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This paper examines seasonality effects on both the return and volatility of a GARCH family model for 

the French CAC-40 daily index returns. Four calendar effects — day-of-the-week, turn-of-the-month, 

month-of-the-year and holiday effect — are simultaneously examined. We examine the changes in 

inferences that might occur when the error terms of descriptive models modeling volatility are specified 

under different error distributions: normal, Student’s-t, generalized error distribution and double 

exponential distribution. The usefulness of the in-sample significant estimated seasonality patterns for 

out-of-sample forecasts in return and volatility is also examined. We find that the few significant 

seasonality patterns in descriptive models, in the mean and conditional volatility equations, are sensitive 

to the underlying distributions of the error term. Additionally, the significant estimated effects are not 

useful in explanatory models and do not introduce predictive ability against the random walk model. 
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Introduction 

 

The existence of seasonality effects has been 

documented over the last three decades in the 

financial markets. These studies challenged the 

assumptions of the dominant theory (Efficient 

Market hypothesis) and suggested alternative 

explanations for possible regularities in prices 

both due to the behaviour of investors and 

institutional arrangements. However, various 

empirical studies have reported a decline on 

seasonality over time. Rationally, as these 

anomalies are relatively easy to exploit, if they 

were regular, predictable and had any economic 

significance after accounting for transactions 

costs it would be expected that they have 

weakened over time. Although not contradicting 

an enlarged efficient market view, the eventual 

seasonality effects, albeit statistically but not 

economically significant, could be due, for 

instance, to the higher transactions costs over the 

potential gain, the ex ante uncertainty on 

whether seasonality effects will materialize and 

external arrangements to the market. Yet, also 

the robustness of these significant effects 

remains a controversial issue either in the stock, 

foreign exchange and forward markets. 

Connolly (1989, 1991), after adjusting t-values 

for sample size with a Bayesian approach shows 

that evidence of day-of-the-week effects 

reported in earlier studies disappears. Chang et 

al. (1993) report that Connolly’s evidence holds 

for the U.S. and other international markets. 

Hsieh (1988) notes that evidence of the day-of-

the-week effect may be illusory if not properly 

accounting for the non-normality and volatility 

clustering observed for spot foreign exchange 

rate distributions. As such this paper is 

concerned with the “weak form efficiency”, i.e., 

whether asset prices reflect the past history of 

prices including seasonality effects.  

 

  

 The focus of the study is on the seasonal 

patterns in conditional mean and volatility 

equations subject to various error distributional 

assumptions.         

 

The robustness of seasonality effects is 

often called into question because many 

previous studies have generally ignored the 

econometric issues and based their analysis 

mainly on the results of Ordinary Least Squares 

method (OLS) which do not account for the 

stylized facts of financial time series (i.e. non-

normality and volatility clustering). The 

distribution of stock returns and hence the error 

term of regression models is also a key issue in 

examining the seasonality. If the true error 

distribution is considerably fatter-tailed than the 

normal, the distribution assumed in much of the 

previous papers, the null hypotheses of no 

seasonality effect is more likely to be rejected 

than the chosen significance level would 

indicate. Studies failing to take into account 

stylized facts of financial time series may report 

effects that do not exist. Fama (1965) suggest 

that the variance of returns might be infinite and 

best modeled by a stable paretian distribution. 

Blattberg and Gonedes (1974) and Jansen and de 

Vries (1991) argue that daily stock returns could 

be adequately modeled by a fat-tailed 

distribution such as the Student t-distribution. 

The time-varying volatility and volatility 

clustering are also stylized facts in daily stock 

returns. Much of the literature focuses on non-

linear models of the GARCH (General Auto-

Regressive Conditional Heteroscedasticity) 

family to explain the volatility (variance) of 

prices. Baker et al. (2008) report that using 

GARCH models to test for the day-of-the-week 

effect on both the mean and volatility are not 

suitable when it is assumed that the returns 

follow a normal distribution.    
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 Though evidence exists for the main 

seasonality effects for the mean returns, only 

limited evidence exist for similar effects on 

conditional volatility. Berument and Kiymaz 

(2001) test for the day-of-the-week effect on 

conditional volatility for the S&P 500 index 

assuming a GARCH specification with a normal 

distribution for stock returns. They show that 

volatility varies by the day of the week with the 

highest volatility observed on Fridays. Likewise, 

using a similar framework with a normal 

distribution, Kiymaz and Berument (2003) test 

for the day-of-the-week effect on mean, 

volatility and transaction volume for the major 

global stock markets indexes and find that the 

effect is present in both return and volatility 

equations. Choudhry (2000) provides evidence 

of the day-of-the-week effect in emerging Asian 

countries using a GARCH model that assumes 

the error distribution follows a conditional 

Student-t density function. Baker et al. (2008) 

using a GARCH specification report that the 

day-of-the-week effect in both mean and 

volatility for the S&P/TSX composite price 

index from the Toronto Stock Exchange is 

sensitive to the error distributional assumptions. 

        

The purpose of this paper is to 

simultaneously examine a range of seasonality 

effects in both the mean and conditional variance 

in the CAC-40 stock return index subject to 

various error distributional assumptions. The 

study makes a distinction between descriptive 

and explanatory study. The first part involves a 

descriptive study in which the interest is in 

determining the evidence about seasonal 

patterns in the mean and conditional variance. 

The second part involves an explanatory study 

where the intention is to predict future mean and 

return volatility.  

 

 

 

The seasonality patterns could manifest 

itself in the estimation period but they should be 

considered important only if its inclusion in the 

model result in better forecasts. To account for 

autocorrelation, non-normality and volatility 

clustering, we use an AR(K)-EGARCH(p,q) 

model under normal as well as three additional 

error distributions that are fatter-tailed than the 

normal to accommodate the stylized facts in 

financial time series: Student-t, generalized error 

distribution (GED) and double exponential error 

distribution (DED). This allows us to test for the 

robustness of seasonality effects to error 

distributional assumptions in both the 

conditional mean and volatility. Our general null 

hypothesis is that the various seasonality effects 

are robust to error distributional assumptions in 

both returns and conditional volatility.  

 

This study contributes to the literature in 

two ways. First, we consider at the same time 

various seasonality effects in both the mean and 

conditional volatility using several error 

distributional assumptions. Second, we consider 

the descriptive study separated from the 

predictive study using a non-overlapping sample 

for each analysis. If there are seasonality patterns 

in the mean and/or variance they should be 

considered important only if its inclusion in the 

explanatory model result in better forecasts. The 

framework analysis used in this study is similar 

to that used by Baker et al. (2008). However, 

these authors only provide a descriptive study, 

analyze only one seasonality effect and do not 

perform an explanatory study on the usefulness 

of the significant in-sample seasonal patterns for 

forecasting returns and volatility. The findings 

show that the few significant seasonality patterns 

in descriptive models, in the mean and 

conditional volatility equations, are sensitive to 

the underlying distributions of the error term.  
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Also, the significant estimated 

seasonality effects are not useful for forecasting 

purposes and do not add predictive ability 

against the random walk model. 

 

The paper is structured as follows. 

Section 2 reviews the literature of seasonality 

effects in mean return and conditional volatility 

under alternative error distributional 

assumptions. In Section 3 we provide a 

description of the data series, we analyse their 

distributional features and statistical tests for the 

homogeneity of the means and variances are 

conducted. In Section 4 we start by estimating an 

OLS model with the various seasonality effects 

to examine the evidence of significant patterns. 

Then an AR(K)-EGARCH(1,1) model with the 

various seasonality effects in the mean equation 

is estimated under alternative error distributions 

and an analysis of sensitivity of inferences is 

carried out. In Section 5 an AR(K)-EGARCH 

(1,1) model with seasonality effects included in 

the mean and conditional volatility equations are 

estimated and an analysis of sensitivity of 

inferences to alternative error distributions is 

conducted on the two equations. In section 6 we 

analyse the usefulness of the significant 

estimated seasonality effects, in the return and 

conditional volatility equations of the above 

descriptive models, to forecast out-of-sample the 

return and volatility.  Finally, section 6 presents 

a summary and conclusions. 

 

 

 
 

                                                           
4 There is a difference between the weekend and the day-of-the-

week effects. In the former, stocks exhibit lower returns between 

Friday and Monday closing (Agrawal and Ikenberry, 1994; 

Wang et al., 1997). In the second, returns on some trading days 

of the week are higher than others (Chang et al., 1993; Kamara, 

1997; Chang et al., 1998). 

 

 

Literature Review 

 

The most common seasonality effects in 

financial markets are the January effect (also 

termed turn-of-the-year or month-of-the–year 

effect).  

 

The weekend and day-of-the-week 

effects4; the turn-of-the-month effect (or the 

monthly effect) and the holiday effect. The 

literature contains many studies on the above 

cited effects on the mean returns. A number of 

hypotheses have been put forward to explain the 

presence of such seasonality.  

 

 The January effect refers to the higher 

returns in January reported by many researchers 

in various markets (Gultekin and Gultekin 1983; 

Arsad and Coutts 1997; Mehdian and Perry 

2002; Al-Saad and Moosa 2005). Initially 

Rozeff and Kinney (1976) and Keim (1983, 

1986) found this effect to be particularly large 

for returns on small stocks using returns from US 

stock portfolios. For the US market, the most 

popular explanation for higher January returns is 

the tax-loss selling hypothesis associated with 

the payment of tax bills each December (end of 

the (US) financial year): investors sell stocks 

with losses in December to qualify for a tax-loss 

and then invest the available funds in January. 

Several papers found empirical support for the 

tax-loss selling hypothesis (Dyl and Maberly 

1992; Griffiths and White 1993; and Agrawal 

and Tandon 1994)5.  

 

 

5 Alternative explanations for the January effect exist. Odgen 

(1990) argues that the effect stems from seasonal cash received 

by investors. Miller (1990) suggest that year-end time pressures 

cause investors to postpone purchases until January, while sales 

in December are more likely for tax-loss reasons and because 

deciding to sell stock already owned takes less time than deciding 

what new stocks to buy. Lakonishok et al. (1991) report evidence 

consistent with the hypothesis that institutions often sell their 

losers in December to window-dress their end-of-year reports. 
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The January effect has also been found in 

other countries. In a study of the stock markets 

in 17 major industrialized countries over the 

period 1959-79, Gultekin and Gultekin (1983) 

found that significant differences in the month-

to-month mean returns were present in 12 

countries.  

 

The day-of-the-week effect, initially 

studied in US markets (French 1980; Gibbons 

and Hess 1981), refers to the finding that 

Monday returns are, on average, negative and 

lower than for the rest of the week. A number of 

studies have focused on and reported evidence 

on the day-of-the-week effect (see, for example, 

among others, Jaffee and Westerfield 1985; 

Thaler 1987; Agrawal and Ikenberry 1994; 

Arsad and Coutts 1997; Keef and Roush 2005). 

An explanatory hypothesis is that more stocks go 

ex-dividend on Mondays, thereby lowering 

prices and returns. Some have suggested that 

stock returns could be lower on Mondays if firms 

typically wait until weekends to release bad 

news. Other work casts some doubt on the 

robustness of the weekend effect. Connolly 

(1989) argues that previous findings depend 

heavily on the assumption that returns are 

normally distributed with a constant variance. 

Using estimators that are robust with respect to 

violations of these assumptions, he finds much 

weaker evidence of a weekend effect, 

particularly after 1975. Chang et al. (1993), 

using procedures similar to Connolly, also report 

little evidence of an effect for a portfolio of 

larger companies' stocks for the period 1986 to 

1990. Some recent studies have also shown a 

decline in the Monday effect in the US markets 

(Chen and Singal 2003; Marquering et al. 2006).  

 

 

 

 

                                                           
Seasonality in profit announcements and tax deadlines 

hypotheses are also suggested. 

 

The turn-of-the-month effect (TOM), 

first reported by Ariel (1987) in US markets, is 

the concentration of positive stock returns in the 

last trading day and the first nine trading days of 

each month. Various explanations have been put 

forward: a portfolio rebalancing, a month-end 

cash flow and company announcement 

hypotheses. Ariel could not account for this 

effect by the turn-of-the-year effect, dividend 

patterns, or higher return volatility at the 

beginning of months. He suggests systematic 

purchasing by pension funds at the turns of 

months as a possible explanation. Ogden (1990) 

attributes the effect to the temporal pattern of 

cash received by investors, while Jacobs and 

Levy (1988) attribute it to investors' desires to 

postpone decisions until the beginnings of 

periods. Kunkel et al. (2003) carried out an 

extensive study of this effect in major global 

stock markets. They examine the evidence of the 

TOM pattern in 19 country stock market indices 

and found that the 4-day turn-of-the-month 

period accounts for 87% of the monthly return, 

on average, across countries, in the equity 

markets of 15 countries where this pattern exists.  

 

The holiday effects allow the mean 

returns to be different on the day before a holiday 

and the day after. The pre-holiday effect is also 

associated with Ariel (1990). He reports that 

returns on days before such standard holidays as 

Christmas or Labour Day have been about 10 

times the return on other days. Pettengill (1989) 

also reports evidence of high returns on pre-

holidays. Lakonishok and Smidt (1988) report 

similar evidence over a much longer time period. 

Kim and Park (1994) also find higher pre-

holiday mean returns for U.K. and Japanese as 

well as U.S. stocks, and that the effect in the first 

two was independent of the US markets.  
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Vergin and McGinnis (1999) examined 

the pre-holiday effect and found that this effect 

has disappeared for large firms but persists for 

small firms, though on a scale unlikely to exceed 

transaction costs. Thus, the gathered evidence 

for holiday effects suggests that higher than 

normal returns occur before a holiday, because 

of increased activity, and lower returns after the 

holiday. However, in recent years, the evidence 

for these effects has diminished. 

 

Although the focus of the above studies 

has been the seasonal pattern in average returns, 

many empirical studies have investigated the 

behavior of the stock price series in terms of 

volatility using variations of GARCH models 

(French et al. 1987; Baillie and DeGennaro 

1990; Nelson 1991; Glosten et al. 1993).  French 

et al. (1987) examine the relationship between 

prices and volatility and report that the 

unexpected returns are negatively related to 

unexpected changes in volatility. Nelson (1991) 

and Glosten et al. (1993) report that positive 

(negative) unanticipated returns result in 

reduction (increase) in conditional volatility. 

Baillie and DeGennaro (1990) do not report 

evidence of a relationship between the average 

returns on equity portfolios and the variance of 

these returns. Corhay and Rad (1994) and 

Theodossiou and Lee (1995) investigated the 

behaviour of stock market volatility and its 

relationship to expected returns for major 

European stock markets. They found no 

relationship between stock market volatility and 

expected returns. However, none of the above 

studies investigated seasonal patterns in stock 

market volatility. Although there is a wide range 

of studies examining the seasonality patterns in 

average returns a limited set of studies examine 

these effects in the conditional volatility.  

 

 

 

Fama (1965) reported the earliest 

evidence that the mean and variance of return 

distributions vary by day of the week. Ho and 

Cheung (1994) found that stock return variances 

of several Asia-Pacific markets are 

heterogeneous across days of the week.  

Berument and Kiymaz (2001) showed that 

volatility varies by day of the week in the S&P 

500 index. Their study assumes a GARCH 

specification under a normal distribution in the 

errors. Kiymaz and Berument (2003) examined 

the day of the week effect on the mean, 

conditional volatility and transaction volume in 

major global equity indices assuming a GARCH 

specification under a normal error distribution. 

They found evidence of variation in return 

distributions by day of the week. Choudhry 

(2000) uses a GARCH specification where the 

error term follows a conditional Student-t 

distribution and finds evidence of the day of the 

week effect in mean and conditional variance for 

seven Asian emerging equity markets. Baker et 

al. (2008) examine the day of the week effect in 

both the mean and volatility in the S&P/TSX 

composite price index from the Toronto Stock 

Exchange using a GARCH specification under 

various error distribution assumptions. They find 

that the effect is sensitive to the error 

distributional assumptions.  

 

Some empirical studies show that the 

financial time series have fatter tails than the 

normal distribution and exhibit volatility 

clustering. However, almost all previous studies 

ignore these stylized facts and uses standard 

methods such as ANOVA to test for equality of 

means or F and t tests on OLS regression with 

dummy variables to test for significance of the 

seasonality effects. This casts doubt on the 

reliability of results given that normality is one 

of the basic assumptions of these tests.  
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In this paper we allow for time varying 

conditional volatility and we consider at the 

same time a range of seasonality effects in the 

return and conditional variance equations on the 

regression analysis. We examine the 

robustness/instability of seasonality effects in 

models specified under different error 

distributions and also consider descriptive 

separated from explanatory models. 

 

Data and Initial Statistical Tests 

 

The data employed in this study are daily closing 

prices from the French stock market over the 

estimation period December, 3, 1990 to 

December, 30, 2009. The long-term market 

index was obtained from the Paris Stock 

Exchange - Euronext Paris. We use the CAC-40 

index which is the main index and is based on 40 

of the largest companies in terms of market 

capitalization. The constituent stocks of the 

index are the 40 most representative stocks in 

term of free-float adjusted capitalisation and 

turnover and the weighting scheme of the index 

is based on free-float adjusted market 

capitalisation. In the Euronext - Paris the index 

is available in terms of “net return” and “total 

return”, where the later incorporates a special 

“avoid fiscal” tax credit which takes into account 

the reinvestment of ordinary gross amount of 

dividends declared by companies in the index. 

For comparability with other studies our analysis 

is based on the “net return” index. The series of 

daily market returns are calculated as the 

continuously compounded returns where: 

 

100)./( 1 ttt PPLnr                 

 

tr  is the daily return in day t  and tP  is the index 

level at the end of day t .  

 

 

 

Table 1 reports sample statistics for the 

CAC-40 return series over the full period and 

two sub periods related to the pre and 

introduction  (December, 3, 1990 to December, 

28, 2001) and post introduction period of the 

euro (January, 3, 2002 to December, 31, 2009). 

Table 1 contains statistics testing the null 

hypotheses of independent and identically 

distributed normal variates. The descriptive 

statistics for the index return series are, among 

others, the mean, standard deviation, skewness, 

excess kurtosis, first three-order autocorrelation 

coefficients, and the Ljung-Box Q(10) for the 

standardized residuals and the squared 

standardized residuals. 

 

There is strong evidence, in all periods, 

against the assumption that returns are normally 

distributed. The evidence indicates significantly 

fatter tails than does the stationary normal 

distribution for each period. The skewness 

coefficient rejects the symmetric distribution 

null hypothesis only in the first sub period. The 

Jarque-Bera statistic and the comparison of the 

empirical distribution (Lilliefors statistic) with 

the theoretical one also reject the null hypothesis 

of normality of daily returns. The independence 

assumption for the T  observations in each 

period is tested by calculating the first three 

order autocorrelation coefficients. Using the 

usual approximation of T/1  as the standard 

error of the estimate, the statistics for the full 

period reject the second and third order zero 

correlation null hypothesis at the 5 and 1% level. 

Although not reported here, the autocorrelation 

function (ACF) from lag 1 to lag 40 in full period 

shows some small but significant 

autocorrelations at the 5% level. In the first ten 

lags the returns exhibit, mostly, negative 

autocorrelation. These significant coefficients 

are likely a result of the nonsynchronous trading 

effect.  
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The Ljung-Box Q(10) statistic for the 

cumulative effect of up to tenth-order 

autocorrelation in the standardized residuals 

exceeds the 1% critical value from a 2

10  

distribution for all three periods. The Ljung-Box 

Q(10) statistic on the squared standardized 

residuals provides us with a test of intertemporal 

dependence in the variance. The statistics for all 

three periods reject the zero correlation null 

hypotheses. That is, the distribution of the next 

squared return depends not only on the current 

return but on several previous returns. These 

results clearly reject the independence 

assumption for the time series of daily stock 

returns. Finally, Augmented Dickey-Fuller and 

Phillips-Peron tests reject the null hypothesis of 

a unit root and we conclude that the CAC-40 

returns series over the full period and sub periods 

is stationary and suitable for a regression-based 

analysis.  
 

 

Table 1 
 

 

 JB test: Jarque-Bera test for a normal 

distribution. Empirical Distribution Test is a 

goodness-of-fit test that compares the empirical 

distribution of daily returns with the normal 

theoretical distribution function. The value 

reported is the Lilliefors statistic.  , ,     are the 

first three autocorrelations coefficients. 

Asterisks indicate significance at the 10%*, 

5%** and 1% *** levels.  

 The ADF test reported is performed with 

an intercept and an optimal lag structure 

according to the Akaike Information Criteria. 

 

         At a first stage we use parametric and 

nonparametric tests to examine for the existence 

of differences in average returns and volatility 

within returns categories of seasonality effects. 

Since the statistics in Table 1 show a non-normal 

distribution, the Brown and Forsythe (1978) test 

is used to test for the equality of variances which 

is robust to departures from normality. Although 

we could have used the Levine test , the Brown-

Forsythe test is more robust when groups are 

unequal in size and the normality and equal 

variances are not verified. This test estimates 

whether more than two groups are 

homoscedastic. The Brown and Forsythe test 

statistic is the F statistic resulting from a one-

way analysis of variance on the absolute 

deviations from the median.  

 

             Let   be the   th observation in the   th 

group and let   be the sample median for the   th 

group, and let Brown and Forsythe’s test is to 

reject the null hypothesis of equal variances 

between groups if  .   represents the quantile of 

order   of distribution   and   the level of 

significance of the test. To test for equality of 

mean returns across return categories of 

seasonality effects we use the Welch (1951)’s 

ANOVA modified F-test which accounts for the 

unequal variances, the standard ANOVA F-test 

and the nonparametric Kruskal-Wallis (KW) 

test. The test statistics for equality of means and 

variances are reported in Table 2.  

   

          Regarding tests for the homogeneity of the 

variance this statistic reveals significant 

differences across all seasonality effects. 

 

 

 

Statistics Full period First sub-period 
Second sub-

period 

Observations 4822 2774 2048 

Mean  0.0274  0.045263 0.0032 

S. deviation 1.4166  1.2815  1.5814 

Minimum -9.471 -7.6781 -9.4714 

Maximum 10.594 6.8080  10.594 

Skewness -0.0392 -0.1862*** 0.0835 

Kurtosis  7.8770***  5.2685***  8.8815*** 

JB test 4780*** 610***  2954*** 

Empirical Distribution Test 0.0574*** 0.0371*** 0,0783*** 

1r  -0,015 0.035* -0,059*** 

2r  -0,032** -0,039** -0,026 

3r  -0,062*** -0,036* -0,086*** 

)10(Q Standardized Residual 56,04*** 23,86*** 65,327*** 

)10(Q Squared Standardized 

Residual 
2453,6*** 362,98*** 1326,2*** 

ADF unit root test -11.45*** -21.17*** -7,99*** 

P-P unit root test -70.89*** -50.88*** -48,79*** 
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Table 2 

 

Asterisks indicate significance at the 10%*, 

5%** and 1%*** levels. Sample period spans from 

Monday 3 December 1990 to Friday 30, December 

2009. The test for equality of variances is the Brown-

Forsythe (1974) test. The test statistics for the 

equality of means are the Welch (1951)’s modified 

ANOVA F-statistic, the ANOVA F-statistic and the 

Kruskal-Wallis statistic. 

    

Regarding tests for the equality of means, we 

cannot reject the identical mean null hypothesis 

throughout days of the week and months of the year. 

For these two effects the results in the parametric and 

non-parametric statistics are consistent. For the TOM 

effect test results suggest that differences in means 

are significant at 5% in the Welch F-test and 

significant at the 1% level in the other two tests.  

 

 

Regarding the holiday effect, results 

provided by parametric and non-parametric tests are 

consistent, suggesting that mean returns are 

significantly different at the 1% level across the three 

return categories. In sum, the Brown-Forsythe test 

rejects the homogeneity of volatility in all seasonality 

effects and the tests for the equality of means suggest 

differences in means returns in the TOM effect and 

across return categories of holiday effect.   

 

Seasonality Patterns in Mean Return with 

Different Distributional Assumptions 
 

We consider at the same time the various seasonality 

effects and we start by estimating the effects in the 

following return equation using the OLS method:  

 

 

   
Where tr  is the return on day t , iD  is a 

dummy variable taking a value of one for day i  and 

zero otherwise (where 4,3,2,1i ) and the reference 

category is Monday, jM  is a dummy variable taking 

a value of one for month j  and zero otherwise (

11,...,2,1j ), the reference category is January, TOMD  

is a dummy variable for the TOM period taking a 

value of one for TOM trading days and zero 

otherwise, teHPr  and tPostH  are dummy variables 

taking a value of one for a trading day preceding 

(following) a public holiday, respectively, and zero 

otherwise, mtr   is the lagged return of order m  and 

t  is the random error term of the regression assumed 

to be independently normally distributed with a zero 

mean and constant variance. Each coefficient of the 

regression is interpreted as follows. The intercept 

term, 0 , is the mean return on a Monday in January, 

not included in the TOM period and which is not 

immediately before or after a public holiday. We 

interpret each coefficient for the dummy variables as 

its relative excess return to the intercept term. Eq.(4) 

attempts to simultaneously take into account all the 

above suggested seasonality patterns and allows 

partial tests of interactions between effects.     

 

 We base the choice of the lag length ( k ) on 

the lowest Akaike information criterion (AIC). To 

remove the linear dependence in the return series we 

estimate an autoregressive model AR( k ) that 

minimizes the AIC. Then we estimate eq.(4) with this 

lag length and retest the resulting residuals from this 

equation for possible non-captured linear 

dependence. Lo and Mackinlay (1990) show that the 

non-synchronous trading causes linear dependence in 

the observed index returns but this effect is much less 

pronounced in price indices constituted by very 

liquid stocks. The Akaike’s criterion suggests an 

autoregressive model of order 5 to estimate the 

returns series.  

Seasonality 

effect 

Number 

of 

categories 

Tests of 

equality of 

variances: F-

statistic 

Tests of equality of means 

Welch F-

statistic 

ANOVA F-

statistic 

KW 

statistic 

Day-of-the-

week 
5 2,8798** 0,3826 0,3890 0,6443 

Month-of-the-

year 
12 4,7365*** 0,9491 0,9692 9,8199 

Turn-of-the-

month 
2 5,0989** 6,5179** 6,6609*** 9,4670*** 

Holiday  3 4,2548** 10,0514*** 5,9142*** 14,1847*** 
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Figure 1 
 

Eq.(4) assumes that residual terms are 

normally distributed with a constant variance. 

The estimated coefficients, the standard errors of 

the parameters and diagnostic statistics of eq.(4) 

are reported in Table 5. Table 5 only reports 

variables whose coefficients are significant. The 

standard errors of the OLS regression are 

corrected by the autocorrelation and 

heteroskedasticity consistent covariance 

estimator of Newey–West. As expected, due to 

the stylized facts of financial time series 

assumptions of normality and constancy of 

variance are rejected by the Jarque-Bera and the 

ARCH LM tests. The result from the ARCH LM 

test statistic indicates a time varying conditional 

heteroscedasticity in the CAC-40 daily index 

returns. The cumulative effect of autocorrelation 

coefficients of residuals up to twentieth–order is 

insignificant. However, Ljung-Box statistics for 

the cumulative effect up to thirtieth and fortieth-

order autocorrelation in the residuals are 

significant indicating that the AR(5) model is not 

able to capture linear dependence at  high lagged 

orders in the return series. Figure 1 shows the q-

q plot of the standardized residuals of Eq.(4).  

                                                           
6 The Student-t, GED and DED are heavy-tailed distributions 

with positive excess kurtosis relative to a normal distribution, 

which has excess kurtosis of 0. Excess kurtosis is )4/(6 df , 

where df degrees of freedom, for the Student-t distribution and 

Fig. 1 also rejects the normality 

assumption and shows that the tails of the 

residuals of OLS regression are fatter than the 

normal distribution.  

 

 Since the null hypothesis of no ARCH 

effects in residuals of OLS regression is rejected, 

we examine the effect of assuming a time 

varying variance in seasonality patterns. We 

estimate Eq.(4) with a GARCH-type model with 

only the dummy variables in the conditional 

mean equation. We chose the best GARCH type 

model from the GARCH(p,q), TGARCH(p,q) 

and EGARCH(p,q) variations that best fit the 

daily index returns on the basis of Maximum 

Loglikelihood and AIC criteria, where p and q  

are the lag orders of the residuals and conditional 

variance in the variance equation. Empirical 

studies modeling the conditional volatility with 

GARCH type models generally assume a normal 

error distribution. As figure 1 shows the tails of 

the residuals of OLS regression are fatter than 

the normal distribution and it becomes 

appropriate to use a distribution with fatter tails. 

To capture fatter tails in the return series we use 

three distributions proposed by Nelson (1991) 

that better fit financial time series - Student – t, 

GED and DED6 error distributions.  

 

Thus, we analyze how the choice of error 

distribution affects seasonality patterns. Baillie 

and Bollerslev (1989) show that a GARCH (1,1) 

model provides a parsimonious fit for stock 

return series. Based on the selection criteria we 

chose an EGARCH (1,1) model after examining 

alternative models and combinations such as 

GARCH (1,1), GARCH (1,2), TGARCH (1,1), 

TGARCH (1,2) and EGARCH (1,2).  

3 for DED. For the GED distribution, the value of the shape 

parameter determines the thickness of the tail. When this 

parameter has a value less than 2, the distribution is thick tailed. 

When the values are 1 and 2, the result is DED and Normal 

distribution, respectively.        
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      Based on the leverage effects noted in 

Black (1976) and French et al. (1987), Nelson 

(1991) proposed the exponential GARCH (1,1) 

model 

 

 
In this formulation the conditional 

variance is an exponential function of the 

previous conditional variance and standardized 

unexpected return.  

 

If 0 , then conditional volatility tends 

to increase (decrease) when the absolute value of 

the standardized unexpected return is 

larger(smaller). A positive   represents the 

empirical observation that large (small) price 

changes tend to follow a large (small) price 

change.  

 

This is volatility clustering. An 

asymmetric effect occurs when an unexpected 

decrease in price resulting from bad news 

increases volatility more than an unexpected 

increase in price of similar magnitude, following 

good news.  

 

This phenomenon has been attributed to 

the “leverage effect”: bad news lowers stock 

prices, increases financial leverage, and 

increases volatility. If 0 , then conditional 

volatility tends to rise (fall) when the 

standardized unexpected return is negative 

(positive). Thus, this specification is expected to 

capture a large amount the skewness and 

leptokurtosis.  

 

 

 

 

 

  The estimated coefficients and standard 

errors of the parameters in the mean and 

conditional volatility equations of the 

EGARCH(1,1) model for the normal, Student´s 

t, GED and DED error distributions are reported 

in Table 3. Several relevant observations emerge 

from the results in Table 3.  

First, our evidence supports the existence 

of the TOM effect with TOM trading days 

having a significantly higher average daily 

return. For the EGARCH (1,1) model with a 

normal error distribution, the average return for 

the TOM trading days is 0.12% higher than that 

for non-TOM trading days and the average daily 

return on trading days in this period is not 

significantly different from zero.  

The excess average return of TOM 

trading days is significant at the 1% level. The 

results also support the existence of the holiday 

effect. When compared to ordinary trading days 

(days that do not precede or follows a holiday), 

the excess average return in the pre-holidays is 

0.29% higher while for the post-holidays the 

excess average return is 0.31% higher being 

these excess returns significant at the 1% level. 

The EGARCH with DED distribution also 

reports that the average return on August differs 

significantly from January at the 10% level and 

is about 0.10% less and the average return in 

January is not statistically different from zero.  

Except for the DED distribution that 

reports a significant difference in average returns 

in August there is no reliable evidence to suggest 

the existence of the day-of-the-week or month-

of-the-year effects. 
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Table 3 

 

          This table reports results of the 

EGARCH(1,1) for the normal, Student’s –t, 

GED and DED error distributions. The estimated 

model is the AR(5)-EGARCH(1,1) with the day-

of-the-week, month-of-the-year, TOM and 

holidays effects only included in the mean 

equation. Table only reports dummy variables 

with significant coefficients. *, **, ***  

Statistically significant at the 10%, 5% and 1% 

level, respectively. 

 

 Thus, the reported significant effects of 

the TOM and holiday effects in the mean 

equation are not very sensitive to assumptions 

about the distribution of errors.  

 

 

 TOM and holiday effects are significant 

in all error distributions despite the magnitude of 

their coefficients vary and average daily return 

on pre-holiday being significant at 1% level 

under the normal but are significant at 5% level 

under the Student’s t and GED distributions. In 

general, given results in Table 5, the examined 

seasonality effects do not depend on the 

assumptions of the error distributions. The 

significant effects shown under normal 

distribution tend to be robust under the other 

error distributions. However, there is the 

question of which of the four error distributions 

is more appropriate to capture the stylized facts 

of financial time series with seasonality effects 

included. To answer this question we examine 

which of the four EGARCH models best fits the 

data series. Although not shown, the q-q plots of 

standardized residuals of the four distributions 

show a better fit of distributions with fatter tails 

(Student's t and GED).  

 

 Since these plots do not help determine 

the best model, we make the decision based on 

the two model selection criteria: Maximum Log-

Likelihood and AIC. Table 5 indicates that the 

two model selection criteria choose the model 

with a Student-t error distribution. The second 

best model is the GED distribution followed by 

the model with the normal distribution. The 

EGARCH model with the DED error 

distribution is the one with the worst fit to the 

data series. Thus, these results suggest that 

examining seasonality patterns, individually or 

jointly, assuming a normal error distribution 

may be inappropriate.  

 

 

 

 

 

 

 

 

OLS 

EGARCH(1,

1) with 

normal error 

distribution 

EGARCH(1,1

) with 

Student´s t 

error 

distribution 

EGARCH(1,1

) with 

generalised 

error 

distribution 

EGARCH(1,1

) with double 

exponential 

error 

distribution 

 Coef

ficie

nt 

Std. 

Error 

Coeff

icient 

Std. 

Error 

Coeffi

cient 

Std. 

Error 

Coeff

icient 

Std. 

Error 

Coef

ficie

nt 

Std. 

Error 

Mean 

equation 
          

           

August - - - - - - - - 

-

0,10

09* 

0,057

3 

TOM 

0,13

73*

* 

0,05

48 

0,116

4*** 

0,044

9 

0,095

1*** 

0,036

6 

0,1032

*** 

0,037

1 

0,08

73**

* 

0,031

0 

Pre-

Holiday 

0,35

75*

** 

0,10

73 

0,296

5*** 

0,112

7 

0,306

7** 

0,142

8 

0,294

1** 

0,138

2 

0,27

74**

* 

0,098

0 

Post-

Holiday 

0,28

51*

* 

0,13

57 

0,315

2*** 

0,123

7 

0,316

1*** 

0,102

7 

0,320

4*** 

0,104

0 

0,32

13**

* 

0,088

8 

           

Variance 

Equation 
          

Constant - - 

-

0,078

2*** 

0,020

0 

-

0,087

7*** 

0,009

4 

-

0,082

1*** 

0,008

3 

-

0,08

07**

* 

0,012

8 

  - - 
0,107

7*** 

0,025

1 

0,117

4*** 

0,012

2 

0,111

3*** 

0,011

0 

0,12

11**

* 

0,018

9 

  - - 

-

0,072

0*** 

0,011

1 

-

0,075

7*** 

0,007

6 

-

0,072

3*** 

0,007

1 

-

0,07

92**

* 

0,011

9 

  - - 
0,984

6*** 

0,002

6 

0,986

2*** 

0,002

4 

0,985

5*** 

0,002

4 

0,98

69**

* 

0,003

5 

           

Diagnosti

c 

statistics 

          

2R  
0,01

64 
- 

0,011

5 
- 

0,011

9 
- 

0,011

9 
- 

0,01

14 
- 
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 In this study, however, allowing for time 

varying conditional variance of the errors in the 

four distributions, all models detect the existence 

of the TOM and holiday effects that are 

consistent in terms of significance with those 

obtained in the preliminary analysis of equality 

of means in Table 2 and consistent in the signal, 

significance and magnitude with those obtained 

in OLS regression. 

 

          The results of diagnostic tests in Table 3 

show that the EGARCH specification using the 

four error distributions reduces the intertemporal 

dependence in the standardized residuals and 

squared standardized residuals. The Ljung-Box 

statistics up to lag 40 do not reject the null 

hypothesis of zero autocorrelation coefficients. 

The ARCH LM test up to lag 20 is not 

significant, indicating that the four EGARCH 

models are successful in modeling the 

conditional volatility.  

 

          The Jarque-Bera test for normality rejects 

the null hypothesis that the standardized 

residuals are normally distributed, indicating 

that none of the four models are able to capture 

most of leptokurtosis present in the data series. 

For the four models the coefficient on the natural 

logarithm of the lagged conditional variance, , is 

significantly positive and smaller than one. 

Cross-sectionally, magnitudes of this coefficient 

are similar and indicate a long memory 

(smoothing) in the conditional variance. The 

hypothesis that   is confirmed in all models at the 

1% level, supporting the existence of volatility 

clustering. Finally, the hypothesis that   for a 

leverage effect is evidenced by all models in 

magnitude and statistical significance. 

 

 

 

 

 

Seasonality Patterns in Mean Return and 

Conditional Volatility with Different 

Distributional Assumptions 

 

To test for the day-of-the-week, month-of-the-

year, turn-of-the-month and holiday effects in 

volatility, we introduce the corresponding 

dummy variables into the mean and conditional 

variance equations of EGARCH(1,1) (6) 

 

 Where the dummy variables and 

parameters of the EGARCH conditional 

variance equation are defined as previously. 

Each coefficient of the dummy variables in the 

conditional variance equation is interpreted as 

follows. The intercept term,  , is the mean 

volatility on a Monday in January, not included 

in the TOM period and which is not immediately 

before or after a public holiday. Each coefficient 

for the dummy variables is interpreted as its 

relative excess volatility to the intercept term.  

 

          Table 4 reports results from the estimation 

of the EGARCH(1,1) model with dummy 

variables included in the mean and conditional 

variance equations for normal, Student’s t, GED 

and DED error distributions. The results show 

that some effects of seasonality in conditional 

mean and variance are sensitive to the 

assumption of the distribution. Similar to the 

results reported in Table 3, our evidence 

supports the presence of the TOM effect. For the 

normal distribution the average daily return in 

the TOM trading days is about 0.11% higher 

than that in the non TOM-trading days whose 

average return is not significantly different from 

zero. This pattern is shown in the other error 

distributions with a similar magnitude in the 

coefficients. The results also support the 

existence of the holiday effect.  

            

 

 



626 

Article                                                                                                        ECORFAN Journal-Mexico 

OPTIMIZATION                                                               December 2012 Vol.3 No.8 613-632 
 
 

 ISSN-Print: 2007-1582- ISSN-On line: 2007-3682 

ECORFAN® All rights reserved. 

 

Monteiro J. Sensitivity of seasonality effects on mean and conditional volatility to 

error distributional assumptions: evidence from French stock market. ECORFAN 

Journal-Mexico 2012, 3-8: 613-632 

          In the normal distribution the average 

daily return in the pre-holiday and post-holiday 

is higher by 0.25% and 0.31%, respectively, 

when compared to the average daily return in the 

other trading days where the average is not 

significantly different from zero. These 

significant effects are also shown in the other 

error distributions. The DED distribution reports 

that the intercept term is positive and significant 

at 5% level and the average daily return in 

August is lower by 0.13% compared to the 

average return in January. Except for the above 

significant terms reported by the DED error 

distribution there is no evidence of the day of the 

week and month of the year effects in the 

remaining error distributions. TOM and holidays 

effects in the mean equation are sensitive to the 

assumption about the underlying distribution. 

Specifically, assuming a normal distribution, the 

average return in the TOM trading days is 

significant at the 5% level, being however 

significant at the 1% level in fatter distributions 

as evidenced by the GED and DED. 

Additionally, the average return in pre-holiday 

days is significant at 5% under the normal and 

Student-t distributions but it is significant at 10% 

and 1% under the GED and DED distributions, 

respectively, with a considerable variation in the 

magnitude of the coefficients. Concerning the 

post-holiday trading day, the average return is 

significant at the 5% level under the normal but 

is significant at the 1% level under the Student-

t, GED and DED distributions. Thus, in the mean 

equation there is instability in the significance 

level and in the coefficient estimate magnitudes.  

 

          For the conditional volatility equation, the 

significant estimated seasonality effects are also 

sensitive to the error distribution assumed in the 

model.  

 

 

 

 

           The presence of the day of the week effect 

with significant coefficients under all error 

distributions and the holiday effect (post-

holiday) is evident only under the Student-t 

distribution.  

           

           Under the normal distribution the 

variance dummy variable for Tuesday and 

Friday is significant at the 5% level and the 

average volatility in these two days is 0.38 and 

0.27 lower than the average volatility on 

Monday, after controlling for the persistence 

effect, volatility clustering and the asymmetry 

effect in the volatility equation. When we 

consider the Student-t distribution, the variance 

dummy variable for Tuesday and Friday remains 

significant but changes occur in the significance 

level and magnitude of the estimated 

coefficients. In this case Tuesday dummy 

variable is significant at the 1% level. Under this 

distribution the post-holiday variance dummy 

variable also reveals significant at the 10% level 

and the average volatility in this trading day is 

0.15 higher than the average volatility on trading 

days not preceding or following public holidays. 

For the model with GED distribution the 

variance dummy variables for the Tuesday, 

Thursday and Friday are significant at the 1, 10 

and 5% level and are, respectively, 0.35, 0.16 

and 0.26 lower than average volatility for 

Monday. Concerning the model with the DED 

distribution only the variance dummy variable 

for Tuesday revealed significant at the 1% level 

and the volatility is 0.34 lower than the average 

volatility on Monday.  

 

          A striking result occurs in the DED 

distribution where the estimation process 

provides the more efficient parameter estimates 

(lowest standard errors) for the mean equation 

and, simultaneously, the less efficient estimates 

(highest standard errors) for the conditional 

variance equation among all error distributions.  
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          In the preliminary analysis for variance 

homogeneity on the various seasonality effects it 

resulted that the Brown-Forsythe test statistic 

rejected the null hypothesis of homogeneity of 

variance across the return categories on all 

seasonality effects. However, when we allow for 

time varying conditional variance on the errors 

to detect the existence of differences in volatility 

across the various effects, differences only 

reveal significant on the day-of-the-week effect 

and only between a few days.  

 

          Table 4 also reports the results of the 

diagnostic statistics that examine whether all 

EGARCH models are correctly specified. As 

shown in Table 3, the EGARCH specification 

for the four error distributions cancels the 

intertemporal dependence in standardized 

residuals and squared standardized residuals. 

The Ljung-Box statistics up to lag 40 could not 

reject the zero autocorrelation coefficients null 

hypothesis in standardized residuals. The ARCH 

LM test statistic up to lag 20 could not reject the 

null hypothesis of serial independence in 

squared standardized residuals indicating that 

the four EGARCH models were successful in 

modeling the conditional volatility. The Jarque-

Bera test for normality rejects the null 

hypothesis that the standardized residuals are 

normally distributed. Concerning the model that 

best fit the data series, results indicate that the 

model with a Student’s-t error distribution 

outperforms others distributions based on the 

maximum log-likelihood and AIC model 

selection criteria. 

  

          In sum, the estimated and significant 

parameters of the seasonality effects in the mean 

and conditional variance equations are sensitive 

to the error distribution that is assumed in the 

EGARCH specification, either in magnitude, 

significance and significance level. 

 
 

Table 4 

 

          This table reports results of the 

EGARCH(1,1) for the normal, Student’s –t, 

GED and DED error distributions.  The 

estimated model is the AR(5)-EGARCH(1,1) 

with the day-of-the-week, month-of-the-year, 

TOM and holidays effects included in the mean 

and conditional variance equations. Table only 

reports dummy variables with significant 

coefficients. AIC – Akaike Information Criteria. 

*, **, *** Statistically significant at 10%, 5% 

and 1% level, respectively.    
 

 

 

 

 

 

 

 

 EGARCH(1,1) 

with normal error 

distribution 

EGARCH(1,1) 

with Student´s t 

error distribution 

EGARCH(1,1) 

with generalised 

error distribution 

EGARCH(1,1) 

with double 

exponential error 

distribution 

 Coefficie

nt 

Std. 

Error 

Coefficie

nt 

Std. 

Error 

Coefficie

nt 

Std. 

Error 

Coefficie

nt 

Std. 

Error 

Mean 

equation 
        

Constant - - - - - - 0,1006** 
0,047

9 

August - - - - - - 
-

0,1295** 

0,059

5 

TOM 0,1092** 
0,044

4 
0,0946** 

0,036

9 
0,1001*** 

0,037

4 

0,0910**

* 

0,031

1 

Pre-

Holiday 
0,2539** 

0,121

7 
0,2930** 

0,138

0 
0,2712* 

0,143

1 

0,2589**

* 

0,095

2 

Post-

Holiday 
0,3190** 

0,123

8 

0,3089**

* 

0,103

4 

0,3182**

* 

0,104

6 

0,3366**

* 

0,087

7 

         

Variance 

Equation 
        

Constant 0,0913 
0,092

5 
0,0497 

0,066

4 
0,0754 

0,065

1 
0,0697 

0,101

5 

  
0,1140**

* 

0,019

6 

0,1164**

* 

0,012

4 

0,1132**

* 

0,012

0 

0,1222**

* 

0,020

3 

  
-

0,0715**

* 

0,010

8 

-

0,0741**

* 

0,007

9 

-

0,0716**

* 

0,007

6 

-

0,0786**

* 

0,012

6 

  0,9836**

* 

0,003

1 

0,9862**

* 

0,002

4 

0,9850**

* 

0,002

6 

0,9867**

* 

0,003

6 

         

Tuesday 
-

0,3849** 

0,150

5 

-

0,3083**

* 

0,110

6 

-

0,3571**

* 

0,108

5 

-

0,3497** 

0,167

7 

Thursday - - - - -0,1647* 
0,085

7 
- - 

Friday 
-

0,2764** 

0,131

4 

-

0,2385** 

0,117

3 

-

0,2620** 

0,117

5 
- - 

Post-

Holiday 
- - 0,1514* 

0,091

0 
- - - - 

         

Diagnost

ic 

statistics 

        

2R  0,0128 - 0,0123 - 0,0125 - 0,0116 - 
2

aR  0,0080 - 0,0076 - 0,0078 - 0,0069 - 
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Forecast Performances in Mean Return and 

Volatility 

 

In order to test the importance of the seasonality 

effects the previously estimated EGARCH 

models were used for out-of-sample one-step-

ahead forecasts for 2010 in returns and 

conditional volatility. This gives 258 forecasts. 

The measure of forecast accuracy used is the root 

mean square error (RMSE), which penalizes 

large errors in either direction. The results are 

reported in Table 5 for the estimated models with 

different error distributions.  

 

          The forecasts for returns and conditional 

volatility are firstly performed in models 

including only the seasonality effects in the 

mean equation and then performed in models 

including either seasonality effects in the mean 

and conditional volatility equations. As 

additional references in the forecast accuracy we 

also consider the autoregressive model AR(k=5) 

and the random walk model   in forecasting 

returns, where   denote the historical mean 

return. Andersen and Bollerslev (1998) argue 

that squared daily returns provide a very noise 

proxy for the ex post volatility and a much better 

proxy for the day’s variance would be to 

compute the volatility for the day from intra-

daily data. As we have no intra-day prices taken 

at hourly intervals, we use as the proxy for the 

actual volatility the variance of six intra-day 

returns calculated as (close-open prices),  (close-

maximum prices),  (close-minimum prices),  

(maximum-minimum prices),  (maximum-open 

prices),  (minimum-open prices). In performing 

forecasts for returns and conditional volatility, 

all models, except the random walk model, 

include autoregressive terms of returns in the 

mean equation. 

 

 

 

 
Table 5 

 

 RMSE – Root Mean Square Error, Rank 

= 1 for smallest RMSE. 

 

 From table 5 it can be seen that the 

random walk model gives better forecasts for 

returns and the OLS model performs worst 

among all the estimated models. Within the set 

of EGARCH models for the various error 

distributions, those specifications that do not 

include seasonality effects in the conditional 

volatility equation gives better forecasts and, 

among these, the EGARCH with normal 

distribution provides the best forecasts followed 

by GED distribution. DED distribution provides 

the worst forecasts with and without seasonality 

effects included in conditional volatility 

equation. Concerning volatility forecasts, 

EGARCH models with seasonality effects not 

included in the conditional variance equation 

provides best forecasts with the normal 

performing best and the DED performing worst. 

Thus, albeit some seasonality effects are 

significant in the return and conditional volatility 

equations in the above descriptive models, these 

effects are not useful in explanatory models and 

do not introduce predictive ability against the 

random walk model. 

 

 

 

 

 

 Return Volatility 

 RMSE Rank RMSE Rank 

 Seasonality effects included in mean equation 

Random Walk 1,4668 1 - - 

AR (k=5) 1,4812 10 - - 

OLS 1,4841 11 - - 

EGARCH - Normal 1,4692 2 2,2706 1 

EGARCH – Student-

t 

1,4706 4 2,2783 3 

EGARCH – GED 1,4697 3 2,2769 2 

EGARCH – DED 1,4717 8 2,4192 7 

 Seasonality effects included in mean and conditional volatility 

equations 

EGARCH - Normal 1,4708 5 2,3004 4 

EGARCH – Student-

t 

1,4716 7 2,3036 6 

EGARCH – GED 1,4709 6 2,3032 5 

EGARCH – DED 1,4733 9 2,4434 8 
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Summary and Conclusion 

 

In this paper we investigate the day-of-the-week, 

month-of-the-year, TOM and holiday effects in 

return and conditional volatility. We examine 

the sensitivity in inference that might occur 

when using different distributional assumptions 

for the error terms in GARCH modelling. We 

examine daily time series data of the French 

CAC-40 index. The four different error 

distributions are the normal, Student’s-t, 

generalized error distribution and double 

exponential distribution. We test whether 

inferences drawn from statistical test are robust 

to different error distributions. We also examine 

the usefulness of the significant estimated 

seasonalities in the return and volatility 

equations to forecast out-of-sample return and 

volatility.  

 

 We consistently find the presence of the 

turn-of-the-month and holiday effects in return 

equations for the French CAC-40 stock index 

using a EGARCH (1,1) model. We find evidence 

that the average return in the TOM period and in 

the pre- and post-holiday days are significantly 

higher than the average return in the other 

trading days. No significant coefficient of the 

day-of-the-week and month-of-the-year was 

found except the August dummy variable in the 

model with the DED distribution. We show that 

conditional volatility only varies with some days 

of the week but results are not consistent across 

different error distributions. In sum, we show 

that many of the expected seasonality effects are 

small and not significant, the significant dummy 

variables in return and conditional volatility are 

sensitive to the error distribution that is specified 

under the EGARCH descriptive model and the 

Student’s-t distribution best describes stock 

index returns.  

 

 

 We examine if the significant dummy 

variables found in the return and conditionally 

volatility equations in descriptive models are 

useful for forecasting out-of-sample the return 

and volatility. Results show that the in-sample 

significant effects do not add forecast 

improvements against the random-walk model. 

  

 Our conclusion, based on this evidence, 

is that significant effects obtained from studies 

of seasonality patterns may be fragile. Although 

some significant effects could manifest in the in-

sample period, the inference is instable to 

different error distributions and the estimated 

significant effects do not have forecast ability for 

out-of-sample forecast for returns and volatility. 

The above evidence adds to the literature that 

cast doubts on the economic significance of the 

seasonality effects. 

 

References 

 

Agrawal, A., Ikenberry, D.L.,1994. The 

individual investor and the weekend effect. 

Journal of Financial and Quantitative Analysis, 

29, 263–277. 

 

Agrawal, A., Tandon, K.,1994. Anomalies of 

illusions? Evidence from stock markets in 

eighteen countries. Journal of International 

Money and Finance, 13, 83–106. 

 

Al-Saad, K., Moosa, I.A., 2005. Seasonality in 

stock returns: Evidence from an emerging 

market. Applied Financial Economics, 15, 63–

71(2005) 

 

Andersen, T., Bollerslev, T., 1998. Answering 

the sceptics: yes, standard volatility models do 

provide accurate forecasts. International 

Economics Review, 39, 885-905. 

 



630 

Article                                                                                                        ECORFAN Journal-Mexico 

OPTIMIZATION                                                               December 2012 Vol.3 No.8 613-632 
 
 

 ISSN-Print: 2007-1582- ISSN-On line: 2007-3682 

ECORFAN® All rights reserved. 

 

Monteiro J. Sensitivity of seasonality effects on mean and conditional volatility to 

error distributional assumptions: evidence from French stock market. ECORFAN 

Journal-Mexico 2012, 3-8: 613-632 

Ariel, R.A.,1987. A monthly effect on stock 

returns. Journal of Financial Economics, 18, 

161–174. 

 

Ariel, R.A.,1990. High stocks returns before 

holidays: existence and evidence on possible 

causes. Journal of Finance, 65, 1611-1626. 

 

Arsad, Z., Coutts, J.A.,1997. Security price 

anomalies in the London International Stock 

Exchange: a 60 year perspective. Applied 

Financial Economics, 7, 455–464. 

 

Baillie, R., Bollerslev, T.,1989. The message in 

daily exchange rates: a conditional-variance tale. 

Journal of Business and Economic Statistics, 7, 

60-68. 

 

Baillie, R.T., DeGennaro, R.P., 1990. Stock 

returns and volatility. Journal of Financial and 

Quantitative Analysis, 25, 203-214. 

 

Baker,H., Rahman, A., Saadi, S.,2008. The day-

of-the-week effect and conditional volatility: 

sensitivity of error distributional assumptions. 

Review of Financial Economics, 17, 280-295. 

 

Berument, H., Kiymaz, H.,2001. The day of the 

week effect on stock market volatility. Journal of 

Economics and Finance, 25, 181-193. 

 

Black, F., 1976. Studies of stock price volatility 

changes. Proceedings of the American Statistical 

Association, Business and Economics Studies 

Section, 177-181. 

 

Blattberg, R., Gonedes, N.,1974. A Comparison 

of the Stable and Student Distributions as 

Statistical Models for Stock Prices. Journal of 

Business, 47, 244-280. 

 

Brown, M. B., Forsythe, A. B., 1974. Robust 

Tests for the Equality of Variances, Journal of 

American Statistical Association, 69, 364–367. 

Chang, E., Pinegar, M., Ravichandran, R.,1993. 

International evidence on the robustness of the 

day-of-the-week effect. Journal of Financial and 

Quantitative Analysis, 28, 497-513. 

 

Chang, E.C., Pinegar, J.M., Ravichandran, 

R.,1998. US day-of-the-week effects and 

asymmetric responses to macroeconomic news. 

Journal of Banking and Finance, 22, 513–534. 

 

Chen, H., Singal, V., 2003. Role of speculative 

short sales in price formation: The case of the 

weekend effect. Journal of Finance, 58, 685 – 

705. 

 

Choudhry, T.,2000.  Day of the week effect in 

emerging Asian markets: evidence from the 

GARCH model. Applied Financial Economics, 

10, 235-242.  

 

Connolly, R., 1991. A posterior odds analysis of 

the week-end effect. Journal of Econometrics, 

49, 51-104. 

 

Connolly, R.,1989. An examination of the 

robustness of the weekend effect. Journal of 

Financial and Quantitative Analysis, 24, 133-

169. 

 

Corhay, A., Rad, A.T.,1994. Statistical 

properties of daily returns: evidence from 

European stock markets. Journal of Business 

Finance and Accounting, 21, 271-282. 

 

Dyl, E.A., Maberly, E.D., 1992. Odd-Lot 

Transactions around the Turn of the Year and the 

January Effect. Journal of Financial and 

Quantitative Analysis, 27, 591-604. 

Fama, E., 1965. The Behavior of Stock Prices. 

Journal of Business, 38, 34-105. 

 

French, K. R.,1980. Stock returns and the 

weekend effect. Journal of Financial Economics, 

8, 55-69. 



631 

Article                                                                                                        ECORFAN Journal-Mexico 

OPTIMIZATION                                                               December 2012 Vol.3 No.8 613-632 
 
 

 ISSN-Print: 2007-1582- ISSN-On line: 2007-3682 

ECORFAN® All rights reserved. 

 

Monteiro J. Sensitivity of seasonality effects on mean and conditional volatility to 

error distributional assumptions: evidence from French stock market. ECORFAN 

Journal-Mexico 2012, 3-8: 613-632 

 

French, K.R., Schwert, G.W., Stambaugh R.F., 

1987. Expected stock returns and volatility. 

Journal of Financial Economics, 19, 3-30. 

 

Gibbons, M.R., Hess, P.,1981. Day of the week 

effects and asset returns. Journal of Business, 54, 

579-596. 

 

Glosten,L.R., Jagannathan, R., Runkle 

D.E.,1993. On the relation between the expected 

value and the volatility of the nominal excess 

returns on stocks. Journal of Finance, 48, 1779-

1801. 

 

Griffiths, M.D., White, R.W.,1993. Tax-Induced 

Trading and the Turn-of-the-Year Anomaly: An 

Intraday Study. Journal of Finance, 68, 575-598. 

 

Gultekin, M., Gultekin, N.B.,1983. Stock market 

seasonality: international evidence. Journal of 

Financial Economics, 12, 469–481. 

 

Ho, Y., Cheung, Y., 1994. Seasonal pattern in 

volatility in Asian stock markets. Applied 

Financial Economics, 4, 61-67. 

 

Hsieh, D.,1988. The statistical properties of 

daily foreign exchange rates: 1974-1983. Journal 

of International Economics, 24, 129-145.  

 

Jacobs, B.I., Levy, K. N., 1988. Calendar 

anomalies: abnormal returns at calendar turning 

points. Financial Analyst Journal, 44, 28-39. 

Jaffe, J.F., Westerfield, R. 1985.  The weekend 

effect in common stock returns: the international 

evidence. Journal of Finance, 40, 433–454. 

 

Jansen, D., de Vries, C.,1991. On the frequency 

of large stock returns: putting booms and busts 

into perspective. Review of Economics and 

Statistics, 73, 18-24. 

 

Kamara, A., 1997. New evidence on the Monday 

seasonal in stock returns. Journal of Business, 

70, 63–84. 

 

Keef, S.P., Roush, M.L., 2005. Day-of-the-week 

effects in the pre-holiday returns of the standard 

and poor’s 500 stock index. Applied Financial 

Economics, 15, 107–119. 

 

Keim, D.B.,1983. Size-related anomalies and 

stock return seasonality: further empirical 

evidence. Journal of Financial Economics, 12, 

13-32. 

 

Keim, D.B.,1986. Dividend yields, size, and the 

January effect. Journal of Portfolio 

Management, 12, 54-60. 

 

Kim, C., Park, J., 1994. Holiday effects and 

stock returns: further evidence. Journal of 

Financial and Quantitative Analysis, 29, 145–

157. 

 

Kiymaz, H., Berument, H., 2003. The day of the 

week effect on stock market volatility and 

volume: International evidence. Review of 

Financial Economics, 12, 363-380. 

 

Kunkel, R.A., Compton, W.S., Beyer, S.,2003. 

The turn-of-the-month effect still lives: the 

international evidence. International Review of 

Financial Analysis, 12, 207-221. 

Lakonishok, J., Shleifer, A., Thaler, R., Vishny, 

R.,1991. Window Dressing by Pension Fund 

Managers. American Economic Review, 81, 

227-231. 

 

Lakonishok, J., Smidt, S., 1988. Are seasonal 

anomalies real? A ninety-year perspective. 

Review of Financial Studies, 1, 403–425. 

 

Lo, A., MacKinlay, A., 1990. An econometric 

analysis of non-synchronous trading. Journal of 

Econometrics, 45, 181-211. 



632 

Article                                                                                                        ECORFAN Journal-Mexico 

OPTIMIZATION                                                               December 2012 Vol.3 No.8 613-632 
 
 

 ISSN-Print: 2007-1582- ISSN-On line: 2007-3682 

ECORFAN® All rights reserved. 

 

Monteiro J. Sensitivity of seasonality effects on mean and conditional volatility to 

error distributional assumptions: evidence from French stock market. ECORFAN 

Journal-Mexico 2012, 3-8: 613-632 

Marquering, W., Nisser, J., Valla, T., 2006. 

Disappearing anomalies: A dynamic analysis of 

the persistence of anomalies. Applied Financial 

Economics, 16, 291-302. 

 

Mehdian, S., Perry, M.J., 2002. Anomalies in US 

equity markets: a re-examination of the January 

effect. Applied Financial Economics, 12, 141–

145. 

 

Miller, E.M.,1990. Explaining the January small 

firm effect by the interaction of procedurally 

rational investors and seasonal traders. Quarterly 

Journal of Business and Economics, 29, 36-55. 

 

Nelson, D.B., 1991. Conditional 

heteroskedasticity in asset returns: a new 

approach. Econometrica, 59, 347-370. 

 

Ogden, J.P.,1990. Turn-of-month evaluations of 

liquid profits and stock returns: a common 

explanation for the monthly and January effects. 

Journal of Finance, 45, 1259-1272. 

 

Pettengill, G.N.,1989. Holiday closings and 

security returns. Journal of Financial Research, 

12, 57-67. 

Rozeff, M.S., Kinney, W.R., 1976. Capital 

Market Seasonality: The Case of Stock Returns. 

Journal of Financial Economics, 3, 379-402. 

 

Thaler, R.,1987. Seasonal movements in 

security prices II: weekend, holiday, turn of the 

month and intraday effects. Journal of Economic 

Perspectives, 1, 169–177. 

 

Theodossiou, P., Lee, U., 1995. Relationship 

between volatility and expected returns across 

international stock markets. Journal of Business 

Finance and Accounting, 22, 289-300. 

 

Vergin, R.C., McGinnis, J.,1999. Revisiting the 

holiday effect: is it on holiday? Applied 

Financial Economics, 9, 477–482. 

Wang, K., Li, Y., Erickson, J.,1997. A new look 

at the Monday effect. Journal of Finance, 52, 

2171–2186. 

 

Welch, B.L.,1951. On the Comparison of 

Several Mean Values: An Alternative Approach. 

Biometrika 38, 330–336. 
 

 

 

 

 

 

 

 

 

 

 


