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Abstract. This study contributes to the ongoing debate on the persistence of stock market anomalies in equity markets
(McLean and Pontiff, 2016; Jacobs and Miller, 2020) and concentrates on the day-of-the-week effect in the European
real estate sector. Interest payments and settlement effects were discussed as the main factors to explain this anomaly in
the past. Today the persistence is highly questionable concerning the dynamically adjusting economic and institutional
environment. While previous research indicated a significant Monday and Friday effect in other sectors, literature can
only support a Friday effect for real estate. Furthermore, the real estate sector has a lower level of mispricing, which
makes it more difficult for an anomaly to survive (Bampinas et al., 2016). The data is splitted in three ten-year periods
to analyze the effect's existence over the long term. Applying OLS and GARCH models, results reveal an evolution in a
significant Friday effect for cross-country indices (Europe and Global). From 1990 to 2000, the effect is weak but
significant. It gains in importance during the period 2000 to 2009. In the final period until 2020, the anomaly weakens
again but does not disappear for cross-country indices. From a country-specific perspective, there is no pattern in the
significance of the day-of-the-week effect. The real estate sector has a local business character. Therefore, country-
specific effects are possible, but a pattern is not found. In conclusion, there is still a day-of-the-week effect in the real
estate sector in Europe from a cross-country perspective.
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HOuaiyc Mapkyc Peiic

Jlapmuwmaomcoruii mexuiunuil ynieepcumem, m. Japmwmaom, Hineuuuna

Jleonapn I'pede

Hapmuwmaomcwkuti mexuiunuil yuigepcumem, m. Japmuwmaom, Hiveuuuna

Hipx lupex

Jlapmwmaomcokuii mexniynuil yHisepcumem, M. Japmwmaom, Hiveuuuna

Kepcrin Xennir
Incmumym nepyxomocmi @panxypmcokoi wkoau QiHaAncis i MeHeoNcMenmy,
M. Dpanxgypm, Himeuuuna

Ywu Bce 11e icHy€e epeKT THS THAKHSA B CEKTOPi HEPYXOMOCTi?

Anomayisn. Lle docrioxcenns cnpusie OUCKYCii npo 36epecers anoManii ponoo8o2o punky Ha punkax axyii (Maxnain i
Houmig, 2016; Axobe i Mionnep, 2020) i 30cepedacyemoves na egpexmi OHs MUIICHA 68 €6PONEUCLKOMY CEKMOpL
Hepyxomocmi. ¥V nonepeouix 00CiONCeHHAX AK 207068HI PAKMOPU, WO NOACHIOIOMb YI0 AHOMATII0, 002080PI0GANUC
npoyenmui guniamu ma egexmu po3paxynxie. Co0200Hi CilIKicmb GUKIUKAE GENUK] CYMHIGU 3 02110Y HA eKOHOMIYHE
ma incmumyyiiine cepedosuwye, wo OUHAMINHO 3MIHIOEMbCA. Y MOl 4ac K NonepeoHi 00CIIONCEHH NOKA3AU 3HAYHULL
epexm nouedinka ma n' AMHUYI 8 IHUUX CEKMOPAxX, HAYKO8A Timepamypa moxce niomseepoumu egpekm n' amuuyi auue
ons Hepyxomocmi. Kpim mozo, cekmop HepyXoMOoCmi MA€ HUXNCUULL PiBeHb HenpasuibHO20 YIHOYMBOPEHHs, W0
yexaaownioe eudicusanns anomanii (Bamninac ma in., 2016). B yvomy docnioscenni oani po3oineni Ha mpu 0ecamupiumi
nepioou, wob npoaunanizyeamu iCHy8auHa eexmy 6 00820CMPOKO8ill nepcnekmusi. 3a60aKu 3aCMOCYBAHHI0 Mooenel
OLS i GARCH, suseneno esonioyito snaunozo egexmy n' amuuyi oas inoekcie mixe kpainamu (€epona ma ceim).
Mooeni GARCH niomeepooicyroms nociioosui 0okasu egpexmy n' smuuyi 015 6Cb020 00CHIONCYB8an020 nepiody. [Ipome
3 YACOM CROCMepicacmbCsi esonoYis e@ekmy OHsS MudiCHi. Y pisHi nepioou 3Hauywumu € pI3HI OHi MUDICHS.
Jluwe eghexm n'smuuyi 3anuwiacmocs 3Havywum y éci nepioou. 3oxpema, 3 1990 no 2000 pix egpexm Oye HesupazHuil,
ane snaunuti. Y nepioo 3 2000 no 2009 pix 6in nabupac éasxciusocmi. B ocmannitl nepioo oo 2020 poxy anomanis 3108y
caabwae, ane He 3HUKAE O1A THOEKCi8 Mixc KpaiHamu. 3 mouku 30py KOHKPemHOi KpaiHu, HeMae 3aKOHOMIpHOCMI y
3Hauywocmi egpekmy OHa mudicha. [1iocymro6i pe3yiomamu 00CHiOHCeHHs c8i0Yamb, Wo 3 MOYKU 30PY MIdHCHAPOOHOT
nepcnekmusu 8 cekmopi nepyxomocmi ¢ €8poni 6ce wje icHye eqhexm OHsL MUNCH.

Kniwouosi cnosa: eexm Ous-mudichsi, HepYyXOMICMb, V3a2albHeHd ABMOPESPeCUsHa YMOBHA 2eMepoCKedacmuyHicmy

(GARCH), egpexm n'smunuyi, epexm nonedinka, eghexm euxiono2o OHst, AHOMARIA HOHO0B020 PUHKY.

1. INTRODUCTION

Systematic seasonality leads to anomalies explained
by reasonable compensation for settlement periods.
The average return for days, weeks, and months has been
studied comprehensively in previous literature. Seasonal
patterns alow the development of profitable investment
strategies to generate profits. There are severa variants of
this seasona pattern: the "weekend effect”, the "January
effect’, or the "day-of-theeweek effect" (Jaffe
& Westerfield, 1985; Seyhun, 1988; Dubois & Louvet,
1996). The day-of-the-week effect states a significantly
different return for one day of the week compared to the
remaining days (Dubois & Louvet, 1996).

Several empirical studies, for example, French (1980),
Gibbons and Hess (1981), and Keim and Stambough
(1984), reported that the daily return in the U.S. stock
market is, on average, significantly higher on Friday
while the Monday returns were significantly negative.
The highest concentration of attention on this anomaly is
from around 2000 to 2010 (Friday & Higgins, 2000;
Lenkkeri et a., 2006).

On one side, contrary to the predominant opinion of
the existence of a day-of-the-week effect, Bampinas et a.
(2016) cast doubt on the results. They do not obtain a day

with a significantly higher or lower return when studying
the European rea estate sector from 1990 to 2010 and
conclude that daily seasonality seems subject to data
mining criticism (Bampinas et a., 2016). On the other
side, the ongoing debate on the persistence of stock
market anomalies, as documented by Jacobs and Miiller
(2020), suggests that barriers to arbitrage trading can
create segmented markets and that anomalies tend to
represent mispricing instead of data mining.

Inconsistent findings make the day-of-the-week effect
an often-discussed anomaly. In addition to discussing the
existence of the day-of-theeweek effect, researchers
document a weakening of this anomaly (Board
& Sutcliffe, 1988; Steeley, 2001). By following this
trend, the day-of-the-week effect in 2000 might have
disappeared.

The focus lies on the rea estate sector for multiple
reasons to contribute to the discussion. First, Birz et a.
(2022) argue that it is essentia to analyze rea estate
separately because of institutional characteristics (Chan et
al., 1990; Sa-Aadu et d., 2010; Devos et a., 2013).
Asaresult, the real estate sector stands out because of a
lower level of mispricing than other sectors, which makes
it more difficult for an anomaly to survive (Bampinas et
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al., 2016). Second, its position as an outlier from the
general stock market is aso recognizable in the day-of-
the-week literature. Results for the real estate sector
differed from the rest in terms of significance for
individual weekdays. Based on this inconsistency, an up-
to-date perspective with modern statistical methods is
lacking. Previous studies are mainly based on OLS
regressions, and the period of the most recent analyses
only goes until 2010. Considering al these aspects, it is
unknown whether the day-of-the-week effect still exists.
Building on GARCH models and a more recent period,
this study addresses the research question: Isthere still a
day-of-the-week effect in the real estate sector?

The paper proceeds as follows. Section 2 includes a
comprehensive literature summary on seasonal patternsin
various stock markets. Section 3 describes the dataset for
the empirical analysis for the period from 03.01.1990 to
01.10.2020. The study searches for country- and cross-
country-level patterns to include multiple perspectives on
the European real estate sector. In the next section,
4 research methods are explained, which are used to
derive empirical evidence. The datasets are estimated
with three different GARCH models selected using the
Schwarz Information Criterion. Section 5 provides a
summary of the results, and section 6 concludes.

2.LITERATURE REVIEW

One of the first studies analyzing the day-of-the-week
effect in real estate is from Redman et al. (1997). They
that the day-of-the-week effect exists with a significantly
higher return on Friday by focusing on the U.S. rea
estate segment with real estate investment trusts (REIT)
from 1986 to 1993 (Redman et al.,1997). After 2000,
many studies concentrated on seasonal patterns in global
real estate markets. Friday and Higgins (2000) examine
the daily returns of all publicly tradable REIT and all
tradable mortgage REIT. From these two categories, a
data set with equal weights is constructed for the period
from 1970 to 1995. The results show that the return on
Mondays is positive, while the return on Fridays is also
positive. If Friday's return is negative, Monday's return is
also negative (Friday & Higgins, 2000). These findings
do not hold for mortgage REITs. Friday and Higgins
(2000) conclude that if investors plan to sell their REITS
on Friday, they can increase their profits by extending the
holding untii Monday. To this end, their findings
strengthen the argument that REITs can be viewed more
like stocks on a day-to-day basis.

Connors et a. (2002) support the Friday effect
by examining the average daily return of REITs for
existing calendar anomalies from 1994 to 1999 and using
an egual-weighted, vaue-weighted, and broad market
CRSP data set. As a result, the highest average return on
Friday is obtained.

Another perspective on the day-of-the-week effect is
created by Hardin et a. (2005), who compare the returns
of REITs and the general stock market from 1994 to
2002. As a result, they show significant REITs seasonal
patterns, but these patterns depend on the index selected
for the REITs. Hardin et a. (2005) report that calendar
anomalies are not detectable for an index weighted by

market capitalization. In the next step, various European
real estate stock market indices are examined by Lenkkeri
et a. (2006) between 1990 and 2003. The authors find
above-average returns for Friday for eight out of eleven
European countries and conclude that there are profitable
trading strategies to exploit seasona patterns. These
trading strategies are country-specific and not consistent
from an overall perspective.

Lee and Ou (2010) examine MREITs from 2001 to
2007, estimating an OLS and a GARCH model to explore
the day-of-the-week effect. The result for MREITS is
positive for Tuesday and Friday and negative for
Wednesday. In conclusion, Lee and Ou (2010) suggest
that these findings affect the asset allocation and timing
of securities issuance by listed firms.

One of the most recently published studies is
by Bampinas et a. (2016), in which the authors examine
twelve countries' global, European, and rea estate
indices. The period for this study is from 1990 to 2010, in
which the day-of-the-week effect will be analyzed using
different regressions. Bampinas et a. (2016) apply the
GARCH, EGARCH, and GJR-GARCH modes to
determine the best estimate. A significantly higher return
for Friday is present in half of the countries and the two
cross-regiona indexes. A significant impact on Monday
is seen in three countries. In addition to the GARCH
models, they run a moving regression for which Friday
has a significant influence of 15.37% when using the
GED distribution. The authors cast doubt on the day-of-
the-week effect in European real estate markets and argue
that seasonal patterns could result from data mining.
Thisinterpretation conflicts with Jacobs & Miiller (2020),
who suggest that barriers to arbitrage trading can create
segmented markets and that anomalies survive due to
mispricing rather than data mining.

However, the day-of-the-week effect varies with
indexes and statistic methods, which makes it necessary
to have a closer look at the methodology in the literature.
Remarkably, only three sources in the literature overview
apply GARCH models. Most of the literature focuses on
OLS regression, which can lead to biases in time series
analysis. In this case, the day-of-the-week effect could
result from data mining biases, as Bampinas et al. (2016)
conclude. Nevertheless, studies based on GARCH models
produce contradictory results by supporting or rejecting
the day-of-the-week effect. Furthermore, the time range is
until 2010, which creates a research gap of more than ten
years until now.

The evidence provides an inconsistent picture and
raises doubts about seasonal patterns. Especialy in the
1970s and 1980s, most studies obtained clear proof of
seasonal anomalies. It was not until the mid-1990s that
financial economists began to examine rea estate
markets, focusing on REITs. The evidence is
inconclusive. On one side, Bampinas et a. (2016) cast
doubts about the day-of-the-week effect due to errors in
data mining. Conversely, Jacobs and Miiller (2020)
disagree and explain the anomaly with mispricing.
The discussion has not ended, and most recent literature
isinconsistent.
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The literature research shows that it is time for a new
perspective for two reasons. First, research methods are
mainly based on OLS regressions, which can cause static
biases like heteroscedasticity. Second, the literature
declares a weakening of the day-of-the-week effect
(Board & Sutcliffe, 1988; Steeley, 2001). Based on this
time dependency, the anomay could have changed or
disappeared from the last research period until 2010.
For this reason, a more recent data set and methodology
isthe starting point for the research.

3. DATASET

The dataset covers a time frame from 08.01.1990 to
01.10.2020, for which European indices are examined.
Due to the time horizon of 30 years, the focus is
additionally on different sub-periods according to global
events, which have strongly influenced the world
economy. The first data set begins on 08.01.1990 and
ends on 31.12.2000, a period until the dot-com bubble
burst. Thus, eleven years are included in this data set,
containing 2605 observations for the individual indices,
except Finland. There are 1805 observations for Finland.

Data set 2 covers the period from 01.01.2001 to
06.30.2009. The data contains the daily closing prices of
the studied indices from 2477 days. The end date is set
for the end of the world financial crisis and the
stabilization of rea estate prices. Furthermore, a
concentration of research on the day-of-the-week effect
takes place. Data set 3 refersto a period from 01.07.2009
to 01.10.2020, the end of the whole studied period. This
dataset includes 2936 closing prices for al indices and
covers a period until the COVID-19 pandemic shocked
the stock market.

The individua data sets consist of the indices from
the Financial Times Stock Exchange, European Public
Real Estate Association, and National Association of
Rea Estate Investment Trusts (FTSE, EPRA, NAREIT).
The data used for the analysis is retrieved from Thomson
Reuters. Daily closing prices for the days Monday to
Friday are the basdline for the empirical research.
It should be noted that these are not synchronous for each
country, especially for the European and American stock
markets, because the trading hours and holidays are
different. This non-synchrony could lead to
underestimating the correlations (Martens & Poon, 2001).

Nevertheless, the daily closing prices are used to
prove the day-of-the-week effect. Following Bampinas et
al. (2016) to create comparable results, the research is
based on different dimensions. First, a country-specific
perspective of European countries is analyzed. Second,
there is a focus on a cross-country index of Europe and
third, a global index is the most generalized perspective.
The analysis mainly focuses on the European countries
and the cross-country index for Europe. Data from the
following countries is anayzed: Belgium, Finland,
France, Germany, Italy, Netherlands, Norway, Spain,
Sweden, Switzerland, and the UK. In addition to the

individual European countries, the FTSE EPRA NAREIT
Developed Europe Total Return Index (European Index)
is anayzed, which takes into account all countries
entering the European Union. The individua countries
are weighted in the European Index according to market
capitalization. The composition, based on the size of the
market capitalization of the European index, leads to a
concentration on the countries Germany and Great
Britain. Germany has a share of 31% and the United
Kingdom 26% in this index. Sweden has the third-largest
share, with 12%. (as of 01.10.2020)

In addition to the European index as a supra-regional
index, the FTSE EPRA NAREIT Developed Total Return
Index (referred to as the global index) is chosen.
Thelargest share is held by American listed real estate
stocks with 53%, followed by Japan with 11% and
Germany with 6%. Europe has a total share of 18.59% in
the global index. (as of 01.10.2020)

All indices are total return indices, quoted in euros
and weighted according to the level of market
capitalization. Since the index is examined for different
countries, there are days without trading in these
countries (e.g., variable public holidays). Following
Savva et a. (2006), for these days without trading, the
missing prices are replaced with the last price before the
day without trading.

As many European countries indices as possible are
included to research to generate an overview of the
European real estate market. However, this is impossible
for some countries due to a lack of data availability.
Thus, in addition to the European and globa indices,
eleven national data sets are examined with 8019 values,
except Finland, where the data set is limited to 7240
observations.

4, RESEARCH METHODOLOGY

The analysis is based on logarithmic returns to make
the different data sources comparable. The return is
calculated as follows by using the closing prices P, and
Pi_q:

R, = In (%) @)

where R, isthe daily return in percent for each index,
t describes the respective day for the return.

Basic Day-of-the-week Effect Modéel

To analyze the effect of each day, a model with five
dummy variables representing each day is necessary.
If the return is sought for any Monday, then the dummy
variable for Monday takes the value one, and the other
dummy variables take the vaue zero. Each variable
represents one day of the week. The previous day's term
is also called the autoregressive term AR (1). Following
Lenkkeri et a. (2006), the model is described as follows:

R, = a;Mon; + a,Tue, + azWed, + a,Thu, + agFri; + agR,_, + & 2
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where R, is the calculated return in percent for the
day, a,-as are the coefficients for each day estimated,
Mory, is the dummy variable for Monday, and so on. ag is
the factor for the autoregressive term, R,_; is the
previous day's return, and &, is the random error term.

The purpose of this equation is to use OLS regression
to detect existing anomalies, particularly for the day-of-
the-week effect. For the detection of the day-of-the-week
effect, the following hypothesisis to be investigated:

Hya, = a,=az=a,=a5=0

This hypothesis states that no day of the week has a
significant influence, and thus the day-of-the-week effect
does not exist. If the p-vaue is smaler than 0.05, the
coefficient significantly influences the data set, and the
hypothesis will be rejected. Thus, evidence for the day-
of-the-week effect exists.

GARCH Model

Different GARCH models, like the GARCH(1,1)
model, are examined. Bera and Higgins (1993) report that
GARCH(1,1) models are sufficient for a good fit for time
series in capital markets and that more extended models
arerarely needed.

The equations below describe the GARCH(1,1)
model, adapted from Bampinas et a. (2016). This model
consists of two eguations: the mean equation (3) and the
variance equation (5). Equation (3) describes the equation
of the day-of-the-week effect, for which the dummy
variables and the coefficients are explained in the
previous section. For the use of the mean eguation in the
GARCH model, variable AR terms are added, which are
selected according to the best estimate when running the
GARCH models. That is, whether no AR term AR(1) or
AR(2) term isinserted depends on the selection according
to the Schwarz Information criterion. The error term (4)
isnormaly distributed.

R; = ayMon; + a,Tue, + azWed, + a,Thu, + asFri, + YUR,_; + e; 3)
ee\Q;_y ~ N(O, hy) 4
hy = w+ae*_; + Bh; 4 ®)

Equation (5) describes the variance equation of the
GARCH(1,1) model, where h; is the conditional variance,
omega is the constant term, and Bh.y) is the GARCH
term, which represents the impact of new shocks on
volatility. The ARCH term is present in the equation
through a€?.q), which indicates how strongly volatility
responds to market shocks.

The sum of apha and beta must be less than 1 for the
conditional variances to be stationary, for this omega
must be greater than zero, apha and beta greater than or
equal to zero for the conditional variance to be strictly
positive (Berra & Higgins, 1993).

EGARCH Mode

The EGARCH model, unlike the GARCH modd, is
asymmetric. This asymmetric feature describes the
market's volatility response to good or bad news.
Following Nelson (1991), equation (5) is replaced
by equation (6). The variance equation describes the
simplest EGARCH model, the EGARCH(1,1) model.
Through this new variance equation, the model forms an
exponential GARCH process:

_ _ 6
log (ht):w_'_a[let ! +y cet + flog (he—4) ©
\/ht—l \/ht—l
where =il represents the standardized shocks, GJR-GARCH Model '
Vhe-1 The GJR-GARCH model differs from the GARCH

gamma is the asymmetric term in the equation, and
log(hy) is the logarithm for the conditional variance.
For 3, the stability condition is |8 |<1. Asymmetry exists
when y takes the non-zero value.

The EGARCH model is intended to reved
asymmetric effects affecting volatility in the estimation.

model in that an asymmetric effect is included in this
model. It consists of two equations. the mean equation
and the variance equation. The mean equation is
described in equation (3) and is also used for this model.
The variance eguation is defined in equation (7) and
includes an additional term compared to the variance
equation of the GARCH mode!:

hi =w+ae’_ +ye’_1li_q + Bhi_4 (7)

where ye?._;I,_; is the asymmetric term measuring
the asymmetric influence. When y is zero, the null
hypothesis that bad news and good news have the same
influence on the market can be accepted. For this case,
the GIJR-GARCH modd is the standard GARCH model.

If y is non-zero, the null hypothesis must be rejected.
Thus, two distinctions exist. If y is greater than zero, bad
news possesses a greater influence on the volatility of the
market; if y is less than zero, the positive news has a
greater impact on the volatility of the market.
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5.EMPIRICAL RESULTS

After the datais split into three periods, each period is
analyzed separately. First, a descriptive anaysis is done,
and in the next step, OLS and GARCH modds are
trained. Datais presented index-specific.

Descriptive analysis

Two of the 13 indices examined have negative
average returns from 1990 to the end of 2000. When
reviewing the individual days of the week, five indices
(Europe, Finland, Germany, Spain, United Kingdom)
have a positive average return for Monday. Friday,
theaverage return of nine indices (Europe, Global,
France, Germany, Italy, Netherlands, Norway, Spain, and
Sweden) is positive.

For data set 2, the descriptive statistics include data
from 2001 to mid-2009 with 2477 observations per index.
The means for Europe and the global index in this period
are the highest of the three data sets. The following
section investigates whether the days are significant for
the second data set. It can be seen for the individua
indices that al indices have a negative average return for
Monday, and all indices have a positive average return
for Friday.

The descriptive statistics for data set 3 summarise
daily returns of 2937 days from mid-2009 to early

October 2020. All countries except the Netherlands and
Spain show a positive average return. In summary, of the
13 indices examined, two indices (Globa and Finland)
show a positive average return for Monday. For Friday,
al indices reved a positive average return. In detail, the
European index has a negative average return for Monday
and a positive average return for Friday. The global index
shows a positive return for all days of the week except
Thursday. For the countries with a negative average
return across the data set, a positive average return is
present for Spain only on Friday and the Netherlands on
Tuesday and Thursday.

Finaly, Table 1 presents the descriptive statistics
for the whole period from January 1990 to the beginning
of October 2020. The Netherlands, Norway, and Spain
indices show a negative average daily return, while al
other indices have a positive performance. The European
and globa indexes have a negative average daily return
for Mondays and a positive return for Fridays.
Only Finland has a positive average daily return for
Mondays, and all other countries have a negative return.
Friday is a day with a positive average return for all
countries. Descriptive statistics indicate a positive Friday
effect but also show the inconsistency between countries
and periods.

Table 1. Descriptive statistics for whole data (***, **, * = p < 1%, 5%, 10% significance level)

Std.
Mean Min. Max. Dev. Skewn. Kurt. JB test ADF n
Europe 0.00009 0.040 -0.053 0.004 -0.738 15.763  55153* -18.15* 8019
Globa 0.0001 0.036 -0.067 0.005 -0.844 16.157  58794* -18.99* 8019
Belgium 0.0001 0.045 -0.053 0.004 -0.139 15725  54125* -20.13* 8019
Finland 0.0002 0.302 -0.244 0.013 1.849 133.208 243024* -13.732* 7240
France 0.0001 0.074 -0.069 0.005 -0.079 19.325  89058* -18.88* 8019
Germany 0.0001 0.060 -0.093 0.006 -0.609 19.759  94344* -18.62* 8019
Italy 0.00003 0.077 -0.097 0.008 -0.571 15444  52179* -18.14* 8019
Netherlands -0.000005 0.063 -0.097 0.006 -1.059 37592  401325* -18.53* 8019
Norway -0.00008 0.113 -0.130 0.010 -0.480 27.851  206650* -18.33* 8019
Spain -0.0002 0.095 -0.146 0.009 -0.753 29.062 227712 -19.30* 8019
Sweden 0.00008 0.057 -0.083 0.007 -0.379 12.327  29260* -18.48* 8019
Switzerland 0.0001 0.050 -0.036 0.005 -0.007 9.617 14629* -17.93* 8019
UK 0.00006 0.047 -0.093 0.006 -0.787 19.183  88371* -18.58* 8019
OLSRegression GARCH Models

A test for heteroscedasticity is performed to test
whether the OLS regression is a robust estimator.
If heteroscedasticity is present, OLS regression is no
longer robust. The results show that there is no constant
variance in error terms for the global index, Germany,

In the next step, GARCH, EGARCH, and GJR-
GARCH models are trained. According to the Schwarz
Information criteria, the best-fitting model is used for the
final result. Table 2 (see appendix) presents the results for
estimating the preferred GARCH model in data set 1

Italy, and Sweden. Heteroscedasticity is supported | (1990 to 2000). GARCH models with insignificant
inmultiple indices. Consequently, the focus lies on | asymmetric terms have been replaced by EGARCH
GARCH models to reduce the effect of | (marked with a "b"). For Monday, a negatively
heteroscedasticity. significant value is reported for the Netherlands.
The countries France and Sweden and the global index

have a positively significant coefficient for Friday, as do
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the European index and Norway and Spain. In addition,
Tuesday and Thursday are negative days with significant
influence in Sweden. All added AR terms have a
significant influence. All factors in the equations have a
significant influence on the variance equation of
the GARCH, EGARCH, and GJR-GARCH models.

For data set 2 (2000 to 2009), table 3 (see appendix)
describes the most significant GARCH models. Monday
has a significant positive influence on the European
index, Belgium, Finland, and Sweden. Finland, Germany,
Italy, Spain, the Netherlands, Switzerland, the United
Kingdom, and the European index have a positive
significant variable for Friday. Tuesday significantly
influences Belgium, France, Norway, and Switzerland
positively. For Norway, the variable has a negative
impact on Tuesday and a positive effect for France and
Sweden. Wednesday is positively significant for the
European index, France, Italy, the Netherlands, Spain,
and Sweden. The dummy varigble for Thursday is
positively significant for the European index, and for
France, Italy, Spain, and Switzerland, the coefficients
from the variance equations all represent a significant
influence.

Table 4 (see appendix) describes the results of the
best-estimated GARCH models for data set 3 (2009 to
2020). The dummy variable for Monday for the United
Kingdom is the only one of the 13 indices with
asignificant negative effect. All other coefficients for
Monday show no significance. Friday has a significant
positive influence on the European and global index and
Germany, Spain, Belgium, France, and Sweden. Tuesday
is positively significant for the European and global
index, Belgium, Sweden, and Great Britain. Wednesday
is positively significant for Switzerland, Norway,
Sweden, and Great Britain. A positive significant
influence for Thursday is found in Switzerland, Italy, and
Spain. For the variance equation, al coefficients have
asignificant impact.

In Table 5 (see appendix), the results of the GARCH
models for the entire period of the study are presented.
Monday has no significant influence on any of the
thirteen indices examined. In contrast to Monday, Friday
significantly influences every index in the data. For the
other days, the following can be read — Tuesday of the
Norwegian index has a negatively significant influence.
Besides Norway, Friday of the European index and for
the countries France, Germany, and Switzerland are
positive. Wednesday positively impacts the European
index, Sweden, Italy, the Netherlands, and Great Britain.
Wednesday is positively significant for the global index
and the countries Belgium and Switzerland. Thursday is
positively significant for Switzerland, Italy, and France.
All  coefficient terms for the variance equation
significantly impact each GARCH mode. In summary,
for the data set of the whole period for the supra-regional
indices and the eleven countries, Fridays have a
significant effect on returns. For Monday, not a single
termis significant.

®iHaHCKM Ta oNOAATKYBaHHA

Evidence for the Day-of-the-week Effect

The data sets are estimated with different GARCH
models in the second part of the empirical investigation.
The examination of data set 1 (1990 to 2000) shows
apresence of the Friday effect for the European and
global indexes and four out of eleven countries.
A significantly lower return is present in only one of the
countries examined.

For data set 2 (2000 to 2009), the Friday effect is
present for the European index and nine of the eleven
countries studied, and thus, a significantly higher return
than for the other days of the week. Monday is significant
for the European index and three countries. However, this
day of the week is positive for the four indexes and thus
shows no presence of the Monday effect. These seasonal
patterns result in significantly lower returns for Monday.

Estimation of Dataset 3 (2009 to 2020) yields a Friday
effect for the two cross-regional indexes and six of the
eleven countries examined. The Monday effect is only
present for the United Kingdom in this dataset.
It is noticeable that when these whole period results are
compared with the results of the sub-datasets from year to
year, a weakening of the seasonal anomalies can be seen.
In data set 2, significantly more indices exhibit seasonal
patterns than in the last data set 3. Steeley (2001) already
concludes this weakening of the day-of-the-week effect
for the British stock market.

The empirica investigation for the whole period
shows that Friday is significant for all thirteen indices
examined. Furthermore, it can be seen that Friday has
ahighly significant effect on most of the indices.
The Friday effect is present for the two supra-national
indices and six out of eleven countries.

Especially Monday has no significant impact on any
index. Thus, the Monday effect is not present for any
index. A weakening of the day-of-the-week effect with
increasing duration of the examined time, which can be
seen in the estimation of the OLS regression, is not
recognizable with the GARCH models.

To summarize, the results do not show a country-specific
pattern for the day-of-week effect in the sample. These
results are aso demongtrated by Bampinas et d. (2016); the
Monday effect is not detectable for the European red estate
sector, and the Friday effect is not observable for dl
countries from 1990 to 2010. Lenkerri et d. (2006) show the
same seasond patterns in their study that a day-of-the-week
effect is detectable only for respective countries and not al
countries. The evident existence of the day-of-the-week
effect, as proven and documented by many authors before
2000, cannot be established with this empirica study.
Instead, study results are similar to those found in more
recent studies after 2000.

As part of the day-of-the-week effect, only the Friday
effect stays significant in all European and global indices
investigations. The evauation of this effect shows
similarities to the concentration of research. Likewise,
there is a maximum during the period 2000 to 2009.
In the most recent period until 2020, the effect weakens
but does not disappear. Table 6 summarizes the day-of-
the-week effect in the European index for all data sets.

90 06niK i piHaHcu, Ne 3(101), 2023
p-ISSN 2307-9878, e-ISSN 2518-1181, www.afj.org.ua



Finance & Taxation

Table 6. Results of GARCH modelsfor European real estate (*** ** * = p < 1%,
5%, 10% significant level. Numbers in parentheses indicate p-values. aand b
denote GIR-GARCH and EGARCH model, respectively)

Variable 1990 - 2000° 2000 - 2009° 2010 - 2020° 1990 - 2020°
Mean Equation
Monday 0.0000 0.0002*** -0.0001 0.00003
(0.97) (0.06) (0.47) (0.63)
Tuesday 0.0000 0.0002 0.0003** 0.0001***
(0.85) (0.22) (0.03) (0.06)
Wednesday 0.0000 0.0002** 0.0002 0.0002**
(0.44) (0.04) (0.11) (0.02)
Thursday -0.0001 0.0002** 0.0001 0.00005
(0.22) (0.08) (0.38) (0.44)
Friday 0.0002** 0.0006* 0.0003** 0.0004*
(0.01) (0.00) (0.02) (0.00)
AR(D) 0.0910* 0.090* 0.083*
(0.00) (0.00) (0.00)
AR(2) 0.0650*
(0.00)
Variance Equation
omega -0.57* 0.000* 0.000* 0.000*
(0.00) (0.00) (0.00) (0.00)
apha 0.15* 0.0056* 0.055* 0.062*
(0.00) (0.00) (0.00) (0.00)
beta 0.968* 0.911* 0.856* 0.899*
(0.00) (0.00) (0.00) (0.00)
gamma -0.18** 0.049* 0.055* 0.061*
(0.01) (0.00) (0.00) (0.00)
SE of reg 0.002 0.005 0.005 0.004
Ad. R? 0.002 0.0003 0.00007 0.006
n 2605 2477 2937 8019

Influence of Countries on the European Real

For data set 2, the estimation for the European index
Estate Index

and the countries Germany and Great Britain results in

The European index highly depends on real estate
companies from Germany and the United Kingdom.
These two countries are weighted with more than 50 %
in the examined European index (as of 01.10.2020).

The estimation with the GARCH models for the
whole period shows that Germany and Great Britain have
a Friday effect, as does the European index.
Consequently, the two largest countries can initiate this
Friday effect in the indice since not every country has
apositive Friday effect.

In data set 1, the European index has a positive
significant effect for Friday, which only the European
index has and not the countries Germany and Great
Britain.

apositive Friday effect. However, it should be noted that
Germany and Great Britain are not the only countries
with a positive Friday effect. Therefore, it can aso be
assumed that the Friday effect of the European index
depends on severa countries and not only on Germany
and Great Britain.

The estimation of the GARCH models in data set 3
shows a Friday effect for the European index and
Germany but not Great Britain. Beyond Germany, there
are other countries where Friday shows significant return
patterns. Therefore, it cannot be assumed that only Grest
Britain and Germany influenced the European index.
According to the literature, the day-of-the-week effect is
not constant over countries and periods.
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6. CONCLUSION

This paper contributes to the ongoing debate on the
persistence of stock market anomalies in global equity
markets (McLean & Pontiff, 2016; Jacobs & Miiller,
2020) and concentrates on the day-of-the-week effect
inthe read estate market from 1990 to 2020.
The empirical investigation is carried out for the whole
period and three sub-datasets. The data sets are estimated
by OLS regressions and GARCH models to exclude
heteroscedasticity.

The GARCH models support the consistent evidence
for the Friday effect for the entire period. However, there
is an evolution of the day-of-the-week effect over time.
In different periods, different weekdays are significant.
Only the Friday effect stays significant in al periods.
After a maximum in the period 2000 to 2009, there is a
weakening in the last period. The impact of the day-of-
the-week anomaly seems connected to public attention.
After the research hype decreased, the effect also
weakened but did not disappear from 2009 to 2020.

®iHaHCcK Ta onoJaTKyBaHHA
The Friday effect till influences the real estate sector.
The significance of other weekdays is changing during
the periods without a pattern.

Furthermore, the day-of-the-week effect in different
European countries is unsystematic and changes between
periods. The rea estate sector has a local business
character. Therefore, country-specific effects are
possible, but a pattern is not found.

To summarize, the day-of-the-week effect is mainly
represented through the Friday effect, which is constantly
significant in cross-country indices for the European and
global real estate stock market. As an avenue for future
research, the question of further weakening the day-of-
the-week effect can be posed. In addition, research can
focus on the anaysis of country-specific differences.
Furthermore, there is a possible causdity between
research concentration and the impact of the Friday
effect. However, this paper indicates that the day-of-the-
week anomaly dtill exists in the European read estate
sector from a cross-country perspective.

Appendix
The appendix presents the comprehensive results of the GARCH, EGARCH and GJR GARCH calculation.
The best-fitting model is chosen for each index according to the Schwarz Criteria. The use of GJR GARCH models
for an index is marked by an "a"'. EGARCH is marked with a"b". Redundant variables are | eft out in the models.
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Table 2. GARCH, EGARCH, GJR-GARCH Output for Data Set 1 1990 to 2000

Europe®  Global® Belgium®*  Finland  France Germany® Italy Netherlands
Mean Equation
Monday 0.000003 -0.0002 -0.0002 -0.0004 -0.0001  -0.00002 -0.0001 -0.0002**
(0.97) (0.16) (0.17) (0.64) (0.23) (0.90) (0.66) (0.01)
Tuesday 0.00001 0.00002 0.00005 -0.0002 0.0001 0.00008 -0.0004 -0.000005
(0.85) (0.87) (0.72) (0.89) (0.44) (0.66) (0.13) (0.95)
Wednesday  0.00007 0.0002 -0.0001 -0.0007  -0.0000 0.00009 -0.0004 0.0002
(0.44) (0.23) (0.40) (042)  (0.81) (0.64) (0.85) (0.10)
Thursday  -0.000121 -0.00004  0.00003 -0.0003 0.0001 -0.00006 0.0003 -0.00006
(0.22) (0.82) (0.88) (0.67) (0.43) (0.78) (0.25) (0.56)
Friday 0.0002** 0.0005* 0.0002 0.0005 0.0006* 0.0002 0.0001 0.0004
(0.02) (0.00) (0.12) (0.53) (0.00) (0.26) (0.95) (0.66)
AR(1) 0.091* 0.153* -0.143* -0.041** 0.108*
(0.00) (0.00) (0.00) (0.03) (0.00)
AR(2) 0.065* -0.103*
(0.00) (0.00)
Variance Equation
omega -0.57* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
alpha 0.15* 0.045* 0.084* 0.023* 0.17* 0.023* 0.16* 0.26*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
beta 0.968* 0.83* 0.837* 0.976* 0.63* 0.95* 0.80* 0.30*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
gamma -0.18** 0.093* 0.104* 0.049*
(0.02) (0.00) (0.00) (0.00)
SE of reg 0.002 0.004 0.005 0.022 0.003 0.005 0.006 0.003
Adj. R? 0.002 0.02 0.03 0.011 0.004 -0.002 -0.0008 0.001
n 2605 2605 2605 1826 2605 2605 2605 2605

*rk kR K = p < 1%, 5%, and 10% significant level, numbers in parentheses indicate p-values. A and b
denote GJR-GARCH and EGARCH model, respectively.
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®iHaHcK Ta onoAaTKyBaHHA

Table 3. GARCH, EGARCH, GJR-GARCH Output for Data Set 2 2000 to 2009

Europe®  Global® Belgium®* Finland France® Germany®  Italy®  Netherlands®
Mean Equation

Monday ~ 0.0002%** 00001  0.0003** 0.0005*** 00002  -0.0003  0.0002 0.0001
(0.06) (0.36) (0.02) (0.06) 0.17) (0.22) (0.42) (0.24)
Tuesday 0.0002  0.00006  0.0004*  0.0002 00003*** 00002  -0.0002 0.0002
(0.22) (0.68) (0.00) (0.48) (0.08) (0.20) (0.45) (0.12)
Wednesday ~0.0002** 00001 00002  0.00006 0.0005*  -0.00002  0.0007* 0.0003**
(0.04) (0.47) (0.12) (0.83) (0.00) (0.90) (0.00) (0.04)
Thursday ~ 0.0002** 00001 00001  -0.00007 0.0004** 00003  0.0006** 0.0001
(0.08) (0.39) (0.24) 0.77) (0.02) (0.12) (0.02) (0.31)
Friday 0.0006* 00003 000003  00009* 00007+  0.0006*  0.0004***  0.0005*
(0.00) 0.12) (0.80) (0.00) (0.00) (0.00) (0.05) (0.00)
AR(1) 0.090* 0.102*  -0122*  -0.091* 0.086*
(0.00) (0.00) (0.00) (0.00) (0.00)
AR(2)

Variance Equation

omega 0.000* 0.000  0.000* 0.000*  0.000* -0.364* -0.483* 0.000
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

apha 0.0056* 0018  0.034* 0.058*  0.194* 0.242 0.287* 0.070
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

beta 0.911* 0919  0.946* 0933 0979 0.982* 0.972% 0.891*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

gamma 0.049* 0.087*  0.038* -0.054* -0.053¢  -0.022** 0.061*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.00)

SE of reg 0.005 0.005 0.005 0.008 0.006 0.008 0.008 0.005

Adj. R? 0.0003 -0.003 -0.004 0004  -0.003 -0.001 -0.004 0.0009
n 2477 2477 2477 2477 2477 2477 2477 2477

*xk Rk = p < 1%, 5%, and 10% significant level, numbers in parentheses indicate p-values. A and b denote
GJIR-GARCH and EGARCH model., respectively.
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Table4. GARCH, EGARCH, GJR-GARCH Output for Data Set 3 2009 to 2020

Europe®  Global® Begium® Finland® France® Germany®  Italy?  Netherlands®

Mean Equation
Monday -0.0001 0.00002 0.0001 0.0002  -0.00003  -0.00006  -0.00005 -0.0002
(0.47) (0.86) (0.40) (0.29) (0.85) (0.74) (0.83) (0.21)
Tuesday 0.0003**  0.0002***  0.0003** 0.00009 0.0001 0.0002 -0.00008 0.0002
(0.03) (0.06) (0.04) (0.69) (0.43) (0.23) (0.75) (0.37)
Wednesday 0.0002 0.0002 0.0002 0.0003 0.00003 0.0002 -0.0001 -0.0003
(0.12) (0.12) (0.12) (0.17) (0.89) (0.23) (0.70) (0.14)
Thursday 0.0001 0.00008 0.00003  -0.00008 0.000002 0.0001 0.0005*** -0.0002
(0.38) (0.50) (0.78) (0.71) (0.99) (0.40) (0.07) (0.35)
Friday 0.0003**  0.0003**  0.0003** 0.0002  0.0005** 0.0007* 0.0001 0.0001
(0.02) (0.01) (0.01) (0.30) (0.01) (0.00) (0.64) (0.59)
AR(2) 0.135* 0.018 0.06*
(0.00) (0.40) (0.00)
AR(2)
Variance Equation
omega 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
alpha 0.055* 0.059* 0.042* 0.037* 0.036* 0.161* 0.049* 0.025*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
beta 0.856* 0.831* 0.851* 0.88* 0.88* 0.972* 0.85* 0.89*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
gamma 0.055* 0.138* 0.133* 0.086* 0.12* -0.081* 0.12* 0.13*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
SE of reg 0.005 0.004 0.004 0.006 0.006 0.005 0.008 0.008
Adj. R? 0.00007 0.007 0.0001 -0.00001  -0.0001 -0.0003 0.001 0.004
n 2937 2937 2937 2937 2937 2937 2937 2937

*xk Rk = p < 1%, 5%, and 10% significant level, numbers in parentheses indicate p-values. A and b denote
GJIR-GARCH and EGARCH model, respectively.
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Table5. GARCH, EGARCH, GJR-GARCH output for whole period

®iHaHcK Ta onoAaTKyBaHHA

Europe®  Global® Belgium® Finland® France® Germany® [talyP Netherlands®
Mean Equation
Monday 0.00003 0.000001 0.0001 0.0002 -0.00006 -0.00004 0.00004 -0.0001
(0.63) (0.99) (0.13) (0.30) (0.45) (0.70) (0.74) (0.15)
Tuesday 0.0001*** 0.0001 0.0003* 0.00002 0.0002***  0.0002*** -0.0001 0.00009
(0.06) (0.18) (0.00) (0.92) (0.05) (0.05) (0.30) (0.22)
Wednesday  0.0002**  0.0002*** 0.0001***  0.00001 0.0001 0.0001 0.0002** 0.0002**
(0.02) (0.06) (0.08) (0.61) (0.26) (0.28) (0.04) (0.03)
Thursday 0.00005 0.00006 0.00009  -0.00007  0.0002** 0.00004 0.0006* -0.0000004
(0.44) (0.43) (0.25) (0.69) (0.02) (0.68) (0.00) (0.99)
Friday 0.0004* 0.0004* 0.0002**  0.0004**  0.0006* 0.0004* 0.0003** 0.0002*
(0.00) (0.00) (0.01) (0.03) (0.00) (0.00) (0.02) (0.00)
AR(1) 0.083* 0.13* -0.10* -0.039* 0.078*
(0.00) (0.00) (0.00) (0.00) (0.00)
AR(2)
Variance Equation
omega 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* -0.574* 0.000*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
alpha 0.062* 0.042* 0.045* 0.009* 0.067* 0.042* 0.255* 0.063*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
beta 0.899* 0.885* 0.906* 0.98* 0.877* 0.908* 0.961* 0.89*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
gamma 0.061* 0.087* 0.083* 0.011* 0.074* 0.080* -0.036* 0.074*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
SE of reg 0.004 0.005 0.004 0.013 0.005 0.006 0.008 0.006
Adj. R? 0.006 0.006 0.005 0.00004 0.0009 0.0004 -0.0006 0.003
n 8019 8019 8019 7240 8019 8019 8019 8019

*rk Rk k= p < 1%, 5%, and 10% significant level, numbers in parentheses indicate p-values. A and b denote
GJIR-GARCH and EGARCH model. respectively.
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