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Robust estimates of daily seasonality in the

Irish equity market

BRIAN M. LUCEY

School of Business Studies, Trinity College Dublin, Dublin 2, Ireland
E-mail: Blucey@tcd.ie

This article examines, in a robust manner, the question of whether or not an unusual
form of daily seasonality existed in the Irish market. Previous studies have indicated
that the pattern of such seasonality in Ireland differs from that found elsewhere.
Other research indicates that daily seasonality may not exist at all. The findings are
that after adjusting for sample size and taking into account the non-normality of
the data, the evidence for daily seasonality in the Irish market is very weak. This is
confirmed by resampling methods.

I . DAILY SEASONALITY IN EQUITY
RETURNS

Studies of daily seasonality in equity returns are not new.

Maberly (1995) cited US research dating back to 1930,

with modern academic interest emerging from the work

of Cross (1973) and French (1980) who documented that

equity markets display a tendency to decline on Monday.

Since these papers, a large amount of confirmatory data

for US indices has emerged, examples being Lakonishok

and Levi (1982) on CRSP indices, Lakonishok and Smidt

(1988) on the Dow Jones and Kohers and Kohers (1995)

on the NASDAQ. These and many other papers have

reinforced the pattern of Monday having the lowest,

often negative, return despite having the highest, or higher

than average, risk as proxied by standard deviation. The

evidence for the UK is similar, as shown by papers such as,

Jaffe and Westerfield (1985), Board and Sutcliffe (1988),

Agrawal and Tandon (1994), Peiro (1994), Arsad and

Coutts (1996), Dubois and Louvet (1996) and Coutts and

Hayes (1999).

However, Monday declines are not universal. Agrawal

and Tandon (1994), Dubois and Louvet (1996) and

Kramer (1996) provided evidence that the Deutche Bourse

typically shows a decline on both Monday and Tuesday,

a pattern also demonstrated for Milan by Barone (1990),

while Agrawal and Tandon (1994) found evidence of a

decline on Tuesday for Paris, as does Corhay (1991) for

Belgium, Alexakis and Xanthakis (1995) for Greece, Pena

(1995) for Spain and Dubois and Louvet (1996) for

Australia. In the majority of these cases there is also a

small Monday decline. Many of these studies find that

while the Tuesday decline is in part a reflection of the larger

markets Monday decline this lagged response is not suffi-

cient in and of itself to explain the extent of the Tuesday

decline. Nor is there a convincing explanation of why there

are persistent Tuesday declines in large liquid markets such

as France and Germany, which share a time zone with the

UK and thus can observe in real trading time the Monday

decline that occurs there.

There have however been a number of studies that have

disputed the continued existence of daily seasonality. A

number of these find that a more robust statistical meth-

odology weakens the evidence for daily seasonality. These

are discussed in more detail in Section II. Agrawal and

Tandon (1994) cast doubt on the continued existence of

such effects, as does Madureira and Leal (2001). Studies

on the UK (Steeley, 2001, Draper and Paudyal, 2002,

Korea (Kamath and Chusanachoti, 2002) and China

(Chen et al., 2001) have tended to confirm that especially

in the latter parts of the 1990s daily seasonality was much

reduced.

Recent work by Faff and McKenzie (2002) indicated that

the introduction of derivative contracts on a stock index

leads to a decrease in the mean daily seasonal. This, com-

bined with the results in Hiraki et al. (1998) indicates that

increased transparency in the price formation process has

a significant effect on the degree of seasonality.
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To date, few studies have examined equity returns in
Ireland. Donnelly (1991) and Lucey (1994) find a negative
Tuesday, while Lucey (2000) found a midweek effect over
the 1973–1998 period. However, these three papers differ
considerably in the time period and indices used, and this
renders comparison difficult. Moreover, all agree that there
is a daily seasonal. Finally, the time periods (1975–1985 for
Donnelly and 1988–1991 for Lucey (1994)) do not incor-
porate the later 1990s. Thus, it appears opportune to both
update these studies with new data and to investigate the
persistence of any daily seasonal under more robust econo-
metric techniques.

II . METHODOLOGICAL ISSUES

The vast majority of the papers that have examined
whether differential seasonality exists in the mean have
used a version of the standard OLS statistical specification
that incorporates dummy variables. However, there are
well known problems with this approach. One of these is
the well recognized statistical issue (Lindley, 1957) that as
sample sizes increase there is a need for greater scepticism
on the results. Connolly (1989, for US indices), Chang et al.
(1993, for a number of international indices) and Easton
and Faff (1994, for Australian) found that the evidence
for daily seasonality is much reduced when appropriate
adjustments are made.

A potentially more serious problem with OLS, regardless
of the marginal significance level chosen is that at the limit,
a single large enough outlier can render OLS estimates
unreliable. OLS is said to then have a low breakdown
point. Alternative approaches exist to dealing with this.
Two approaches used here are the estimation of the first
moment by means of least absolute deviation regression
and trimmed least squares regression. A detailed discussion
of least absolute deviation regression is contained in
Connolly (1989: } IV), and it is also discussed in Doan
(2000: } 5.7). In brief, if one considers the standard equa-
tions y ¼ �X þ ", the LAD estimator is �̂� ¼ Minimize

�
�P

jy� �X j. The expression min
P

c2"ð�Þ2
� �0:5

approaches
LAD as c! 0. This can be estimated with consistency
using iterative weighted least squares. Here the resampling
approach of Rousseeuw and Leroy (1987) is used to imple-
ment the trimmed least squares approach, using the RATS
source file LTS.SRC .

Estimates of daily seasonality using TLS and LAD esti-
mators are provided in Connolly (1989) and Easton and
Faff (1994), while Chang et al. (1993) provided estimates
under TLS. All these authors found that the degree of
measured seasonality is highly dependent on the estimation

technique used, and that the more robust measures tend to
provide weaker evidence for seasonality. A further meth-
odological issue relates to the integration of examination
of the mean and variance simultaneously. Much less work
has been published on daily variation in the risk of
stocks, notable exceptions being Agrawal and Tandon
(1994), Peiro (1994), Arsad and Coutts (1996) and Coutts
and Hayes (1999). While these papers indicate that the
variance for Monday tends to be among the highest of
the week, this is typically neither universal across time or
markets, nor is it typically formally tested. This article
extends this literature for the Irish case by both document-
ing daily seasonality in the variance of indices and by for-
mally testing for this by means of the Levene test. The
Levene test examines H0: �i ¼ �jl8i, j, ha: �i 6¼ �j, at least
one i, j pair where the test statistic is defined as:

W ¼

ðN � kÞ
Pk

i¼1

NiðZi � Z...Þ
2

ðk� 1Þ
Pk

i¼1

PN

j¼1

ðZij � ZiÞ
2

where Zij ¼ jYij �
~YYij, ~YYi the median subgroup i.

GARCH methods (Bollerslev, 1986) can assist in dealing
with volatility in returns as they allow the conditional
variance to be an ARMA process. The Leveraged or
Asymmetric GARCHmodel of Glosten, Jagannathan et al.
(1993) is used here to capture the asymmetric relationship
between equity returns and negative/positive innovations
(see Henry, 1998, for further details on this implementa-
tion).1 Using GARCH methods, both the mean equation
and the equation for the conditional variance contain
dummy variables to take account of the interrelationship
between risk, return and these calendar events. There is
however no agreement in the literature as to which
dummy variables should be included. Clare et al. (1998)
and Lucey (2000) included daily dummies for those days
that have been shown, from a standard OLS regression,
to have significant coefficients. Beller and Nofsinger
(1998) on the other hand included a variety of variables
and test down from a more general model. When using
this approach, if the daily dummies in the mean equation
are significant, despite the inclusion of conditional volati-
lity terms, then one may conclude that daily mean season-
ality is not due to daily variation in equity risk as proxied
by the conditional variance term. If the dummies are insig-
nificant in the mean equation but significant in the condi-
tional variance equation, one can conclude that there is
seasonality in risk.
In classical statistics, including here the Bayesian

families, the mode of inference is to compare observed out-
comes to theoretical. Using a resampling approach allows

1 As GARCH models are now well known detailed exposition of the model and its properties is omitted. Further details are available
from the author on request.
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the investigator to dispense with the need to assume that a
particular theoretic distribution is the most likely candidate
to describe the actual distribution. Instead, inference is
based on observed data only, using a large number of
reshufflings, permutations and resampling from the data.2

A number of types of resampling can be identified, includ-
ing randomization exact tests. (Edgington, 1995) and
Jacknife (Quenouille, 1949; Tukey, 1958). The approach
used here is the Bootstrap of Efron and Tibshirani
(1993). A distinction can be drawn between permutation
bootstrapping (more commonly called randomization anal-
ysis) and pure bootstrapping. With pure bootstrapping
there is typically replacement of each data point drawn
into the larger sample, while with randomization analysis
there is no replacement. The rationale for this is that each
observation has a unitary probability of appearing in rea-
lity. Randomization analysis is the approach used in this
article. Although increasingly being used in biomedical,
engineering and general statistical literature the use of ran-
domization in analysis of calendar regularities is negligible.
Only Larsen and Resnick (1995), Sullivan et al. (1999)
and Sullivan et al. (2002) appear to have incorporated
randomisation analyses into their works, and there as
permutations of the distribution rather than as a direct test.

III . DATA

Wholly reliable, daily, consistent stock indices are available
in Ireland only from the start of January 1988 with the
start of publication of the ISEQ index by the Irish Stock
Exchange. Other indices available from the stock exchange
consist of the stock exchange general and financial series of
indices.3 The stock exchange publish four main indices: the
official market index, ISEQ, a total returns version of the
ISEQ price index, ISEQR; a financial sector index, ISEFIN
and a general market index, ISEGEN. The data are anal-
ysed over the January 1988–December 1998 period. This
then gives a period of 10 years beginning with the total
removal of capital and exchange controls and ending
with the advent of the EMU. All data are analysed in
their log percentage return form, ln( pt/pt�1).

Summary statistics on the data are presented in Table 1.
The literature internationally demonstrates a Monday or

occasionally a Tuesday minimum with a Friday maximum,
while the previous Irish literature offers mixed results. In
the dataset here Wednesday mean returns are the highest
of all days, and this holds true across all indices. However,
a Monday minimum is also evident, with only the ISEQR
differing in showing a Friday minimum. However, only for
the ISEFIN do we find a decline on Mondays. This pattern
therefore initially offers some divergence from the interna-
tional norm. Second, this pattern of returns seems not to
be clearly and obviously related to risk patterns. In general
the high Wednesday mean return is not cleanly associated
with a high Wednesday risk. Finally, Table 2 indicates
that significant departure from normality is the norm for
the indices under investigation.

IV. IS DAILY SEASONALITY PRESENT IN
IRISH EQUITY INDICES?

The OLS estimates presented in Table 3 are presented
with adjusted standard errors,4 the LAD estimates are
those from a Least Absolute Deviation procedure, and
TLS are estimates of trimmed least squares based on the
resampling algorithim noted earlier. In addition the signif-
icance levels of the various test statistics are adjusted to
allow for more accurate inference given the large number
of data points being investigated. Examination of the
results of Table 3 indicates a number of issues.
Examination of the regression F-statistic indicates that a

finding of overall daily seasonality is highly dependent on
the estimation measure and the mode of statistical compar-
ison used. Thus, under LAD estimation all show, from the
F-statistic, evidence that we can reject the null of the coeffi-
cients being jointly equal to zero. This finding is not depen-
dent on the mode of comparison, as the same result
emerges using the adjusted F-statistic. Under OLS both
F-statistics rejects the null for all save the ISEGEN, while
under TLS only ISEQ and ISEFIN does one reject the null,
and then only when no account is taken of the number of
data points under investigation. As one has six potential
tests (two F-statistics and three modes of estimation) one
can perhaps rank the evidence in an ad hoc manner. The
evidence is strongest for ISEQ and ISEFIN, with five out
of six F-statistics rejecting the null of seasonality, weaker

2 It is important to realize that in this respect the resampling school shares a key assumption or commonality with the classical school.
Both rely on the observed sample for inference. If the observed sample is truly a poor reflection or sample of reality then both schools of
analysis will return poor inferences about the population.
3 Longer run monthly indices do exist, calculated by the Central Statistic Office, providing a monthly share price index back to the early
1930s. However, these are available only on a monthly basis and as such are unsuited to the analysis of daily seasonality. These have been
investigated by Donnelly (1991) and in more detail by Lucey and Whelan (2002).
4 This is discussed in more detail in Hansen (1982). In brief, given the regression model Y ¼ X�þ u the standard assumption regarding
the distribution of the errors is V ¼ E uu0

� �
¼ �2I. This however is violated in the presence of hetroscedastic or autocorrelated distur-

bances. OLS estimates of the form of s2X0X�1 for the variance of these coefficients is not consistent. Accordingly, confidence and
hypothesis inference based on these estimates will be incorrect. Hansen (1982) shows that an estimate of the variance of the form
X0X
� ��1P‘

k¼�‘

P
t utX

0
tXt�kut�k X0X

� ��1
, where # is the number of serially correlated lags, is consistent.
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for ISEQR with four and weakest for ISEGEN with two
rejections. There is no strong evidence that using robust
regression reduces the probability of finding daily season-
ality. Such a finding emerges only under TLS for ISEQR,
but this pattern is not found elsewhere. Indeed, under LAD
estimation we find evidence for ISEGEN which evidence
is not replicated under other estimation methods. This set
of findings is in contradiction to Chang et al. (1993) and
Easton and Faff (1994), who found that adjustments of this
sort reduced the incidence of daily seasonality.

F-tests are joint tests that the coefficients are jointly and
severally equal to zero. Finding that they are not so leads
to a requirement to examine which days, if any are non-
zero. There is little evidence of widespread Monday season-
ality, the stereotypical finding elsewhere. Only for ISEFIN
and ISEQ under TLS estimation does one find negative
and statistically significant intercept terms, representing
Monday returns. Equally, there is little persistent evidence

of the Tuesday (Donnelly, 1991; Lucey, 1994) or
Wednesday (Lucey, 2000) seasonals found in previous
Irish studies. Stronger evidence for persistent daily sea-
sonality is found under TLS, for ISEQ and ISEFIN, than
under other approaches. However, as TLS in essence dis-
cards the extreme values, this may not be very informative.
In no case is any day significant when account is taken
of the number of data points under analysis. Only for
Wednesday in the ISEQ is a daily coefficient significant
across all estimation methods.
The results in Table 4 show non-parametric analyses

of daily seasonality. The effect of the day of the week
on the indices were analysed by means of a Kruskal–
Wallis H-test, the non-parametric equivalent to one-way
ANOVA. This test therefore allows the parametric F-tests
to be augmented. In this case, the null is that the data, the
indices, do not differ as to the day of the week. In Elyasiani
et al. (1996) Arsad and Coutts (1997) and Steeley (2001)
there was agreement between the parametric and non-
parametric results. This agreement is broadly present here
– the ISEQ and ISEFIN indices show seasonality while the
other two indices, for which the parametric results were less
clear, do not show seasonality.
The results of a Levene test are displayed in Table 5. The

evidence is that only for the ISEQ can one reject the null
of equality of variance across the day of the week at a 5%
confidence level, while for the ISEQR one can reject at a
slightly higher level. As noted earlier, a GARCH specifi-
cation allows for the simultaneous estimation of the mean
and conditional variance of a series. Thus, it allows us in

Table 1. Summary statistics for all indices, by day

N Mean SD Excess skewness Excess kurtosis

ISEQ Monday 510 0.002 0.451 0.040 10.438
Tuesday 565 0.031 0.411 �0.962 11.003
Wednesday 568 0.051 0.385 0.421 2.540
Thursday 568 0.032 0.369 �1.012 8.488
Friday 567 0.008 0.353 0.017 3.434
All Days 2778 0.025 0.394 �0.304 8.172

ISEQR Monday 510 0.033 0.449 0.154 10.378
Tuesday 565 0.032 0.414 �0.910 10.192
Wednesday 568 0.051 0.378 0.464 2.503
Thursday 568 0.031 0.370 �1.029 8.497
Friday 567 0.006 0.354 0.069 3.238
All Days 2778 0.030 0.393 �0.247 8.033

ISEFIN Monday 462 �0.011 0.574 0.766 5.873
Tuesday 512 0.054 0.551 �0.570 7.628
Wednesday 514 0.057 0.538 �0.089 2.859
Thursday 515 0.044 0.568 �0.758 7.092
Friday 513 0.008 0.495 �0.255 5.131
All Days 2516 0.031 0.546 �0.185 5.775

ISEGEN Monday 462 0.004 0.428 �1.232 25.148
Tuesday 512 0.009 0.399 �0.397 12.660
Wednesday 514 0.035 0.370 0.400 2.856
Thursday 515 0.016 0.328 �0.800 7.009
Friday 513 0.013 0.330 0.229 2.637
All Days 2516 0.016 0.372 �0.450 13.367

Table 2. Normality tests of indices

N Za
p-
value Jbb

p-
value Epc

p-
value

ISEQ 2778 4.050 0.000 8.51 0.01 1292.843 0.000
ISEQR 2778 3.951 0.000 8.85 0.01 1249.293 0.000
ISEFIN 2516 3.843 0.000 9.18 0.01 1002.496 0.000
ISEGEN 2516 3.888 0.000 9.51 0.01 1077.967 0.000

Notes: aKolmogorov-Smirnoff z-Statistic; bJarque-Bera statistic;
cDoornik–Hansen ep statistic: in all cases ho¼ normality.
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principle to focus in on those days that have a significant

influence on the variance. Bollerslev (1986) indicated that

for the majority of financial series a GARCH(1,1) specifi-
cation is sufficient. Accordingly, that approach is adopted.

An ARCH-In Mean term (Engle et al., 1987) is included

to allow the returns to depend on their own conditional

variance, reflecting the presupposition in financial econom-

ics that investors are risk averse and require compensation

for risk. To ensure that the conditional variance is strictly

positive, and also to allow for potential asymmetries in

the volatility transmission mechanism, the Asymmetric

GARCH model of Glosten et al. (1993) is also imposed.

A dummy for Wednesday is included in the variance equa-

tion. Results are presented in Table 6.5 The dummy vari-

ables for Thursday and Friday are significant in the

variance, but those for Tuesday and Wednesday are not.

This pattern does not admit clear interpretation. What

is evident however is that the pattern of seasonality in

risk is different to that of the mean. The ARCH-in-Mean

term seems not to be significant, casting doubt on the

stability of any relationship between risk and return.

Results shown in Table 7 illustrates a series of resam-

pling analyses. Again the evidence on seasonality in the

mean is weak. In no case could one accept at either 1

or 5% the contention that he highest mean returns of

Table 3. Robust estimates of daily seasonality in the Irish market

OLS LAD TLS

Adj t/f Coeff t-stat p-value Coeff t-stat p-value Coeff t-stat p-value

ISEQ � 2.82 0.00 0.09 0.93 0.00 0.09 0.93 � 0.27 �2.15 0.03
�tue 2.82 0.03 1.12 0.26 0.03 1.12 0.26 0.05 3.18 0.00
�wed 2.82 0.05 2.07 0.04 0.05 2.07 0.04 0.07 3.84 0.00
�thu 2.82 0.03 1.23 0.22 0.03 1.23 0.22 0.05 2.74 0.01
�fri 2.82 0.01 0.29 0.77 0.01 0.29 0.77 0.04 2.23 0.03
F(4,2773) 7.97 13.78 0.02 13.78 0.02 F(4,2591) 4.19 0.00

ISEQR � 2.82 0.03 1.65 0.10 0.03 1.65 0.10 0.00 0.25 0.82
�tue 2.82 �0.00 �0.01 0.99 �0.00 �0.01 0.99 0.03 1.47 0.14
�wed 2.82 0.02 0.75 0.45 0.02 0.75 0.45 0.02 1.01 0.31
�thu 2.82 �0.00 �0.07 0.94 �0.00 �0.07 0.95 0.03 1.89 0.06
�fri 2.82 �0.03 �1.24 0.21 �0.03 �1.24 0.21 �0.01 �0.38 0.70
F(4,2773) 7.97 15.00 0.01 15.00 0.01 F(4,2591) 5.01 0.07

ISEFIN � 2.80 �0.01 �0.41 0.68 �0.01 �0.41 0.68 �0.05 �3.01 0.00
�tue 2.80 0.07 1.87 0.06 0.07 1.87 0.06 0.08 3.29 0.00
�wed 2.80 0.07 2.00 0.05 0.07 2.00 0.15 0.08 3.41 0.01
�thu 2.80 0.05 1.48 0.14 0.05 1.48 0.14 0.10 4.02 0.00
�fri 2.80 0.02 0.63 0.53 0.02 0.63 0.53 0.07 2.96 0.00
F(4,2511) 7.88 13.00 0.02 13.00 0.02 F(4,2343) 4.99 �

ISEGEN � 2.80 0.00 0.20 0.84 0.03 1.65 0.10 �0.00 �0.14 0.89
�tue 2.80 0.01 0.20 0.84 �0.00 �0.01 0.99 0.02 1.24 0.21
�wed 2.80 0.03 1.27 0.21 0.02 0.75 0.45 0.00 0.07 0.95
�thu 2.80 0.01 0.52 0.61 �0.00 �0.07 0.95 0.02 1.26 0.20
�fri 2.80 0.01 0.38 0.70 �0.03 �1.24 0.21 0.01 0.75 0.45
F(4,2511) 7.88 5.45 0.36 15.00 0.01 F(4,2343) 0.76 0.55

Notes: This table shows the results of a regression of the form Rt ¼ �þ �tue þ �wed þ �thu þ �fri þ "t.The columns under OLS show the
results obtained under OLS regression with hetroscedastic consistent standard errors, those under LAD the results of a Least Absolute
Deviation Analysis, and those under TLS those obtained under Iterative Trimmed Least Squares. The column headed adj t/f shows t and
F statistics adjusted for the number of data points under consideration.

Table 4. Results of non-parametric test for day of the week effect;
Kruskal-Wallis h test

Chi-square p-value

ISEQ 14.222 0.007
ISEQR 4.105 0.392
ISEFIN 15.337 0.004
ISEGEN 1.993 0.737

Table 5. Levene test for daily seasonality in risk

Levene statistic Df1 Df2 p-value

ISEQ 2.404 4 2773 0.048
ISEQR 2.145 4 2773 0.073
ISEFIN 1.083 4 2511 0.363
ISEGEN 1.782 4 2511 0.130

Note: H0: �i ¼ �j8i; j.

5 Residual diagnostics for the GARCH model specified indicate that it performs well, with little residual autocorrelation and no residual
ARCH effects. The sign and size bias tests also are as expected. Details are available on request.
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Wednesday were not due to chance. One could not, at 1%
reject the contention that the minimum daily seasonals
were due to chance. Only the (negative) Monday of
ISEFIN would be accepted at 5% – all other minima
may be due to chance. Similarly, the evidence for a seaso-
nal in risk is not strong. At 5% only the high Monday risks
of ISEQ and ISEQR are accepted – no risk seasonals are
accepted at 1%.

V. CONCLUSION

The evidence above may be summarized simply – there is
very weak evidence that indices of Irish quoted equities

exhibit daily seasonality, in either the mean or variance,
especially in the main stock market index ISEQ and the
financial sector index ISEFIN. Such evidence as it does
present is not stable across measurement techniques. This
evidence is therefore similar to Connolly (1989) and Easton
and Faff (1994) in some ways, showing the importance of
incorporating robust measures into the estimation of daily
seasonality. When such robust and non-parametric meth-
ods are used the evidence for daily seasonality, in risk and
returns, disappears almost to the point of vanishing. Thus
this article confirms the findings of more recent investiga-
tions into daily seasonality, finding that when the data are
extended into the 1990s and are examined using robust
methods measured seasonality disappears.
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