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The aim of this thesis was to compare seasonal effects in firm size-, value-, and momentum -

based factor returns between Developed and Emerging markets. Among calendar anomalies, 

Month-of-the-year, Halloween, and Quarter-end effects were included in the study. The thesis 

also examined the impact of portfolio weighting methods on the results by comparing equal- 

and value-weighted factor returns over the sample period from 1990 to 2019. The Dummy 

regression was employed to detect significant seasonalities in mean excess returns. 

Correspondingly, the Welch t-test was employed to observe the significant differences between 

mean excess returns of certain time periods. In total, sample data consisted of 48 factor 

portfolios, including 32 long-short and 16 long-only portfolios. 

The January effect was found to be combined with the company size, as equal-weighted SMB 

factor produced significant mean excess returns in both Developed and Emerging markets. The 

Halloween strategy was found to work only long-only basis, as the Halloween-period returns 

for long-short strategies were systematically negative within all anomalies. With respect to the 

quarter-end month, anomalous excess returns over the market portfolio were not reported. 
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Tämän tutkielman tavoitteena oli vertailla kalenterianomalioita yrityskoko, arvo- sekä 

momentum-anomalioiden sisällä kehittyneiden ja kehittyvien markkinoiden välillä. 

Kalenterianomalioista tutkimukseen sisällytettiin kuukausi-, halloween- sekä 

kvartaalinvaihdeanomaliat. Tutkielmassa analysoitiin myös tasapainotettujen ja markkina-

arvopainotettujen portfolioiden suoriutumiseroja tutkimusperiodilla 1990–2019. 

Kalenterianomalioiden tunnistamiseen käytettiin dummy-regressiomenetelmää ja tilastollinen 

merkitsevyys eri kalenteriajanjaksoilta laskettujen ylituottojen välillä määritettiin Welch’in t-

testin perusteella. Tutkimusdata koostui yhteensä 48 portfoliosta, joista 32 oli ns. long-short –

portfolioita ja loput 16 ns. long-only portfolioita. 

Tulokset osoittivat tammikuuilmiön olevan sidoksissa yrityskokoon, sillä tasapainotettujen 

yrityskokoportfolioiden ylituotot olivat kyseisenä kuukautena sekä kehittyneillä että 

kehittyvillä markkinoilla tilastollisesti merkitseviä. Halloween-strategia näytti toimivan 

ainoastaan long-only –perusteisesti, kun taas pyhäinpäivästä alkavan puolivuotisperiodin long-

short –tuotot olivat systemaattisesti negatiivisia kaikkien anomalioiden sisällä. Anomalistisia 

kvartaalinvaihde-ylituottoja ei tässä tutkielmassa havaittu. 
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1. Introduction 

Generally, anomaly is something that is defined to deviate from its standard or what is usual. 

In stock markets, the term anomaly is used to describe certain disputable regularities when for 

instance a security price differs from the assumed price trajectory as set by the Efficient Market 

Hypothesis (EMH). Some of these irregularities appear once and some could appear 

consistently, creating investors a chance to find opportunities to exploit abnormalities in the 

hope of extra profit. According to EMH, anomalies should not exist as markets are expected to 

act efficiently and reflect all available information into security prices. Price trend should 

follow a random walk and should not be possible to predict. In real life, efficient markets are 

difficult to create and especially maintain. The evidence in favour of stock market anomalies 

indicate that the EMH does not always hold.  

Thus, what is the the normal return to be exceeded in order to call a return abnormal? General 

approach to estimate the expected return of a security is through Capital Asset Pricing Model 

(CAPM) by Sharpe (1964), Lintner (1965) and Mossin (1966). According to the model, 

expected return of an asset or a security and its beta coefficient have a positive linear 

relationship. Schlosser (1989) presents the model as a relationship between a return of an 

individual share and market risk. The concept initiates from the idea that the investment consists 

of two types of risk, systematic and unsystematic risk. The first mentioned is the equivalent for 

market risk that cannot be diversified away. The latter one refers to the individual risk of a 

security and more generally a part of a security that is not correlating with market movements. 

Thus, the cross-section of expected returns is explained solely by beta which is a numeric value 

used to measure the fluctuation of an asset to alteration of overall markets and is interpreted as 

a measurement for systematic risk. 

According to Fama and French (2004) the CAPM is constructed on the model of portfolio 

theory by Markowitz (1952). In the model, a risk-averse investor chooses a mean-variance-

efficient portfolio, meaning that the investor is aiming to minimize the variance on given 

expected return and at the same time maximizing the expected return on given variance. The 

idea began by the inspiration that a portfolio can be composed in a way that the overall risk of 

a portfolio is lower than the risk of an individual stock in the portfolio. CAPM then transforms 

the theory into testable prediction between the relation of risk and expected return. 
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Capital Asset Pricing Model succeeded to withstand intense observation for decades. Yet, 

according to current supposition, single risk factor is not adequate enough to explain stock 

returns (Drew, Naughton, Veeraraghavan, 2003). First critique was presented by Richard Roll 

in 1977 who criticized the testability of CAPM and proposed that it is impossible to create a 

fully diversified portfolio, which is one of the key ideas of CAPM. According to Roll (1977), 

a market portfolio should include every investment in every market to reflect market return 

correctly and thus, major indices like S&P500 are only a proxy of market return. Roll explained 

that the only way to test the validity of CAPM is to find true market portfolio and to examine 

how the estimated beta coefficient relates to expected return of the securities. Therefore, the 

joint hypotheses of market efficiency and CAPM validity are almost impossible to test because 

of the problematic measurement of market return. Furthermore, abnormal returns are explained 

by the inefficiency of selected reference index which however does not necessarily imply the 

inefficiency of the markets, rather only inefficiency of the reference index. If the reference 

index proves to be efficient, every asset should fall precisely on the security market line. Despite 

the critique, the CAPM is not an invalid theory, yet the results should be interpreted with great 

caution. (Copeland & Weston, 1988) 

Empirical studies of stock markets have found evidence of stock returns showing irregularities 

that cannot be explained solely by systematic risk (Malkamäki, Martikainen, 1989). These 

anomalies suggest that there are other variables explaining returns in addition to beta. Fama and 

French (1992) presented a three-factor model to supplement CAPM-model to increase the 

ability to explain realised returns by adding two factors: size and book-to-market. Furthermore, 

Jegadeesh and Titman (1993) and Carhart (1997) offered a momentum factor to be used as an 

additional risk factor. Subsequently, Fama and French (1993) expanded the equation even 

further and added two so called bond-market factors related to maturity and default risk. This 

thesis is focusing on stock-market factors from Fama and French, the size and book-to-market, 

in addition to momentum factor by Jegadeesh and Titman.  

The aim of this thesis is to detect whether we are able to track these abnormalities to occur on 

a certain time period. Thus, we are scrutinizing the possible existence of seasonality and more 

specifically Month-of-the-year, Halloween and Quarter-end effect among portfolios divided by 

size, book-to-market and momentum factors. Seasonal effects inside stock market anomalies 

are observed through portfolios utilizing different strategies. Thus, the underlying research 

material consists of long-short and long-only strategies. Long-short strategy attempts to benefit 
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of different stocks by taking a long position on underpriced stocks and short sell overvalued 

securities simultaneously. In other words, long-short strategy attempts to simultaneously 

benefit of different stocks that appreciate and decline in value. Correspondingly, long-only 

strategy, as mentioned by the name, takes only a long position and does not engage in short 

positions. 

1.1 Research objectives  

Despite the far-reaching interest in seasonal effects and fundamental anomalies in different 

markets, the research regarding to seasonal effects inside market factors is still fragmented and 

the study remains relevant. In this thesis, seasonal effects are observed through dummy 

regression where each portfolio is regressed against different time periods. The robustness of a 

possible anomaly is observed by examining portfolios calculated excess to market portfolio. 

This way we achieve insight of whether a month, Halloween period or Quarter-ending months 

could generate returns significantly different from zero. Subsequently, Welch t-test is employed 

to test whether significant months, Halloween periods and Quarter-ending periods are 

significantly different of the corresponding remainder of the year. Additionally, we are 

interested in differences between Developed and Emerging markets and portfolio weighting 

procedures, equal- and value-weighting.  

As the main objective of this research is to examine the seasonality in factor premia and more 

specifically Month-of-the-year, Quarter-end and Halloween effect inside portfolios sorted by 

size, value and momentum factors. Thus, the main research question is constructed as follows:  

“Is there evidence of seasonal effects inside size, value or momentum -anomalies?” 

To find more evidence and possible explanations behind the existence of seasonality inside 

factor premia, main research question is subdivided to more specific questions: 

”Is there evidence of significant Month-of-the-year, Halloween or Quarter-end effect inside 

fundamental and technical anomalies generating returns excess to market index returns?” 

“Is there detectable differences in occurrence of the seasonal effects between Emerging and 

Developed markets?” 
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“Is there detectable differences in occurrence of the seasonal effects between different portfolio 

weighting procedures equal- versus value- weighting?” 

To scrutinize the main research question more precisely we are trying to achieve a broader view 

of the circumstances where abnormal returns could be found. Thus, the main research question 

is divided in to three sub-research questions. First question seeks answers whether different 

strategies show seasonal patterns in order to generate returns excess to market index returns. 

The second question seeks for international evidence and highlights the possible differences 

between market types by observing Developed and Emerging markets, separately. Last 

question emphasizes the possible influence of portfolio weighting procedure behind the 

possible occurrence of seasonal effects. 

Overall, this study is not focusing on increasing the predictability of the stock price movements 

neither practical use in investment strategies. Therefore, practical obstacles in investing as 

transaction costs, taxes and other costs are not taken into account.  

1.2 Research limitations  

Research is limited to consist of monthly returns between November 1990 and December 2019 

including 350 months. Time period for this study is defined to be equal with portfolio having 

shortest time period available. Factors included into this thesis are size, value and past 

momentum factors. The set of fundamental and technical anomalies included are limited to 

describe only a fraction of possible risk factors already identified in stock markets. 

Portfolios examined in this thesis are chosen to describe the differences between Emerging and 

Developed markets. Portfolios are constructed to include countries from both market segments. 

However, results of this thesis are not giving any insight of market behaviour in a single country 

but a holistic view of these segments. In order to utilize these strategies in practice, transaction 

costs, taxes and other costs related to investment activity would occur and change the results. 

1.3 Research structure 

Thesis is structured to first introduce reader the objectives and limitations of the research. 

Subsequently in background section, previous findings according to each stock market- and 

seasonal effects are reviewed more closely. Afterwards, research methodology and data are 

scrutinized before analysing the empirical results and concluding the research. 
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Figure 1: Research structure 
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2. Background 

In this section, the previous findings according to seasonal effects and factor premia are 

reviewed before ultimately combining these to observe the seasonality inside the corresponding 

factors. Table 1 below, comprises the previous findings considering seasonal effects inside 

factors size, value and momentum, chronologically according to publication year.  

Table 1: Essential publications  

Factor Seasonal 

effect 

Name Content Author(s) Publication 

year 

Size Month-of-

the-year 

“Size-Related Anomalies 

and Stock Return 

Seasonality: Further 

Empirical Evidence” 

Size effect is incorporated with 

January effect. 

Keim 1983 

Size Month-of-

the-year 

“The Anomalous Stock 

Market Behaviour of Small 

Firms in January” 

Tax-loss selling explanation for 

size and January effect. 

Reinganum 1983 

Size Month-of-

the-year 

“Seasonal and Size 

Anomalies in the Japanese 

Stock Market” 

January effect a phenomenon of 

small companies. 

Kato & 

Schallheim 

1985 

Size Quarter-

end effect 

“Window Dressing by 

Pension Fund Managers” 

Window-dressing strategy Lakonishok, 

Schleifer, 

Thaler & 

Vishny 

1991 

Momentum Month-of-

the-year 

“Returns to Buying 

Winners and Selling 

Losers: Implications to 

Stock Market Efficiency” 

Winners exceeded losers in every 

month except January. 

Jegadeesh & 

Titman 

1993 
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Value Month-of-

the-year 

“Book-to-market across 

firm size, exchange, and 

seasonality” 

Window-dressing by institutional 

investors and tax-loss selling by 

individual investors behind value 

premium in January. 

Loughran 1997 

Momentum 

& size 

Month-of-

the-year 

“Understanding the Nature 

of the Risks and the Source 

of the Rewards to 

Momentum Investing” 

Small loser stocks outperform 

winners in January 

Grundy & 

Martin 

2001 

Momentum Quarter-

end effect 

“Seasonality in Momentum 

Profitability” 

Quarter-end momentum 

seasonality around financial year 

in Australian stock markets.  

Gray, 

Limkriangkr

ai & Zhong 

2004 

Size & 

Value 

Month-of-

the-year & 

Halloween 

effect 

“Seasonal, Size and Value 

Anomalies” 

Unlike January effect, Halloween 

effect is unrelated with other 

market anomalies. 

Jacobsen, 

Mamun & 

Visaltanach

oti 

2005 

Size Halloween 

effect 

“Do Seasonal Anomalies 

Still Work?” 

Halloween effect more a 

phenomenon of small companies. 

Dzhabarov 

and Ziemba 

2010 

Value Month-of-

the-year 

“The value premium and 

the January effect” 

Value premium in January 

among large companies and in 

non-January months for small 

companies. 

Chou, Das 

& Rao 

2011 

Momentum Halloween 

effect 

“Momentum and the 

Halloween Indicator: 

Evidence of a new seasonal 

pattern in momentum 

returns” 

Evident Halloween effect in 

long-only winner portfolios and 

long-short winner-loser 

portfolios in US. 

Bhootra 2019 
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2.1 Factor premia 

2.1.1 Size strategy 

A phenomenon where small capitalization stocks outperform large capitalization stocks in the 

long run is referred as size anomaly. In previous studies, the tendency of small capitalization 

firms earning higher stock returns compared to large capitalization firms is quite well 

documented. A phenomenon better known as size effect was first introduced by Banz (1981) 

who examined common stocks in New York Stock Exchange and found that the effect has been 

existent for 40 years and moreover, that the general Capital Asset Pricing Model is 

misspecified. However, Banz stated that the relationship between firm size and returns is not 

linear as the effect is significant only among small firms and there is no significant difference 

in returns between medium and large sized firms. Banz suggested that there is no foundation 

for the effect and continued that we cannot be sure that the factor is actually size itself or is it 

only a proxy of some other true but yet unknown factor that is correlated with size.  

Fama and French (1992) investigated US firms between a time period of 1963-1990 finding a 

significant size effect. They showed that the positive correlation of firm beta and average return 

is due to negative correlation of company size and beta, meaning that the smaller the firm the 

larger the expected return. Empirical findings indicated that the return of small cap companies 

was in average 1,64% compared to 0,90% average return of large cap companies.  A year later, 

Fama and French introduced the size factor SMB in asset pricing models. Accordingly, Fama 

and French (1998) found international evidence of size effect as small firms outperformed large 

firms in 11 out of 16 markets.  

Dimson and Marsh (1999) highlighted in their study of long-term performance of small firms 

in U.K that the small firm premium vanished after documentation and in fact turned reversal. 

Yet researchers are not suggesting that the reversal of small cap premium is a consequence of 

its discovery. It was rather a consequence of change in fundamentals and secondly only a 

disappear of size premium as size effect still subsists. Study concludes that the term “size 

effect” should thus refer strictly to different performance compared to large cap stocks as the 

volatility of size premium has been in same scale before and after the research period but size 

effect has manifested itself recently more negative than positive mean size premium. 
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Grinblatt and Moskowitz (2004) found seasonal effects in high tax regimes and explained that 

small cap and low institutional ownership stocks are most prone to tax-loss selling. In other 

words, the behaviour of institutional investors feeds the tax-loss-selling hypothesis. In the same 

year He, Ng and Wang (2004) found more evidence on window-dressing behind size effect as 

banks, life insurance companies and mutual funds in general sold poorly performing stocks 

during the fourth quarter in greater number compared to first three quarters. More recently, 

Sikes (2014) found similar results as institutional investors with strong tax incentives realized 

more losses during the last quarter compared to earlier quarters of the same year. These results 

indicate that the large proportion of size effect is explained by mandatory disclosure 

requirements mandated by the Securities Exchange Act of 1934 and the Investment Company 

Act of 1940. Portfolio disclosure provides information for the public considering investment 

activities and holdings of institutional investors. Since 2004, individual mutual funds have been 

required to disclose their portfolio holdings quarterly with a delay of no longer than 60 days. 

(Agarwal, Mullally, Tang & Yang, 2013). 

In addition to tax-loss selling and window dressing, other explanations for the size effect has 

been offered. Chen and Chan (1991) explained that even though smallness does not indicate 

directly more riskiness compared to large firms, small companies tend to lose market value 

because of poor performance and small companies are more likely inefficient producers. They 

also have higher financial leverage and greater probability to face cash flow problems than large 

companies. Malkiel (2003) suggested that the size effect may have occurred due to survivorship 

bias as today databases include companies that have survived the examined time period, and 

thus, excluding the ones that went into bankruptcy. Malkiel also stated that holding small cap 

stocks has not gained excess returns from mid-1980s to the decade of 1990s. Growing 

institutionalization of the market has turned portfolio managers to favour more liquid large 

firms in greater extent which contributes to greater difficulty to liquidate smaller stocks. 

(Malkiel, 2003) Ultimately, the size effect may be a premium for illiquidity and therefore a 

phenomenon of small firms. 

2.1.2 Book-to-Market strategy 

Another type of anomaly taken into closer scrutiny is the value anomaly. Value anomaly is said 

to be present when stocks have strong value premiums in average returns. This implies that 

stocks with high book-to-market (B/M) earn higher average returns than stocks with low B/M 
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and is referred also as Book-to-Market anomaly or value premium effect. The Book-to-Market 

ratio itself compares the company’s book value to its market value. The market value is simply 

the share price of the company multiplied by the shares outstanding, which is other words 

known as the market capitalization of the firm. Book value of the company can be estimated by 

calculating total assets subtracted by total liabilities, preferred shares and intangible assets of 

the company. Higher Book-to-Market stocks are preferred as value stocks and the name value 

anomaly becomes specifically from the belief that these stocks outperform the growth stocks. 

Many earlier studies considering asset pricing suggest that the presence of book-to-market 

anomaly can be explained by either risk aspect or by mispricing. (Ho, An, Zhou, 2015) Value 

premium is also believed to be a result of overreaction to negative news which is thus led to 

mispricing. The first findings of value stocks outperforming growth stocks were made by 

Stattman (1980) and Rosenberg et al. (1985), Fama and French (1992) and Lakonishok, Shleifer 

and Visny (1994). 

Fama and French (1998) showed that value stocks have higher returns in average compared to 

growth stocks around the world. Fama and French studied a sample period from 1975 to 1995 

by constructing global portfolios and found international evidence that high B/M stocks 

generate 7.68%-points higher return than low B/M stocks. Similarly, Asness, Moskowitz and 

Pedersen (2013) found value premium in international financial markets. 

Rouwenhorst (1999) found a premium for small firms and value stocks in emerging markets. 

Cakizi, Fabozzi and Tan (2013) examined value effect in 18 emerging markets and found strong 

evidence for the value effect in every market region. Hanauer and Linhart (2015) studied size, 

value and momentum anomalies in emerging markets and found strong and significant value 

effect and strong but less significant momentum effect in Latin America, EMEA, Asia and 

BRIC market regions. Interestingly, value and momentum effects were existent also among 

large capitalization stocks and thus driven not only by small capitalization companies. Ho, An 

and Zhou (2015) brought up a point of view that the risk-based explanation has been built on 

the efficient market hypotheses and may fit in the US markets, but not necessarily to less 

developed and less efficient markets. Thus, value premium could exist in numerous markets 

with various explanations. Drew, Naughton, and Veeraraghavan (2003) found value premium 

in Chinese markets. However, they offered no explanation for the observed effect. 
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Fama and French (1992) suggested that value stocks tend to be fundamentally riskier and the 

higher average returns compared to growth stocks is therefore a compensation for the investors 

bearing higher fundamental risk. Lakonishok, Shleifer and Vishny (1994) offered an 

explanation that value strategies produce higher returns due to contrarian strategy to bet against 

investors that deduce past performance too far to the future. The strategy is contrarian to naïve 

strategy that assumes trend in prices based on past performance, overreacts to good and bad 

news or just associates a good investment with a well-managed company regardless of price. 

Researchers stated that some investors tend to favour stocks that have performed very well in 

the past and buy them up so that these stocks become overpriced. Contrarily, similar behaviour 

occurs among stocks that have performed poorly, and some investors tend to oversell stocks so 

that these unpopular “value” stocks become under-priced. Fama and French (1993, 1997) found 

variation between different industries and more specifically, the strength or distress of a certain 

industry to correspond to the variation of industry specific book-to-market returns.   

2.1.3 Momentum strategy  

Phenomenon where the stock price development continues to the same direction with the past 

prices, is called momentum anomaly. The origin of a term momentum is based on physics as 

an object that is in motion tends to stay in motion. This idea conforms to stock markets that an 

asset or market that is in motion also tends to stay in motion. In momentum anomaly, the past 

performance is believed to have an influence on the future price development of the security. 

Momentum anomaly is studied by dividing the stocks under examination into different 

portfolios based on their past performance. The top portfolio contains the stocks that have 

performed best (winners) and the bottom portfolio stocks performed the worst (losers) in a 

certain past time period. Momentum anomaly is said to be existent when winners continue to 

perform best and losers tend to continue performing worst. 

Momentum anomaly is widely studied anomaly in the stock markets. One reason for its 

attraction is that it challenges the Efficient Market Hypothesis as the anomaly causes exceptions 

that cannot be justified by changes in systematic risk. The idea of the momentum effect is that 

stocks with higher returns in recent past will have higher returns in the future compared to 

stocks with lower past returns. Thus, the effect is usually determined as a positive relationship 

between stock returns of a specific time period and its lagged returns (Bundoo, 2011)  
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Jegadeesh and Titman (1993) were the first to introduce the investment strategy to buy stocks 

that have performed well in the recent past and to sell stocks that have performed poorly to 

achieve significant returns in 3 to 12 months holding periods. They showed that this strategy 

earned profits of 1% per month in the US market over the next 12 months and that the strategy 

was not due to systematic risk or slow reaction of prices to common factors. However, 

Jegadeesh and Titman stated that the abnormal returns generated during the first year after 

portfolio formation disappeared during the next two-year period. Rouwenhorst (1998) found 

existence of momentum anomaly in Europe during 1980-1995. According to Rouwenhorst, 

internationally diversified medium-term winner portfolio outperformed the medium-term losers 

by more than 1 percent a month. Hong, Lim and Stein (2000) found evidence that firm size has 

an effect in profitability gained from momentum strategies. Hong et al. claim that the best 

profitability is gained with the smallest stocks. However, Israel and Moskowitz (2013) noticed 

that abnormal returns existed among every size category.  

During the past decades, momentum strategy has become widely studied. After the discovery 

of Jegadeesh and Titman, plenty of researchers have given their explanation for the effect. 

Number of studies have confirmed and broaden this finding, but some studies have suggested 

that the effect has been only a result of data snooping. Jegadeesh and Titman (2001) proved 

that momentum profits have continued in 1990s and thus that the previous results were not a 

result of data snooping.  

The reverse strategy for momentum strategy is called contrarian or negative momentum. 

Investors are taking a contrarian momentum strategy if they are selling past winners and buying 

recent losers, thus contrary to momentum strategy (De Haan, Kakes, 2011).  Lo and MacKinlay 

(1990) showed that contrarian strategy can lead to positive returns despite negative 

autocorrelation between individual stock returns. Grinblatt and Keloharju (2000) found an 

interesting evidence considering investor behaviour that foreign investors tend to be more 

momentum investors, however domestic investors are more likely to take contrarian strategy. 

Today, momentum strategies are still popular among financial analysts as the 52-week price 

high/low are incorporated in their buy/sell recommendations. George and Hwang (2004) even 

found that 52-week high is a better predictor of future returns than are the past returns and 

concluded that price levels are more important determinants than price changes in explaining 

momentum effects. 
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Cakizi et al. (2013) examined momentum effect in 18 emerging markets using stock market 

data from January 1990 to December 2011 and reported momentum effect to be present in all 

markets except Eastern Europe. Akhter and Yong (2018) studied the Dhaka Stock Exchange 

(DSE) of Bangladesh to investigate the time-varying momentum and contrarian effects between 

January 1995 to December 2018. The study suggested a medium-term momentum and long-

term reversal to be evident in DSE. The researchers stated that the empirical results of their 

study supported the existence of Adaptive Market Hypothesis to be behind the effect. Another 

finding was that the bullish market conditions nurtured the effect, but the momentum profits 

were insignificant under stock market crashes and bubbles. Interestingly, according to the 

results and the literature of Adaptive Market Hypothesis, investors of emerging stock markets 

may not adapt to the changing market conditions likewise corresponding investors at developed 

markets do. 

As a conclusion of earlier findings of purely momentum and contrarian effects, the anomaly 

has been evident globally in different market regions and different explanations are offered. As 

the original three-factor model of Fama and French (1993) states, small-cap and value stocks 

outperforming corresponding large-cap and growth stocks are due to excess risk, greater 

business risk and higher cost of capital. Such explanations for momentum profits have not been 

offered as according to advocates of EMH, the multi-factor model is not capable of fully explain 

the momentum effect. (Fama and French, 2012) After the first finding of momentum profits, 

the effect was claimed to be a result of data snooping. However, the effect was confirmed not 

to be a result of data snooping and later on, Adaptive Market Hypothesis has been offered to 

explain the phenomena. 

2.2 Seasonal effects 

2.2.1 Month-of-the-Year effect  

A history of calendar anomalies is widely studied and is perceived as an indicator for market 

inefficiency. One of the most studied seasonal patterns, the Month-of-year effect, is well 

documented across markets and asset classes. The effect is denoted as an asset exhibiting 

abnormal returns in a specific month of the year. (Mangala & Lohia, 2013)  

Maybe the most known Month-of-the-year effect, the January effect, is referred when stock 

returns are higher in January than in any other month. The seasonal pattern was first noticed by 
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a researcher Sidney B. Wachtel (1942, 185) when he found seasonal effects in Dow Jones 

Average Index between 1927 and 1942. Wachtel found appreciation in value between 

December to January in eleven of those fifteen years. The strength of these earnings varied 

between 5-10 percent. Rozeff and Kinney (1976) found evidence of January effect in US 

markets during 1904-1974 when returns in January were in average seven times greater 

compared to other months. In addition, the researchers discovered that the effect was more a 

phenomenon of small capitalization firms. Gultekin and Gultekin (1983) studied seasonal 

effects in 18 OECD-countries and found evidence of calendar anomalies globally. Berglund 

(1986) found month-of-the-year anomaly in Finland between 1970-1983 and realized that 

monthly stock returns follow other equity markets. More recently, Sum (2013) investigated 70 

different countries and found the average returns in January, February, April, July and 

December to be significantly higher compared to the other months. Furthermore, September 

was the worst calendar month among investigated countries followed by August, October, June, 

November, May and March, respectively. The findings of Sum gave more evidence of other 

Month-of-the-year anomalies besides January effect as the results showed April and December 

to hold significant positive gains. 

The first explanation for the Turn-of-the-year effect was given by Wachtel (1942) who 

proposed that the effect is due to tax-loss selling. Wachtel stated that at the year end, investors 

sell stocks with declining prices to realize capital losses and to avoid taxes. Investors then make 

reinvestments after the year end. Another explanation offered is the payment of annual bonuses 

at the year end. According to Seyhun (1988), investors may then use additional money to buy 

stocks and increase prices in January.  Kato and Schallheim (1985) studied Japanese stock 

markets from 1952 to 1980 including 29-year time period and found significant January size 

effect. The finding was interesting because of differentials between Japanese and U.S. tax 

regimes. In Japan the capital gains of private investors are not taxed so the effect could not be 

explained by theories related to taxes. In addition, Kato and Schallheim found signs of June 

anomaly. One explanation offered for January-June anomalies was the behaviour of Japanese 

firms paying bonuses usually around December and June. These bonuses could amount of 

three-month salary and the researchers assumed that a portion of these bonuses was available 

for investments. The second explanation was related to information hypothesis. Kato and 

Schallheim believed that the release of financial information in a specific month could cause a 

return increase and contribute to these effects. In Japan, corporate officers usually release their 
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earnings forecast in May as financial analysts release their forecasts in May, June, September 

and December. If these forecasts include some new information to the markets, it could explain 

the aforementioned effects.  

Another Month-of-the-year effect believed to be driven by tax coded activity is the December 

effect. However, unlike January effect is incorporated to tax-loss selling, the December effect 

is addressed with tax-gain selling. Tax-gain selling is referred as an activity where an investor 

postpones realization of capital gains and thus postpones the payment of taxes due to capital 

gains. In tax-loss selling, selling pressure in December is on past loser stocks which in turn 

relieves in January giving an upward pressure for those loser stocks. According to tax-gain 

selling, rational investor should hold the past winner stocks in December and postpone the 

selling to January as in December the selling pressure on winner stocks should be low, causing 

the stocks to have a possible increase in value. Especially during the last five days of December. 

(Chen & Singal, 2003). 

Mangala and Lohia (2013) studied emerging markets and found significant positive mean 

monthly returns around the year end and in the beginning of the new year. In November, 

December and January mean returns were positive while August and September returns 

exhibited significant negative mean returns. Gao and Kling (2005) studied Chinese stock 

markets and found that March and April returns were by far greater than the returns in other 

months. They explained the phenomenon by Chinese year ending in February. However, the 

effect was not due to tax-loss selling as there is no taxes on capital gains. They explained that 

the phenomenon of Chinese investors to embezzle money out of business funds to private short-

term trading would be behind the effect. They continued that the investors then have to lay 

down the embezzled funds back before weekends, year ends and Spring Festival that is often 

in February. They used a term “amateur speculator” to describe Chinese investors.  

The October effect refers to the decline of stock prices during that month. Most statisticians 

have not found real evidence in favour of the effect and believe that the effect is based most 

likely on a psychological expectation rather than actual phenomenon. The basis of the effect 

may lie in historical market crashes having occurred in October. For instance, Black Monday, 

which has been held the worst single-day crash occurred in October 1987. In addition, The 

Bank Panic of 1907, Black Tuesday, Black Thursday and Black Monday in 1927 all occurred 

during October. Historical crashes may thus influence the investor expectations and thereby 
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affect negatively on stock prices. In back testing purposes the effect might be boosted by these 

strong unique events. (Sniper Market Timing, 2020; Dutta, Dutta & Mahapatra, 2008)  

Despite the popularity of October being the most dreaded month, the title of worst calendar 

month should go to September. Even though October has kept within many of negative events, 

October has produced a positive gain in 100-years span. However, over the last 100 years of 

DJIA index, September has been the only calendar month with negative return. It can be said 

that September has seen as much of market downturns as October. The original Black Friday 

in 1869, decline in DJIA after 9/11 and a single-day dip in the beginning of subprime crisis in 

2008 all occurred in September. In addition, statisticians have discovered that it is not only the 

effect of US markets, but a turmoil of markets globally. The September effect has been 

explained by seasonal rebalancing and market psychology. In northern hemisphere, September 

is the end of summer and the end of vacation season and investors start to prepare for the last 

quarter of the year. Mutual funds start to prepare for year-end reporting and tax-loss selling. In 

addition, stocks are believed to decline in September simply because investors think they will, 

and they sell in September. This way investors try to avoid potential crashes. Ultimately, 

investors believing that other investors believe to the existent of the anomaly may cause actions. 

In this sense, this behaviour is referred as market psychology. It is also found that the September 

returns are increased over the 25 years even though the mean monthly return has still been 

negative, according to S&P500 returns. Large downturns are no longer as common as they were 

before 1990. This has been explained by investors taking the effect into account and in some 

extent, selling stocks in August. (Sum, 2013; Warrior Trading, 2020) 

2.2.2 Halloween effect 

Besides Month-of-the-year or January effect, the Halloween effect is one of the most known 

seasonal effect studied in stock markets. The effect refers to the observation that stocks tend to 

perform better in winter months between November and April compared to summer months of 

May and October. Halloween effect was named for the reason that better performing winter 

period starts around Halloween.  

As a phenomenon, Halloween effect is not very new. According to Bouman and Jacobsen 

(2002), the effect can be followed back to British stock markets in 1694. Furthermore, they 

examined 37 countries and found Halloween effect present in 35 of them. In 20 of the 35 

countries, the difference between winter and summer months was statistically significant. 
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Bouman and Jacobsen also made a discovery that unlike many other calendar anomalies, the 

Halloween effect is present in both developed and emerging markets. In addition, the effect 

does not seem to suffer of Murphy’s Law and disappear after its discovery or turn to reversal 

even if investors have become aware of it. Andrade, Chhaochharia and Fuerst (2013) examined 

similar stock markets with newer data and found analogous results with Bouman and Jacobsen. 

The return over the November-April half year period was on average 10 percentage points 

higher compared to that over May-October half year period. Just recently, researchers Plastun, 

Sibande, Gupta and Wohar (2020) conducted a research of Halloween effect in Developed 

markets by employing various statistical techniques and trading simulations. Interestingly, they 

found that the Halloween effect has become detectable in the middle of 20th century and that 

the effect is inconsistent with Efficient Market Hypothesis and consistent with Adaptive Market 

Hypothesis.  

Several researchers studied the effect in less developed markets. Lean (2011) found Halloween 

effect existent in South Asian region, whereas Guo et al. (2014) investigated Chinese markets 

and found similarly the presence of the effect. They also discovered that an investment strategy 

constructed to follow this puzzle outperformed the buy and hold strategy and could be 

beneficial against market downside risk in large recessions. In addition, Arendas and 

Chovankova (2016) found that Halloween effect has an influence on stock returns in Central 

and Eastern Europe (CEE). Even though the Halloween pattern was evident in the majority of 

12 national markets examined, it was statistically significant only in Poland and Ukraine. 

Swagerman and Novakovic (2010) made an interesting finding that the existence of Halloween 

effect differs between developed and emerging markets and more specifically that the effect is 

stronger in developed markets than in emerging markets.  

2.2.3 Quarter-end effect 

A common belief in financial markets is that different funds utilize active portfolio management 

in the end of each quarter by rebalancing their portfolios. Portfolio rebalancing refers to actions 

where the portfolio composition is changed in pursuit of certain targets. In other words, periodic 

sales and purchases are executed to maintain different portions in separate investment classes 

as growth stocks, bonds etc. Even though there is no proof of these kind of practices, quarter-

ends are considered important time points not only from the aspect of institutional investors but 
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also for other investors. Often firms release critical and new information in quarter-ends which 

may cause actions in stock markets.  

Portfolio managers are said to feel pressure at the end of every quarter. Concept known as 

window dressing is one explanation offered to explain the significant increase in stock values. 

Portfolio managers usually wait until the last day of the quarter to execute aggressive bid surge 

on shares that are already in their portfolios. With this bidding, the values of their stocks 

increase temporarily, and portfolio managers could report positive gains to attract new 

investors. It is not uncommon to stocks to have significant increase in value at the last day of 

the quarter to be followed by significant decrease on the following day due to sell-off. (Zacks, 

2019) 

Sias (2007) studied causes and seasonality of Momentum profits and found that January 

excluded, quarter-ending months outperformed non-quarter ending months with 251 basis 

points in terms of monthly average returns. This pattern however was stronger for stocks with 

higher degree of institutional ownership. In addition, the effect was strongest in December and 

was explained by window dressing and tax-loss selling.  

According to Brown (2017), quarter-end effect was absent among US stocks from 1927 to 2016 

but particularly evident among big stocks during the later years.  The paper provides evidence 

of systematic patterns in price pressure after implementation of Tax Equity and Fiscal 

Responsibility Act in 1982. This act increased the payments of taxes to capital gains to the 

Internal Revenue Service. Brown also stated that individual investors sell stocks with losses in 

the end of calendar year due to tax-loss selling, but they do not have incentives to rebalance 

portfolios every third month, unlike active institutional investors. Especially, stocks with capital 

losses are often sold by institutional investors in quarter-end creating a downward price pressure 

for these stocks.  

2.2.4 Seasonality in factor premia 

Keim (1983) found that the size effect is incorporated with January returns. In the same year, 

Reinganum (1983) offered tax-loss selling hypothesis as an explanation of size and January 

effect. Kato and Schallheim (1985, 243) observed seasonal effects on Japanese stocks and found 

evidence of size effect as the January effect was also more a phenomenon of small companies. 

Almost a decade later, researchers Lakonishok, Shleifer, Thaler and Vishny (1991) found that 
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more commonly small funds dump the poorly performed investments during the fourth quarter 

compared to larger funds, which they concluded to be consistent with the most common 

window-dressing strategy.  

Dzhabarov and Ziemba (2010) investigated the influence of market capitalization into 

Halloween effect by examining large cap stocks among S&P 500 and small cap stocks of 

Russell 2000 stock index. They discovered that Halloween effect was also more a phenomenon 

of small cap stocks. Jacobsen, Mamun and Visaltanachoti (2005) observed Halloween effect 

inside size and value anomalies and concluded that unlike January effect, Halloween effect 

seems to be a market wide phenomenon but unrelated to these other market anomalies. Every 

portfolio in their study showed higher average returns during winter months compared to 

summer months. In most of the portfolios the difference between these averages were also 

statistically and economically significant. Furthermore, researchers suggested that January has 

an important role in explaining the small size effect but also together with size in explaining 

the value anomaly. Chou, Das and Rao (2011) found empirical evidence that value premium 

differs between January and other months for small and large cap companies. They argued that 

the value premium in January is most evident for large companies and least pronounced for 

small companies and that the result was mainly driven by loser stocks at the end of the year. 

Contrarily, the value premium for small companies was evident only in other months than 

January. The effect was focused mainly on first ten trading days of January and vanished for 

the rest of the year. Even though small companies showed no signs of value premium in 

January, researchers found signs of the effect during non-January months such as February, 

April and September.   

Findings supported the explanation of window-dressing and tax-loss selling behind the superior 

January returns of value stocks. These findings were in line with Loughran (1997) that the 

window-dressing by institutional investors and tax-loss selling in December by individual 

investors are behind strong value premium in January. Jacobsen, Mamun and Visaltanachoti 

(2005) observed January effect in US markets and found that January effect together with size 

plays a large part in explaining the book-to-market anomaly.  

Jegadeesh and Titman (1993) found evidence of seasonality in momentum profits as winners 

exceeded losers in every month except January, but losers exceeded winners significantly in 

January.  Grundy and Martin (2001) acclaimed that momentum strategy leads to losses in 
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January and the losses are due to short selling of losers that tend to be small firms. Gray, 

Limkriangkrai and Zhong (2014) reported apparent quarter-end momentum seasonality around 

financial year in Australian stock markets. Researchers explained the effect with window 

dressing by institutional investors. Furthermore, researchers found turn-of-the-year seasonality 

in momentum profits and explained it by tax-loss selling effect as investors are selling 

investments performing poorly to benefit from tax deductible losses before year end. 

Recently, Folkinsteyhn and Moore (2019) found relatively higher returns among momentum 

portfolios compared to other Fama and French risk factors, when it comes to quarterly 

seasonality. Otherwise, by examining US stock returns from January 1963 to December 2017, 

Bhootra (2019) found evidence of Halloween effect inside momentum portfolios as winner and 

loser portfolios earned much higher returns during winter months compared to summer months. 

He concluded Halloween effect to be evident in both long-only winner portfolio and long-short 

winner minus loser portfolio.  

2.3 Equal- and Value-weighted portfolios 

Many studies compute equal-weighted portfolio returns as a simple average of monthly returns 

with an assumption of monthly rebalancing. According to Crawford, Hansen and Price (2011), 

these returns unlikely reflect actual returns for the investments. Plyakha, Uppal and Vilkov 

(2014) stated that equal-weighted portfolios outperform value-weighted portfolios in total 

returns and the reason behind is the higher exposure to the systematic risk factors. 

Many empirical studies have reported about the differences between equal- and value-

weighting. For example, Breen et al. (1989), Canina et al. (1998) and Fama and French (1992) 

have suggested equal-weighted portfolios to have higher returns compared to value-weighted 

portfolios. In addition, Breen et al. (1989), Jegadeesh and Titman (1993), Canina et al. (1998) 

suggested that the equal weighted portfolios have higher volatility compared to corresponding 

value-weighted portfolios within similar components.  

Two different explanations have been offered to explain the differences between equal- and 

value-weighting: noisy market hypothesis and illiquidity. Noisy market hypothesis claims that 

the price of a security is not always the best estimate of the underlying true value of the 

company.  According to noisy market hypothesis, prices may fluctuate because of momentum 

traders and speculators, for instance, institutions and insiders that have some additional 
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information and may trade stocks for the reasons that are unrelated to fundaments. Such reasons 

could be diversification, liquidity and taxes. (Siegel, 2006).  Siegel explains that prices of 

securities are subject to temporary shocks which may last for days or years and the 

unpredictable character makes it difficult to generate a trading strategy to utilize these shocks. 

Siegel calls these shocks as a market noise and distinguishes this new paradigm from efficient 

market hypothesis by calling it Noisy Market Hypothesis. Siegel (2006) continues that the 

Noisy Market Hypothesis can easily explain the small size and value anomalies. The researcher 

argues that in case of a stock price to decline due to reasons that is unrelated to the changes in 

fundamental value, the probability of overweighting these stocks yielding a better return than 

normal return, increases. In contrast, stocks that are rising in price more than their 

fundamentals, become “large stocks” with high price/earnings (P/E) ratios that are more likely 

underperforming. Second, the illiquidity premium of small capitalization firms has been offered 

to explain the higher return and volatility of equal-weighted portfolios compared to those of 

value-weighted portfolios. Amihud (2002) found that there is a positive and significant return-

illiquidity relationship. He concluded that due to higher sensitivity of small size stocks to 

illiquidity, the exposure to the illiquidity risk is higher and should lead to higher illiquidity 

premium, if priced correctly.  

In this thesis, the inequalities between these weighting procedures are reviewed through 

differences in overall performance and existence of seasonal effects. Thus, the portfolios used 

are weighted by capitalization of the firm, meaning bigger weight is given for the firms with 

higher market equity. These indices are described as value-weighted. In case of equal-

weighting, each firm inside a portfolio is invested in the same amount. Smaller and/or cheaper 

stocks have therefore higher representation in equal weighted portfolios than large cap stocks. 

(Johnston K., The Nest, 2020).   
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3. Methodology 

To detect seasonality inside other anomalies, dummy regression analysis and Welch t-test are 

employed. The data for the quantitative research is obtained from a data library accessible and 

available for everyone, maintained and established by researcher Kenneth R. French.  

3.1 Research approach 

The premise for this research is to employ deductive reasoning to find logical links together 

with possible findings, theory and previous findings.  

 

Figure 2: Research approach 

As seen in the literature review, seasonal effects have been found in both emerging and 

developed markets and inside all market factors dealt with in this thesis. Thus, the hypothesis 

for this study is that significant seasonalities should exist extensively throughout the dataset 

employed in this research. The empirical part will employ the dummy regression and Welch t-

test to locate the significantly different months, half-year periods and quarter-ends. Eventually, 

results in this study are compared to previous findings to obtain reasoning behind possible 

phenomenon. 

3.2 Dummy regression analysis 

The methodology used in this research is a multiple linear regression with dummy variables, 

shortly a dummy regression. Regression analysis is a simple way to examine relationships 

between different dependent and independent variables. In order to detect statistically 

significant seasonal effects inside other anomalies, dummy regression is employed. When using 

dummy variables, the variable under examination is coded to have a value of 1, as other 

variables are coded to have a value of 0. (Koutsoyannis, 1977) Furthermore a residual term !!	, 

which is the distance between fitted and observed value, is added to the equation. 

Theory Hypothesis Empirical 
testing

Confirmation 
/ Rejection
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Following Bouman and Jacobsen (2002), Jacobsen et al. (2005) and Mayberly and Pierce 

(2004), regression formulas to detect the Month-of-the-year, Halloween- and Quarter-end effect 

inside excess returns of market anomalies are as follows in equations 1 to 3, respectively: 

#! −	#" = ∑ '#(#! + !!
$%
#&$           (1) 

#!	 −	#" = '$*$! + '%+%! +	!!        (2) 

#! −	#" =	'$,$! + '%-%! + !!        (3) 

In Equation 1, #! −	#"	describes the excess return above market return on time t of the 

explained factor, '# is the regression coefficient. In a similar way, equation 2 and 3 are formed 

to detect Halloween and Quarter-end effect. Thus, dummy variables are coded to describe half 

a year periods (Equation 2) and quarters (Equation 3) to explain the variation in factor returns. 

Dummy variables are described with a symbol (#! for months, *#! for Halloween,  +#! for 

summer period and ,#! and -#! for quarter- and non-quarter ending months, respectively.  

When using dummy variables in a regression model, one label should be omitted to avoid the 

perfect multicollinearity where two or more independent variables are highly linearly related in 

the model. This is called dummy variable trap (Koutsoyannis, 1977) Other option to avoid the 

dummy variable trap is to suppress the intercept term to zero. This is called level means coding 

which is done in equations 1 to 3. As we are using level means coding instead of the more 

common dummy coding with a reference group, the interpretation of the coefficients and 

hypothesis testing changes. In a regular form of dummy coding, the intercept term would 

describe the mean value of the omitted reference group as coefficients would describe the 

deviation compared to this intercept value. This would allow the hypothesis testing whether the 

coefficients differ from each other. In this case, after level means coding, the coefficients 

describe simply the arithmetic mean returns and the interpretation becomes handy. However, 

we cannot no longer test the hypothesis of coefficients differing from each other but whether 

they differ significantly from zero. Thus, the null hypothesis (H0) for the regression models is 

as follows:  

H0: '# = 	0   ('-coefficient is equal to zero) 

H1: '# ≠ 	0  ('-coefficient is unequal to zero) 
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The acceptance and rejection of null hypothesis is based on p-value of each term. A low p-

value, below 0.05 risk level, indicates rejection of null hypothesis. The null hypothesis states 

that the variable coefficient is equal to zero. If the null hypothesis is rejected, the alternative 

hypothesis H1 comes into effect and we can conclude that the coefficient is significantly 

different from zero. (Minitab, 2020) 

Furthermore, in order to ensure that our results based on dummy regression are trustworthy, 

certain underlying assumptions are required to fulfil. To guarantee the validity of ordinary least 

squares estimates and to conclude that the model is Best Linear Unbiased Estimator (BLUE), 

Gauss Markov Assumptions in diagnostic checking are followed. (Statistics How To, 2020a; 

Statistics By Jim, 2020c). 

(i) var(#!) =	var(!) = 1%: The error term has a constant variance. 

 

(ii) Cov(!# , !() = 0,3ℎ56	7	 ≠ 8: Error terms are uncorrelated with each other. 

 

(iii) No perfect collinearity between explanatory variables. Independent variable is not a 

perfect linear function of another independent variable. 

 

(iv) The error term is normally distributed. 

In case of not meeting the requirements, 9(!#) = 0 is not true, estimates may become biased 

and/or standard errors becomes unreliable. If the assumptions hold, Ordinary Least Square 

(OLS) becomes the most efficient estimator and we can safely use hypothesis testing whether 

our independent variables or overall model is statistically significant. One way to assess these 

assumptions would be with residual plots. Instead, in this research we are employing several 

statistical tests to ensure the fulfilment of these diagnostics. 

Homoscedasticity assumption is observed by employing White’s test for heteroscedasticity 

whereas autocorrelation is examined through Durbin-Watson test. Since dealing with dummy 

variables as the only independent variables, perfect multicollinearity is avoided by omitting one 

label of a categorical variable or alternatively suppressing the constant term in the regression 

to avoid dummy variable trap. Because of level means coding, multicollinearity will not cause 

problems in analysing the results. Normality assumption refers to the normal distribution of the 

disturbance term which is the random error between independent and dependent variables. 
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Thus, the assumption requires not the normal distribution of single independent variables, as is 

often understood. According to Statistics Solutions (2013), there are couple of consequences to 

walk into if the assumption of normality is violated. If the normality assumption is not met, it 

does not cause the model to be ineffective or biased but affects to the calculations of p-values 

for significance testing. However, this is the case when sample size is very small.  In case of 

large sample sizes, the normality assumptions do not need to be taken account as Central Limit 

Theorem verifies the distribution of disturbance term to approximate normality. As the sample 

size in this thesis is sufficiently large, the study will not be influenced by the causes of non-

normality. 

Results of assumption testing are interpreted under descriptive statistics. In order to find 

evidence of regression assumption violation, the conclusion that the model is no longer BLUE, 

can be made. Violation of underlying assumptions of the regression model gives evidence of 

detrimental patterns in error terms of the model which in turn weakens the explanatory and 

predictive power of the model. To avoid the estimate biasness or unreliability of standard errors 

caused by autocorrelation and heteroscedasticity in error terms, researchers Newey and West 

(1987) developed a Newey-West heteroscedasticity and autocorrelation consistent (HAC) 

estimator. The estimator produces corrected standard errors for the coefficients estimated by 

the original Ordinary Least Squares. (Newey & West, 1986) If the heteroscedasticity or 

autocorrelation structure is assumed in error terms, Newey-West estimator is utilized via 

statistic program Stata.  

3.3 Welch t-test 

The independent samples t-test can be used in two different ways, the Student’s t-test which 

assumes the variances of different samples to be equal, and Welch t-test which is not that 

restrictive according to equal variances and allows the variances to be unequal. Welch t-test 

then results in fractional degrees of freedom compared to Student’s t-test. Welch t-test is an 

adaption of Student’s t-test used to compare the means of two different groups in situations 

where the equality of variance assumption is violated. The typical research question for Welch 

t-test is that whether the means of two independent groups are equal with each other. In case of 

rejecting the null hypothesis, we are allowed to conclude that the means are unequal. 

(Datanovia, 2020) Thus, the null hypothesis and the alternative hypothesis are set to following 

form: 
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H0: The means of two groups are equal 

H1: The means of two groups are unequal 

Welch t-statistic is calculated according to Equation 7: 

; = 	
"")"#

*$"%
&"
+$#

%
&#

           (4) 

Unlike, Student’s t-test, Welch’s t-test does not use the pooled variance but allows the 

comparison of variances between two groups. In Equation 4, < is for mean values for each 

group, = stands for standard deviation and 6 is the number of observations for each group. 

Before interpreting the result, degrees of freedom have to be defined. The equation to calculate 

the degrees of freedom is as follows:   
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)       (5) 

Ultimately, the t-statistic is compared to its critical value based on the t-table. If the t-statistic 

is greater than the corresponding critical value, we are allowed to reject the null hypothesis and 

conclude that the means of two groups are significantly different. To obtain reliable results, 

certain assumptions need to be fulfilled. The two samples under examination are required to be 

drawn from a normal population with means <0 and <1 and variances =0
%	and =1

% . In addition, 

the two samples need to be independent. (Redwoods, 2020)  

3.4 The Sharpe Ratio and Modified Sharpe Ratio 

A common practice to evaluate portfolio performance is to utilize the Sharpe Ratio (SR). 

Method developed by Sharpe (1966) helps portfolio manager to determine the excess return per 

unit of risk, earned excess to risk-free return. In other words, the Sharpe Ratio measures the 

return earned excess to risk-free returns relative to its volatility. The Sharpe ratio is calculated 

as follows: 

+## =	
2()2)
3(

           (6) 

Where, ## 	is the average return of fund 7 over the time period considered.  #4 is the risk-free 

rate and 1# the standard deviation of the excess return of the fund over the time period 
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considered. In this thesis, U.S. 1-month Treasury bill rate is used as a measure of risk-free 

return. The interpretation of the Sharpe Ratio is straightforward. In general, the higher the 

Sharpe Ratio, the better and more attractive is the risk-adjusted return. However, the excess 

return used in order to calculate the so-called reward-to-variability ratio can be either negative 

or positive. In case of negative excess return, the reliability of the Sharpe Ratio as a performance 

measurement decreases. For that reason, Israelsen (2005) introduced a refinement to the Sharpe 

Ratio called Modified Sharpe Ratio. Inasmuch the excess return is found to be negative, an 

exponent dividing the excess return by its absolute value, is added to the denominator of the 

Sharpe Ratio equation. Otherwise, positive excess return will provide similar results between 

the Sharpe- and Modified Sharpe Ratio. In this thesis, the Modified Sharpe Ratio is used to 

measure the overall performance of the portfolios constructed. Interpretation of the Modified 

Sharpe Ratio is identical with the Sharpe Ratio. 

3.5 Data and variables 

The portfolio return data for this thesis is collected from French’s data library. The employed 

data include two market types, Emerging and Developed, and two asset pricing anomaly 

classes, Book-to-Market and Momentum, as a basis for the portfolios constructed. The data for 

this research contains continuous monthly returns for emerging and developed markets which 

are then subtracted by market return to obtain robust excess returns. The market returns for 

developed and emerging markets are collected from Thomson Reuters Datastream -database. 

All returns are in U.S dollars, including dividends and capital gains and the returns are not 

continuously compounded. The sample period is from November 1990 to December 2019. 

(French, 2019) The frequency of monthly returns was used because it provided sufficient 

amount of observations to secure the statistical power and to avoid the exposure to extraneous 

micro-structure issues.  The countries included in developed and emerging markets are depicted 

in Table 2. 
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Table 2: Developed and Emerging markets by countries 

Developed markets Emerging markets 
Australia Hong Kong Argentina Pakistan 
Austria Ireland Brazil Peru 
Belgium Italy Chile Philippines 
Canada Japan China Poland 
Switzerland Netherlands Colombia Qatar 
Germany Norway Czech Republic Russia 
Denmark New Zealand Egypt Saudi Arabia 
Spain Portugal Greece South Africa 
Finland Sweden Hungary South Korea 
France Singapore India Taiwan 
Great Britain United States Indonesia Thailand 
    Malaysia Turkey 
  Mexico United Arab Emirates 

 

3.5.1 Portfolio construction 

The basis of portfolios constructed in this thesis lies in the pre-calculated portfolios for each 

factor in Kenneth French’s data library1. To detect seasonality inside firm size and value 

anomaly, we use portfolios constructed by size and book-to-market equities (B/M). Stocks are 

sorted in a country into two market capitalization and three B/M groups at the end of June each 

year t, concluding a 2 x 3 sorts on size and B/M. Fama and French (2012) have mentioned that 

the NYSE median corresponds approximately to 90% of the aggregate market capitalization. 

As they expanded their research to international setting, they used size breakpoints that big 

stocks represent the top 90%. Thus, in this thesis, big stocks are also those in the top 90% of 

June’s market cap for each country, whereas small stocks are those in the bottom 10%. The 

B/M breakpoints in a 2 x 3 sorts for a country are the 30th and 70th percentiles for the big stocks 

of a country.  Overall, six portfolios are constructed: small growth (SG), small neutral (SN), 

small value (SV), big growth (BG), big neutral (BN) and big value (BV). Growth stocks are 

those with low B/M ratio, whereas value stocks are those with high B/M ratio. Thus, growth, 

 

1 http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html 
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neutral and value indicate bottom 30%, neutral 40% and top 30% of B/M, respectively. (French, 

2019)  

In addition, to detect seasonality inside firm size and momentum anomaly, we use portfolios 

constructed by size and past momentum. Stocks are sorted in a country into two market 

capitalization and three lagged momentum return groups in the end of each month t, concluding 

2 x 3 sorts on size and past momentum. Big stocks are those in the top 90% for each country 

whereas small stocks are ones in the bottom 10%. Portfolios are formed at the end of month t-

1. The lagged momentum return is then the cumulative return of t-12 to t-2 for each stock. 

According to Jegadeesh and Titman (1995), the most recent month is excluded due to short-

term return reversal which is a characteristic for momentum and a consequence of market 

microstructure effects. The momentum breakpoints for all the stocks for each country are the 

30th and 70th percentiles of the lagged momentum return of big stocks in a country. Eventually, 

six portfolios are constructed: small losers (SL), small neutral (SN), small winners (SW) and 

big losers (BW), big neutral (BN) and big winners (BW). Losers are those with low momentum 

whereas winners are those with high momentum. (French, 2019) Following procedures are 

repeated to construct six portfolios to both emerging and developed markets and for equal- and 

value weighting procedures.  

To detect seasonal effects inside value and momentum factors and to distinguish the size effect 

from the original portfolios, we need further calculations. To observe the size effect, SMB 

(small minus big) factor is calculated for value sorted portfolios as follows:  

+DE =
$
5 ∗ (+G + +- + +H) −

$
5 ∗ (EG + E- + EH)      (7) 

and for momentum-sorted portfolios as follows: 

+DE =
$
5 ∗ (+I + +- + +J) −

$
5 ∗ (EI + E- + EJ)     (8) 

Where SV, SN and SG states for Small Value, Small Neutral and Small Growth, respectively. 

Similarly, BV, BN and BG states for Big Value, Big Neutral and Big Growth, respectively. In 

case of Momentum factor, SW, SN and SL stands for Small Winner, Small Neutral and Small 

Loser portfolios, respectively. Analogously, capital B indicates for Big companies. Thus, SMB 

factor is the average return of three small portfolios subtracted by the average return of three 
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large portfolios. In this way we can scrutinize the existence of seasonal effects solely by firm 

size.  

Furthermore, to observe the value effect, we are calculating the HML (high minus low) factor 

for full dataset sorted by book-to-market but in addition, separately for small (*DJ6) and large-

cap (*DJ7)	firms. This way we can find more insight into the linkage between value effect 

and firm size. HML factor is calculated as follows in Equation 9:  

*DJ =
$
% ∗ (+<KLL	GKLM5 + E7N	GKLM5) −

$
% ∗ (+<KLL	GKLM5 + +<KLL	HOP3;ℎ)  (9) 

HML factor for small- and large-cap firms separately are calculated as in Equations 10 and 11, 

respectively: 

*DJ6 = (+<KLL	GKLM5 − +<KLL	HOP3;ℎ)       (10) 

*DJ7 = (E7N	GKLM5 − E7N	HOP3;ℎ)       (11) 

Eventually, we are also interested about seasonal effects in long-only strategies. As mentioned 

earlier, previous findings have stated that value stocks have outperformed growth stocks in the 

long run (De Bondt & Thaler, 1985; Fama & French, 1992; Lakonishok et al. 1994). Thus, in 

this research we are examining the value portfolios separately and looking for seasonal effects 

inside these portfolios. 

In case of Momentum portfolios, in addition to SMB factor, we calculate the WML (Winner 

minus Loser) factor for the full dataset, and separately for small- and large-cap firms 

(IDJ6		&	IDJ7). Moreover, we form long-only strategy portfolios JR68 	&	JR78, where SM 

stands for small (cap) momentum and LM for large (cap) momentum. Winner minus loser factor 

is calculated as follows (French, 2020): 

IDJ =
$
% ∗ (+<KLL	*7Nℎ + E7N	*7Nℎ) −

$
% ∗ (+<KLL	JP3 + 	E7N	JP3)   (12) 

Correspondingly, WML factors are calculated for both small- and large-cap firms to distinguish 

the effect of firm size to momentum factor. IDJ,	&	IDJ7	are calculated as in Equations 13 

and 14, respectively: 

IDJ, = +<KLL	I7665O − +<KLL	JP=5O       (13) 
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IDJ7 = E7N	I7665O − E7N	JP=5O        (14) 

Ultimately, after determining of above depicted factors, each factor is subtracted by market 

return to describe robust excess returns for each factor. This way the possible results are more 

likely an indication of seasonal effects explaining excess returns in different factors. As an 

indication of market return, MSCI Emerging Market and MSCI Developed Market price indices 

denominated in US dollars are employed. After calculating the stock-factor returns and robust 

excess returns for each factor, returns are continuously compounded by natural logarithm.  

3.5.2 Descriptive statistics 

Before taking a brief overview to the observed dataset, calculation methods for the different 

statistics are reviewed. To observe the normality, Jarque-Bera test statistics is employed. 

Jarque-Bera utilizes the skewness and kurtosis calculated for each distribution. Skewness is 

calculated with Excel function according to Equation 15: 

Skewness = 
-

(-)$)(-)%)∑ (
9()9̅
, )5-

#&$         (15) 

Where, 

n = Sample size, 

s = Standard deviation,  

S̅ = Arithmetic mean. 

Reference value for normally distributed skewness is zero. Thus, negative values would 

indicate left skewed distribution. In addition, left skewed distribution would indicate that the 

left-handed tail would be larger compared to right-handed tail.  Correspondingly, positive 

skewness would indicate right skewed distribution and larger right-handed tail.  

Regularly, kurtosis is defined by following equation 16: 

UMO;P=7= =
$
-∑

(9()9̅)'
,'

-
!&$ 	         (16) 

The reference value for the kurtosis is equal to 3. However, most of the statistical softwares 

calculate automatically the excess kurtosis, as also does the Excel. In such case, the reference 
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value for the normal distribution is equal to zero. Thus, Excel function for excess kurtosis can 

be written as follows: 

9SV5==	WMO;P=7=	 = (
-(-+$)

(-)$)(-)%)(-)5)∑ @
9()9̅
, A

;
)-

#&$ −
5(-)$)%
(-)%)(-)5    (17) 

Where, 

n = Sample size, 

s = Standard deviation,  

S̅ = Arithmetic mean. 

Kurtosis measures the heaviness of the tails. Positive kurtosis indicates thicker tails whereas 

negative kurtosis depicts thinner tails. Ultimately, the Jarque-Bera statistics to observe the 

normality of the distribution is calculated by following Equation 18: 

XKOYM5 − E5OK = 	
-
< @+

% + (=)5)%
; A        (18) 

Where, 

n = Sample size, 

S = Sample skewness, 

K = Sample excess kurtosis. 

The equation is then tested against the null hypothesis that the observation is drawn from the 

distribution that is normally distributed. If the p-value of Jarque-Bera is revealed to be less than 

0.05 the null hypothesis of normal distribution is rejected. (NumXL, 2020).  

As reported in Table 3, according to absolute mean returns, long-only portfolios show the 

highest arithmetic mean returns. Taking a long position on small value stocks or past winner 

stocks have generated the highest absolute mean return. Except for Emerging markets, the 

poorest absolute mean return seems to occur in SMB portfolio. In addition, large long-short 

portfolios show lower absolute mean returns compared to overall long-short and small cap 

strategies.  



 

 
33  

 

Based on normality tests with Jarque-Bera statistics, we can conclude that none of the 

distributions are normally distributed. Except for long-short momentum portfolios, skewness 

values are sufficiently close to zero, but kurtosis values show every variable to have thicker 

tails than the reference value for normal distribution would recommend.  

Table 3 also comprises the results of assumption testing for autocorrelation and 

heteroscedasticity under primary dummy regressions. To detect autocorrelation and 

heteroscedasticity of the error terms, the Durbin-Watson and White’s tests were employed, 

respectively. White’s heteroscedasticity test was tested against the null hypothesis that error 

terms are homoscedastic. P-values beneath the significance level of 0.05 would indicate error 

terms to be heteroscedastic and thus violating the assumption of homoscedasticity. The Durbin-

Watson test was employed to detect first order autocorrelation and the statistics close to 2 would 

indicate distributions having no first order autocorrelation. Correspondingly, values from 0 to 

2 would indicate positive autocorrelation as values between 2 and 4 would indicate negative 

autocorrelation. According to the test results, none of the error term distribution were 

heteroscedastic, but DW statistics being close to 3, mainly for Long-only portfolios, indicates 

a mild negative first order autocorrelation. In order to maintain the validity of dummy 

regression to examine seasonal effects, the Newey-West heteroscedasticity and autocorrelation 

consistent (HAC) estimator is employed for further research. Despite most of the distributions 

fulfilled the underlying assumptions of a regression analysis, the same estimator is employed 

for every dependent variable to retain the comparability of the results. 
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Table 3: Descriptive statistics of equal- and value-weighted portfolios constructed by Size, Book-to-Market and Momentum factors for Developed 
and Emerging markets. To detect normality, autocorrelation and heteroscedasticity - Jarque-Bera, Durbin-Watson (DW) and White’s test were 
employed, respectively. Significant test statistics are denoted with ***, ** and * indicating significance at 1%, 5% and 10% levels, respectively. 

  Mean sd Min Max Skew. Kurt. Jarque-Bera DW White 

N = 350 EW VW EW VW EW VW EV VW EW VW EW VW EW VW EW VW EW VW 

Developed markets                                     

B/M                                     
SMB 0,116 % -0,034 % 0,020 0,020 -7,2 % -10,7 % 9,9 % 10,3 % 0,472 -0,336 2,706 4,327 14,2*** 32,2***   1.998   1.988 .4222 .6489 
HML 0,450 % 0,219 % 0,022 0,023 -9,3 % -10,6 % 13,4 % 11,5 % 0,420 0,298 8,086 5,208 387,4*** 76,2***   1.767   1.807 .2989 .4147 
HML small 0,764 % 0,430 % 0,022 0,026 -9,3 % -14,4 % 11,7 % 14,7 % -0,099 0,132 4,814 7,154 48,5*** 252,6***   1.683   1.679 .3217 .2944 
HML Large 0,127 % -0,005 % 0,026 0,025 -10,0 % -9,4 % 15,5 % 11,4 % 0,729 0,412 8,644 2,404 495,4*** 15,0***   1.855   1.968 .2886 .5917 
Long-only small 1,273 % 0,804 % 0,044 0,043 -25,0 % -22,1 % 16,3 % 11,3 % -0,854 -0,936 4,390 2,925 70,6*** 51,1***   2.670   2.797 .9382 .9531 
Long only large 0,770 % 0,568 % 0,047 0,047 -26,6 % -25,4 % 19,7 % 15,3 % -0,759 -0,953 4,124 3,239 52,0*** 53,8***   2.783   2.900 .8356 .6499 
MOM                                     
SMB 0,352 % 0,122 % 0,019 0,018 -5,6 % -5,8 % 9,6 % 5,1 % 0,424 -0,153 1,565 0,492 40,5*** 93,0***   1.946   1.959 .4646 .6499 
WML 0,599 % 0,501 % 0,035 0,039 -25,1 % -27,8 % 13,9 % 16,4 % -1,626 -1,484 10,090 9,801 887,1*** 803,1***   1.795   1.840 .4108 .3375 
WML small 0,850 % 0,700 % 0,033 0,038 -24,8 % -28,7 % 8,5 % 15,5 % -2,337 -1,898 13,561 12,355 1944,9*** 1486,5***   1.768   1.811 .4738 .38 
WML large 0,334 % 0,289 % 0,041 0,043 -25,5 % -26,8 % 19,0 % 17,2 % -0,993 -0,988 7,139 6,374 307,3*** 222,9***   1.843    1.877 .3561 .2848 
Long-only small 1,513 % 1,118 % 0,048 0,048 -22,7 % -23,4 % 14,0 % 16,0 % -1,125 -1,093 3,172 3,119 74,2*** 69,8***   2.674   2.780 .8211 .7883 
Long only large 0,889 % 0,799 % 0,046 0,045 -21,7 % -17,4 % 14,9 % 15,8 % -0,892 -0,796 2,722 2,046 47,5*** 50,2***   2.899   2.934 .6526 .6384 
Emerging Markets                                     
B/M                                     
SMB 0,293 % -0,091 % 0,020 0,023 -4,7 % -7,3 % 8,0 % 6,9 % 0,605 -0,129 1,719 0,710 45,2*** 77,4***   1.582   1.662 .8936 .9518 
HML 0,869 % 0,630 % 0,020 0,023 -8,6 % -12,9 % 6,7 % 6,2 % -0,568 -0,377 2,808 3,026 19,3*** 8,2***   1.689   1.815 .8528 .8075 
HML small 1,097 % 0,963 % 0,032 0,030 -16,5 % -14,7 % 14,1 % 12,1 % -0,458 -0,487 5,277 3,679 87,8*** 20,5***   1.556   1.768 .6048 .7351 
HML Large 0,610 % 0,266 % 0,020 0,028 -11,8 % -11,2 % 8,9 % 8,4 % -0,143 -0,146 4,712 0,820 43,9*** 70,5***   1.851   1.877 .8915 .8827 
Long-only small 1,666 % 1,173 % 0,057 0,062 -28,9 % -31,9 % 20,6 % 24,1 % -0,468 -0,614 2,685 2,935 14,2*** 22,0***   2.726   2.947 .6211 .5978 
Long only large 1,074 % 0,837 % 0,065 0,066 -33,3 % -35,7 % 20,3 % 19,1 % -0,664 -0,794 3,066 3,173 25,7*** 37,2***   2.718    2.885 .4936 .3292 
MOM                                   
SMB 0,622 % 0,151 % 0,022 0,022 -9,0 % -7,9 % 8,5 % 7,9 % 0,202 -0,022 1,598 1,733 31,0*** 23,4***   1.804   1.842 .3613 .7537 
WML 0,408 % 0,735 % 0,037 0,030 -29,8 % -16,2 % 12,6 % 8,7 % -2,790 -1,635 17,124 6,763 3363,1*** 362,3***   1.675   1.640 .5683 .7482 
WML small 0,306 % 0,847 % 0,046 0,037 -35,4 % -20,4 % 16,8 % 12,9 % -2,387 -1,486 14,919 7,349 2404,2*** 404,6***   1.693   1.621 .6404 .6451 
WML large 0,485 % 0,591 % 0,035 0,033 -24,6 % -15,6 % 10,9 % 9,5 % -2,413 -0,963 12,217 3,195 1578,7*** 54,6***   1.689   1.704 .5343 .8275 
Long-only small 1,503 % 1,216 % 0,059 0,061 -27,3 % -30,4 % 15,6 % 18,6 % -0,667 -0,803 1,543 2,532 56,8¨*** 40,8***   2.114   2.025 .9645 .9023 
Long only large 0,977 % 0,976 % 0,059 0,062 -32,0 % -31,3 % 13,4 % 16,2 % -1,143 -1,067 3,399 3,391 78,4*** 68,6***   2.019   2.057 .6511 .7881 
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4. Results 

In this section, the results of Month-of-the-year, Halloween and Quarter-end effects inside 

portfolios constructed by equal- and value-weighted Size, Book-to-Market and Momentum 

factors in Emerging and Developed markets are reviewed. Ultimately, 32 long-short and 16 

long-only portfolios, totalling 48 different strategies were constructed to achieve a holistic view 

of possible seasonal effects within size, book-to-market and momentum anomalies. According 

to preliminary dummy regressions and therefrom derived regression assumption testing, error 

terms showed no crucial heteroscedasticity but a mild autocorrelation in some of the portfolios 

constructed. To overcome the mild serial correlation and to retain the reliability and validity of 

the results, Newey-West heteroscedasticity and autocorrelation consistent estimator was 

employed for all regressions by using Stata. 

Different portfolios are describing long-short and long-only strategies. SMB is a long-short 

strategy taking a long position on small capitalization firms and short on large capitalization 

firms, whereas HML portfolio is long on high Book-to-Market, in other words value stocks, 

and short on low Book-to-Market growth stocks. Similarly, WML portfolio is long on past 

winner stocks and short on past loser stocks. HML and WML portfolios are furthermore divided 

by the firm capitalization to HML small, HML large, WML small and WML large to distinguish 

the size effect also inside these portfolios to observe whether the size is incorporated to value 

or momentum profits. Portfolios constructed by Book-to-Market are rebalanced annually as 

portfolios constructed by Momentum are rebalanced monthly. 

In order to examine whether different strategies succeeded in generating excess profits, returns 

for each strategy were first calculated excess to risk-free returns. Risk-free rate of return used 

throughout the thesis was U.S. 1-month Treasury bill. Mean excess return above risk-free rate 

were then regressed against months, half-year and quarter-end periods. Subsequently, to 

observe the robustness of the effects, portfolio returns were calculated excess to market return. 

For this purpose, Developed and Emerging market indices maintained by MSCI were utilized. 

Finally, to receive additional evidence of the statistical significance, Welch t-test was employed 

to find significant differences in mean excess returns. 
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Welch t-test was first utilized to find statistically different mean excess return of a single month 

compared to the mean excess return of the remainder of the year. Subsequently, consecutive 

statistically significant and positive months were bundled into single dummy variable and 

compared to statistically insignificant months bundled as another variable. Moreover, 

statistically significant and higher winter-time periods were compared to summer periods as 

well as quarter-ends compared to other months. 

Due to multidimensional dataset, to ease the reporting especially in value charts and Welch t-

test results, each portfolio is described as an abbreviation. To clarify the notation for each 

dependent variable, the first capital letter D or E stands for developed and emerging markets, 

respectively. The second letter e or v describes the weighting procedure and stands for equal 

and value weighted, respectively.   The following capital letters determines the market factor 

and the investment strategy.  SMB stands for Small minus Big, HML for High minus Low, 

WML for Winner minus Loser, LO for Long-Only strategy. Preceding the last letter is a 

subscript of s and l for small and large describing the market capitalization. Finally, the last 

letter b or m describes if the portfolio is constructed by Book-to-Market or Momentum factor. 

4.1 Overall performance of constructed portfolios 

Table 4 presents raw and risk-adjusted returns of Developed markets to compare the overall 

performance between different portfolios over the period of 1990-2019. Developed market 

index has generated 5,7% annual return with an annual volatility of 15,4%. According to 

absolute geometric mean returns in Developed markets, long position in past small 

capitalization winners has generated superior 19,9% and 14,4%, annual returns when it comes 

to equal and value weighted portfolios, respectively. 

The best-performing long-short strategy over the whole sample period in Developed markets 

has been the small capitalization WML portfolio with an annual geometric mean of 10,7% and 

8,8% in equal- and value-weighting, respectively. Overall, in every strategy, equal-weighted 

portfolios seem to outperform value-weighted portfolios which is in line with the finding of 

Plyakha et al. (2014) that equal weighted portfolios outperform value weighted portfolios in 

total returns. The results of e.g., Breen et al. (1989) Canina et al. (1998) and Jegadeesh & 

Titman (1993) suggests that the volatility of equal-weighted portfolios is higher than 

corresponding value-weighted portfolios. In Developed markets, the difference does not seem 

to be that clear. Among B/M based portfolios, value-weighted HML and HML small portfolios 
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bear higher risk than equal-weighted correspondents. However, among momentum-based 

portfolios, volatilities are more in line with the findings of Breen et al. (1989) Canina et al. 

(1998) and Jegadeesh & Titman (1993). 

Table 4: Portfolio performance measurement of long-short and long-only strategies for 
Developed markets. Table shows annualized geometric mean return, volatility, beta and the 
Modified Sharpe Ratio for each specific portfolio over the period of November 1990 to 
December 2019. The Sharpe Ratio is modified following Israelsen (2005) refinement for the 
Sharpe Ratio. Risk-adjusted measures for excess risk-free returns are calculated using 1-month 
U.S. Treasury Bill rate.  

  Geometric mean Volatility Beta Modified Sharpe 

Developed markets EW VW EW VW EW VW EW VW 

DM market index 5,70 % 15,40 %         
B/M                 
SMB 1,40 % -0,40 % 7,10 % 7,00 % -0,095 -0,003 -0,00008 -0,00019 
HML 5,60 % 2,70 % 7,70 % 8,00 % -0,094 -0,025 0,343 -0,00001 
HML small 9,60 % 5,30 % 7,70 % 9,00 % -0,154 -0,061 0,833 0,268 
HML Large 1,50 % -0,10 % 8,90 % 8,80 % -0,034 0,012 -0,00009 -0,00021 
Long-only small 16,50 % 10,10 % 15,20 % 14,80 % 0,607 0,052 0,821 0,465 
Long only large 9,70 % 7,00 % 16,40 % 16,40 % 0,785 0,092 0,394 0,248 
MOM                 
SMB 4,30 % 1,50 % 6,70 % 6,30 % -0,118 -0,048 0,217 -0,00007 
WML 7,40 % 6,20 % 12,20 % 13,50 % -0,193 -0,209 0,364 0,242 
WML small 10,70 % 8,80 % 11,30 % 13,00 % -0,155 -0,196 0,662 0,434 
WML large 4,10 % 3,50 % 14,20 % 15,00 % -0,231 -0,222 0,089 0,047 
Long-only small 19,90 % 14,40 % 16,50 % 16,70 % 0,613 0,67 0,933 0,637 
Long only large 11,30 % 10,10 % 15,80 % 15,70 % 0,675 0,682 0,501 0,434 

 

Among equal-weighted portfolios, both SMB portfolios, HML, HML large and WML large 

portfolios have been outperformed by market index. For instance, poor annual return of HML 

large strategy is explained by the well performed large growth stocks as is seen by subtracting 

the annual return of large value stocks (long-only large) from the return of HML large. In other 

words, shorting growth stocks has not worked as was desired. Similarly, with WML large 

strategy large loser stocks have performed better than desired over the period. Among value 

weighted portfolios, in addition to long-only portfolios, WML and WML small portfolios are 

the only strategies generating higher annual mean returns than the market return. As stated 

before, small capitalization companies have higher proportion in equal-weighted portfolios than 

in value-weighted portfolios. This contributes to the hypothesis that small size has some effect 
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in explaining portfolio returns excess to market index. Annual volatility of each portfolio 

indicates that long-short strategies have managed to diversify the risk to be lower compared to 

risk of market index or top-decile strategies. Negative beta coefficients of long-short strategies 

indicate that the portfolio returns move in opposite directions with market returns. 

When it comes to risk-adjusted returns, among equal-weighted portfolios, HML small and 

WML small have generated highest risk-adjusted returns among long-short strategies. Among 

long only portfolios, small value and small winner portfolios have outperformed other long-

only strategies in terms of the Modified Sharpe Ratio. Similarly, corresponding strategies of 

value-weighted portfolios have generated the highest Modified Sharpe Ratio. 

Table 5 presents the raw return statistics for Emerging markets over the whole sample period 

of 1990-2019. Emerging market index has generated annual return of 5,9% with an annual 

volatility of 22,9%, thus outperforming Developed market index by annual 20 basis points, yet 

bearing remarkably higher risk. In terms of absolute returns, long-only portfolios have 

generated superior returns compared to long-short strategies among both equal- and value-

weighted portfolios. Equal-weighted small-cap value stocks have generated the highest annual 

return of 22,1%. Among value-weighted portfolios, small winner stocks have generated the 

highest annual return of 15,7%. The best-performing long-short strategy has been small cap 

HML portfolio with 14,1% equal-weighted and 12,2% value-weighted returns. Interestingly, 

value weighted WML based portfolios are only portfolios that outperform the corresponding 

equal-weighted portfolios.  

In Emerging markets, SMB size factor calculated from size and B/M portfolios has performed 

worst in both equal- and value-weighted portfolios. Interestingly, small capitalization WML 

portfolio shows worst annual return among the equal-weighted momentum strategies. 

Regarding risk, annual volatility of each strategy indicates that long-short strategies have 

managed to reduce the risk as long-only portfolios show higher annual volatilities. In total, 

momentum-based portfolios bear higher risk than B/M based portfolios in Emerging markets. 

Overall, in Emerging markets, negative beta coefficients of long-short strategies indicate 

portfolio returns to move into opposite directions with market return, likewise in Developed 

markets. 
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Table 5: Portfolio performance measurement of long-short and long-only strategies for 
Emerging markets. Table consists annualized geometric mean return, volatility, beta and the 
Modified Sharpe Ratio for each specific portfolio over the period of November 1990 to 
December 2019. The Sharpe Ratio is modified following Israelsen (2005) refinement for the 
Sharpe Ratio. Risk-adjusted measurements for excess risk-free returns are calculated using 1-
month U.S. Treasury Bill rate. 

  Geometric mean Volatility Beta Modified Sharpe 

Emerging markets EW VW EW VW EW VW EW VW 
EM market index 5,90 % 22,90 %     

B/M         

SMB 3,60 % -1,10 % 6,80 % 7,90 % -0,103 -0,102 0,112 -0,00025 
HML 11,00 % 7,80 % 7,00 % 7,90 % -0,001 0,046 1,084 0,606 
HML small 14,10 % 12,20 % 11,00 % 10,30 % -0,049 0,022 0,939 0,856 
HML Large 7,60 % 3,20 % 7,10 % 9,60 % 0,048 0,07 0,644 0,045 
Long-only small 22,10 % 15,10 % 19,70 % 21,40 % 0,6 0,712 0,874 0,529 
Long only large 13,80 % 10,60 % 22,70 % 22,90 % 0,761 0,822 0,446 0,317 
MOM         

SMB 7,70 % 1,80 % 7,60 % 7,50 % -0,117 -0,099 0,624 -0,00006 
WML 5,00 % 9,20 % 12,90 % 10,20 % -0,121 -0,086 0,165 0,593 
WML small 3,70 % 10,70 % 15,80 % 12,70 % -0,118 -0,096 0,057 0,584 
WML large 6,00 % 7,40 % 12,20 % 11,30 % -0,125 -0,076 0,250 0,384 
Long-only small 19,80 % 15,70 % 20,40 % 21,10 % 0,56 0,665 0,747 0,560 
Long only large 12,40 % 12,40 % 20,40 % 21,50 % 0,688 0,769 0,438 0,416 

 

In terms of risk-adjusted returns, equal-weighted long-short HML and SMB of Momentum 

factor have been superior compared to other long-short strategies. Long-only small value and 

small winner portfolios have generated the highest risk-adjusted returns among long-only 

strategies. Correspondingly, among value-weighted strategies, HML small and WML have 

reached the highest risk-adjusted returns among long-short strategies.  

Overall, when comparing raw returns in Developed and Emerging markets with each other, 

long-only strategies in Emerging markets have generated superior annual returns, especially 

among small capitalization stocks. Similarly, among long-short strategies, equal-weighted 

small HML portfolio of Emerging markets has generated superior profits. When it comes to 

risk-adjusted returns, among long-short strategies, equal-weighted HML portfolio shows the 

highest Modified Sharpe ratio of 1,084 in Emerging markets and HML small, 0,833 in 

Developed markets. Correspondingly, among top-decile portfolios, small winners in Developed 
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markets and small value stocks in Emerging markets have been superior strategies according to 

risk-adjusted returns. In conclusion, even though Emerging markets bear higher risk compared 

to Developed markets, equal-weighted HML portfolio in Emerging markets has performed the 

best in terms of risk-adjusted returns and slightly better compared to the HML small portfolio 

of Developed markets.  
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Figure 3: Cumulative returns of best performing equal-weighted long- and long-short strategies 
according to risk-adjusted returns. Figure shows the value of 100$ invested to each strategy 
over the period of November 1990 to December 2019. 
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Figure 3 shows a value of 100$ invested to the best-performing long and long-short strategies 

according to the Modified Sharpe ratio. Taking a long position in small capitalization value 

stocks in Emerging markets would have generated astonishing 33 913% in cumulative returns 

totalling 34 012,84 U.S. dollars. Development in long portfolios of small winners in both 

Emerging and Developed markets has been the next strongest yielding 19 180% and 19 812% 

in cumulative returns generating 19 279,86$ and 19 912,16$, respectively. As a comparison, 

benchmark indices have yielded 406% cumulative return in Developed markets and 433% 

cumulative return in Emerging markets, generating 506,13$ and 533,0$ respectively. 

According to cumulative returns of long-short strategies, taking a long position on value stocks 

and short position on growth stocks in Emerging markets has been a superior strategy. Strategy 

has generated a cumulative return of 1991% totalling 2091,9 US dollars. Next strongest long-

short strategies have been the corresponding HML small strategy for Developed markets and 

momentum-based portfolio taking a long position on small winners and short position on small 

losers. Exactly the same portfolios of value weighted strategies have generated highest, 

however lower risk-adjusted returns in Developed markets compared to equal-weighted 

portfolios. In Emerging markets, HML small cap strategy outperforms HML strategy and WML 

strategy outperformed WML small strategy.  

Interestingly, according to Figure 3, despite the long-short strategy, the decline in value is 

highly visible around 2008 which was a time period nowadays known as Global Financial 

Crisis. However, if taken a closer look on long-short strategies, again, most of the portfolios 

show a decline around the crisis but HML small in Developed markets and HML and SMB in 

Emerging markets have survived of the crisis seemingly better. This could be explained by the 

relatively bigger impact of the large stocks. Therefore, short position gains on large-cap stocks 

have covered the losses of long position on small-cap stocks. 

4.2 Seasonal effects inside fundamental anomalies 

4.2.1 Month-of-the-year effect 

This section concludes the results of empirical testing of Month-of-the-year effect. To examine 

the Month-of-the-year effect, Dummy regression with Newey-West standard errors was 

employed using each month as an independent variable to explain the variation of each portfolio 

returns. As the dataset was constructed to describe the mean excess returns for developed and 
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emerging markets for three different market factors and for two different portfolio weighting 

types, 48 dependent portfolios return time series were finally constructed. Each month was 

tested against the null hypothesis that the coefficient is equal to zero and statistically significant 

months at the 1%, 5% or 10% levels are bolded to ease the interpretation of the tables. Dummy 

regression coefficients are interpreted as so that the positive slopes indicate a strategy to have 

succeeded in generating excess return above market index return. In contrast, negative mean 

return of long-short strategies indicates that taking a long position on other stocks and short on 

the other at the same time period, has failed to generate excess returns.  

Appendix 1 consists the dummy regression results excess to risk-free return for equal-weighted 

portfolios in Developed and Emerging markets for whole sample period. At first glance, it is 

highly notable that several portfolios contain statistically significant months certifying that the 

mean excess returns are unequal to zero. In Developed markets, portfolios constructed to 

distinguish size effect, show significant and superior returns in January. In Emerging markets, 

SMB portfolio constructed of momentum-based portfolio show significant and superior January 

returns compared to other months.  The only exception is the SMB factor in Emerging markets 

constructed of book-to-market portfolios showing insignificant January returns. Both long-only 

portfolios describing small value stocks and small winner stocks in Developed markets show 

positive and significant mean excess returns at 1% risk level during January. Finding is in line 

with the finding of Keim (1983) who argued that size is incorporated with January effect. 

Interestingly, the same top-decile portfolios generate positive and significant returns throughout 

December to April providing evidence of the possible Halloween effect.  

Another interesting finding is the deviation of positive and significant returns among past 

momentum-based portfolios. Except for March, each quarter-ending month show positive and 

significant mean excess returns over risk-free return. This finding provides evidence of Quarter-

end effect among momentum portfolios likewise found by Gray, Limkriangkrai and Zhong 

(2014). However, in Emerging markets similar portfolios show positive and significant mean 

excess returns only in June and August for WML and WML large portfolios. WML small 

portfolio shows no significant months. These results could indicate quarter-end effect to exist 

only in Developed markets. 

In similar manner, regression results for value-weighted portfolios are depicted in Appendix 2. 

When equal- and value-weighted portfolios are compared with each other, immediate notice 
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directs to lack of significant January returns. SMB factor calculated of size and momentum-

based portfolios is the only portfolio holding significant January returns. Corresponding 

January return is superior compared to other months in this portfolio, yet 100 basis points lower 

than the January return in corresponding equal-weighted portfolio. Like discussed earlier, 

value-weighted portfolios hold lower proportion of small companies compared to equal-

weighted portfolios. Thus, the difference in returns of similarly calculated SMB factors within 

different weighting procedures could be explained by the superior performance of small 

capitalization companies. Other equal weighted SMB portfolios give more evidence for this 

argument showing superior returns compared to corresponding value-weighted portfolios. 

Similarly, with equally weighted momentum portfolios, corresponding value weighted 

momentum portfolios in Developed markets show positive and significant returns in quarter-

ending months, except in March. In Emerging markets, December show insignificant returns in 

addition to March but significant returns in 99% confidence interval in June and August. The 

positive December returns and negative January returns among momentum-based long-short 

strategies in Developed markets gives no additive evidence of tax-loss selling but for tax-gain 

selling as the selling of winner stocks could have been postponed to January, as the selling 

pressure of winner stocks during December should be low. Thus, the positive returns of 

December could be explained by the rise in value of winner stocks and the poorer return of 

January by the increasing selling pressure of corresponding winner stocks. Superior mean return 

of long-only winner stocks during December and poor mean excess return in January gives 

additive evidence for tax-gain selling. The December effect and tax-gain selling explanation 

were given by researchers Chen & Singal (2003). 

Table 6 presents the regression results for equal-weighted portfolios calculated excess to market 

return. To start with long-short strategies, the first notice is the scarcity of significant mean 

excess returns. In Developed markets, equal-weighted HML small show significant and 

superior excess return of 1,84% in June and is the only B/M based long-short strategy showing 

significant monthly mean excess returns. Otherwise, SMB portfolios distinguished from value 

and momentum portfolios show significant and superior January effect. In both cases, 

December shows negative and significant return. This finding gives additive evidence that small 

stocks are sold during turn of the year and bought back in January, phenomenon related to tax-

loss selling and window dressing. Momentum-based long-short strategies show significant 

mean excess returns in June and September for Developed markets, despite the market 
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capitalization. In Emerging markets, statistically significant positive mean excess returns at 5% 

significance level are not reported. 

Long-only strategy seems to succeed in generating monthly mean excess returns throughout the 

year in both Emerging and Developed markets. In Developed markets, small value stocks show 

significant and positive mean excess return in January, February and May. Large value stocks 

show significant and positive mean excess return only in April, but small winner stocks again 

in January, February, May, June, September and December. Large winner stocks show mean 

excess returns only in June. At 0.05 risk level in Emerging markets, small value stocks show 

positive and significant mean excess returns in April, July and September. However, beginning 

of the year show no longer statistically significant mean excess return as did similar portfolios 

in Developed markets. In turn, large value stocks show positive and significant mean excess 

returns in April and July. When it comes to long-only momentum stocks, small winners have 

exceeded market index significantly in January, April, June and July. Corresponding large 

winners have generated mean excess returns only in July. 

As a conclusion of equal-weighted portfolios excess to market index, statistically significant 

and positive mean excess returns are found throughout the year in several different months. 

Overall, in Developed markets, superior returns are shown in June for long-short strategies and 

January for long-only strategies. In Emerging markets, corresponding months are August for 

long-short strategies and January and April for long-only strategies.  
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Table 6:   Dummy regression results excess to market-return to detect Month-of-the-year effect among equal-weighted portfolios between a time 

period of November 1990 to December 2019. Regression is executed following an equation !! −	!" = ∑ &#'#! + )!$%
#&$  . Significant months are 

bolded and denoted with ***, ** and * indicating significance at the 1%, 5% and 10% risk levels, respectively. Returns are presented in percentages 

and reported on a monthly basis.  

Equal weighted                         
Developed markets January February March April May June July August September October November December 

B/M             
SMB 2,530** 0,001 -1,960* -2,100*** 0,399 0,671 0,031 0,238 0,728 -2,160* -0,657 -1,830* 
HML 0,525 0,007 -0,339 -0,749 0,172 1,100 0,935 0,437 0,709 -1,440 -0,539 -0,923 
HML small 0,670 0,377 -0,015 -0,645 0,602 1,840 1,410 0,981 0,907 -1,170 -0,292 -0,996 
HML Large 0,376 -0,374 -0,674 -0,869 -0,265 0,335 0,448 -0,116 0,503 -1,720 -0,794 -0,855 
Long-only small 3,740*** 1,660** 0,351 1,210 1,190** 0,893 1,240 0,206 0,715 -1,510* -0,209 0,272 
Long only large 1,070 0,617 0,367 1,450** 0,534 -0,144 0,787 -0,346 0,044 -1,180 -0,188 0,663 
MOM                         
SMB 2,660** 0,226 -1,460 -1,750** 0,641 0,959 0,356 0,486 0,983 -2,040* -0,641 -1,690** 
WML -0,230 0,494 -0,990 -3,030** 0,179 2,440 0,931 0,833 1,990* -1,230 -0,057 0,281 
WML small -0,367 0,491 -0,403 -2,270* 0,110 2,350 1,050 0,963 1,970* -0,641 0,583 0,784 
WML large -0,107 0,480 -1,600 -3,800*** 0,230 2,530 0,805 0,695 2,010* -1,830 -0,710 -0,236 
Long-only small 3,490*** 2,070** 0,437 0,631 1,010 1,380 1,390 0,400 1,390** -1,200 0,279 1,320** 
Long only large 0,873 1,220 -0,038 0,036 0,567 1,160 0,853 0,020 0,744 -1,220 -0,186 1,070 
Emerging Markets                         
B/M                         
SMB -0,231 -0,498 -1,870 -0,840 1,290 1,400 0,340 1,510 0,912 -1,700 0,740 -3,580** 
HML -0,713 -0,490 -1,370 0,356 1,170 1,200 1,490 2,370* 1,630 -0,946 1,330 -1,700 
HML small -1,340 -0,784 -0,961 0,781 1,570 1,620 1,580 2,830* 1,820 -0,800 1,720 -0,989 
HML Large -0,133 -0,226 -1,790 -0,130 0,733 0,771 1,390 1,880 1,420 -1,110 0,890 -2,450** 
Long-only small 1,330 1,770* -0,094 2,630*** 1,560 1,130 2,320** 0,960 1,250** -0,963 1,750* 0,228 
Long only large 1,460* 1,880* -0,617 1,730** 0,420 -0,052 2,160** 0,252 0,673 -1,470* 0,854 -0,501 
MOM                         
SMB 0,418 -0,396 -1,960 -0,480 1,710 1,590 0,954 2,240 1,070 -1,380 0,811 -3,150** 
WML -0,776 -0,459 -0,950 -1,330 0,659 1,500 1,010 2,740* 1,130 -1,400 -0,042 -3,200** 
WML small -0,972 -0,840 -1,240 -1,060 0,270 1,480 0,842 2,810 1,140 -1,100 -0,059 -3,620** 
WML large -0,633 -0,101 -0,678 -1,620 1,020 1,500 1,150 2,620* 1,090 -1,710 -0,049 -2,800** 
Long-only small 2,210** 1,400 -0,447 1,930** 1,150 1,320** 2,350** 1,670 0,905 -0,897 1,220 -0,848 
Long only large 1,130 1,710* 0,004 0,937 0,529 0,381 1,830** 0,595 0,456 -1,870* 0,523 -0,605 
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Among value weighted portfolios depicted in Table 7, results differ from equal-weighted 

portfolios. Significant and positive portfolio returns among long-short B/M strategies have 

vanished in Developed markets. Momentum portfolios are still significant in June and WML 

small portfolio also in September. In Emerging markets, WML and WML small strategies alone 

show significant August mean excess returns. Otherwise, significant and positive mean excess 

return better than 5% significance level among value-weighted portfolios are not reported. 

Long-only strategies have succeeded again quite well in terms of generating returns excess to 

market index on a monthly basis which is seen as a positive return in most of the months. 

Significant mean excess returns are found in June and August for small value stocks, and 

August for large value stocks. In addition, January, June and December for small winner stocks 

and June for large winner stocks in Developed markets. In Emerging markets, small value 

stocks show positive and significant mean excess return in February and April. Corresponding 

large stocks show positive and significant return in April and July. Otherwise, small and large 

winner stocks have generated positive and significant mean excess returns in February and July. 

Negative and significant monthly returns are found especially among long-short strategies and 

in Developed markets. Especially December show significant and negative mean returns among 

value-based portfolios of Developed markets and both value- and momentum-based portfolios 

in Emerging markets. In addition, in Developed markets April show significant and negative 

mean return in HML and HML small portfolios and in all momentum-based long-short 

portfolios. Negative and significant mean returns indicate the outperformance of the contrarian 

strategy compared to the benchmark index. Thus, contrary to long-short strategy, in Developed 

markets selling value stocks and buying growth stocks in April and December and buying 

recent losers and selling past winners in December would be beneficial. In Emerging markets, 

December show contrarian returns in December for big stocks and for momentum portfolios. 

Among long-only portfolios, portfolio describing large value stocks is the only long-only 

portfolio showing negative and significant returns. 
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Table 7: Dummy regression results excess to market-return to detect Month-of-the-year effect among value-weighted portfolios between a time 

period of November 1990 to December 2019. Regression is executed following an equation !! −	!" = ∑ &#'#! + )!$%
#&$  . Significant months are 

bolded and denoted with ***, ** and * indicating significance in 1%, 5% and 10% risk levels, respectively. Returns are presented in percentages 

and reported on a monthly basis.  

Value weighted                         
Developed markets January February March April May June July August September October November December 
B/M                         
SMB 0,242 -1,920 -1,910** -1,580*** 1,090 1,130 -0,002 -0,029 0,749 -0,962 -1,421* -1,310* 
HML 0,322 -0,823 -1,740 -1,130* 0,327 0,651 0,851 1,000 0,317 -1,360 0,248 -1,581** 
HML small 0,455 -0,633 -1,480 -1,271** 0,586 0,861 1,170 0,967 0,411 -0,900 0,542 -1,100 
HML Large 0,177 -1,030 -2,010 -0,996 0,059 0,428 0,521 1,020 0,218 -1,831* -0,059 -2,081*** 
Long-only small -0,263 -0,777 -1,420 0,392 1,560 2,051** 1,840 2,781*** 1,020 -0,916 0,014 -2,112* 
Long only large -0,470 0,344 -1,250 0,340 0,306 0,959 1,440 3,010*** 0,590 -1,950* 0,749 -2,751** 
MOM                         
SMB 1,220 0,195 -1,170 -1,740** 0,758 1,010 -0,734 0,480 0,434 -2,531** -0,772 -1,201* 
WML 0,176 0,611 -1,360 -3,480** 0,220 2,411** 0,834 0,734 1,952* -1,420 -0,445 0,225 
WML small 0,308 0,616 -1,060 -2,981** -0,041 2,301** 1,240 1,150 2,291** -1,110 -0,172 0,306 
WML large 0,022 0,596 -1,670 -4,011*** 0,466 2,521** 0,415 0,307 1,600 -1,740 -0,733 0,127 
Long-only small 1,691** 1,522* 0,175 0,188 0,881* 1,620** 0,642 0,335 1,070 -1,511* -0,109 1,371** 
Long only large 0,497 0,764 -0,373 -0,142 0,536 1,280** 1,110 -0,292 0,601 -0,808 -0,123 0,972 
Emerging Markets                         
B/M                         
SMB -0,756 0,128 -1,420 -1,180 1,220 0,291 -0,390 1,260 0,255 -2,871* 0,169 -3,852*** 
HML -0,038 -0,355 -1,500 0,042 1,050 0,492 1,270 1,770 1,790 -1,610 0,752 -2,171* 
HML small -0,265 -0,373 -1,070 0,204 1,920* 1,170 1,580 2,020 1,940 -0,957 1,340 -2,021* 
HML Large 0,148 -0,348 -1,980 -0,161 0,137 -0,208 0,924 1,480 1,610 -2,290 0,145 -2,340* 
Long-only small 0,486 2,132** 0,087 1,831** 1,631* -0,055 1,510 0,206 0,482 -1,501* 1,141* 0,015 
Long only large 0,642 1,330 -1,050 1,531*** -0,061 -0,213 1,800** -0,048 0,685 -1,420 0,693 0,019 
MOM                         
SMB -0,404 0,680 -1,540 -1,020 1,310 0,481 0,092 1,620 0,610 -2,530 0,147 -3,660*** 
WML -0,908 0,225 -1,550 -1,380 1,550 2,031* 1,200 2,910** 1,660 -0,856 1,010 -3,121** 
WML small -1,380 -0,450 -1,460 -1,170 1,390 2,080* 1,930 3,461** 1,920 -0,126 1,180 -3,252** 
WML large -0,517 0,856 -1,680 -1,610 1,690 1,960* 0,434 2,330* 1,390 -1,620 0,833 -3,020** 
Long-only small 0,213 2,260** -0,419 1,270 1,110 0,723 1,931* 1,210 0,796 -0,756 0,990 -0,832 
Long only large 0,426 1,912** -0,763 0,863 0,796 0,713 1,420* 0,236 0,580 -1,190 0,823 -0,220 
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As a conclusion of value-weighted portfolios excess to market index, statistically significant 

and positive mean excess returns are found to a lesser extent relative to equal-weighted 

portfolios. Overall, in Developed markets, superior returns are shown in June for long-short 

strategies, especially among momentum portfolios. Negative and significant months are found 

in April and December for Developed markets. Surprisingly, in Emerging markets, none of the 

value based long-short strategies show positive and significant returns. However, significant 

and superior returns among long-short momentum portfolios in Emerging markets are found in 

August. In contrast, December show negative and significant returns in every long-short 

strategy in Emerging markets. Regarding to long-only strategies, superior and significant 

months are found in February and April. 

Next, to achieve additive insight of a strategy succeeding to generate significant returns during 

a certain month relative to remainder of the year, Welch t-test is employed to highlight the 

statistical differences. In Appendix 3 is depicted the Welch t-test statistics to observe the 

statistical difference in mean excess returns between significant month and other 11 months, 

based on original regressions calculated excess to market index. Overall, 43 months 

significantly different from zero were found, returns ranging from 1,2% to 3,7%, and compared 

against remainder of the year. Conclusively, 15 out of the tested 43 months indicated statistical 

difference and produced significantly higher mean excess return during the observed month, 

compared to the remainder of the year. Surprisingly, only three of these 15 significant findings 

occurred in Emerging markets. These were value weighted WML and WML small portfolios 

showing significant August effect and portfolio taking a long position on large value stocks 

indicating April effect.  

In Developed markets, both equal-weighted SMB portfolios indicate significant January effect. 

Moreover, equal-weighted portfolios long on small value stocks and small winner stocks show 

significant January effect with t-statistics 4,085 and 2,913, respectively.  Furthermore, June was 

found to be statistically significant among momentum based long-short portfolios despite the 

portfolio weighting. In addition, August shows significant mean excess return among value-

weighted long-only B/M portfolios, despite the market-cap. Overall, superior return of 3,7% is 

produced by the equal-weighted strategy taking a long position on small value stocks in 

Developed markets during January. Interestingly, second highest overall and highest long-short 

strategy return of 3,5% is produced by value-weighted WML small strategy in Emerging 

markets during August. 
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In Table 8 is depicted the Welch t-test results for mean excess returns above market return for 

all consecutive and statistically significant months. By bundling the consecutive and significant 

months into one variable and comparing the mean excess return for other months inside a 

certain portfolio, more insight of the duration of the effect can be received. According to the 

results, 3 different portfolios included consecutive and significant months excess to market 

return, all long-only portfolios. Number of consecutive months ranged from 2 to 3 months. 

Table 8: Statistically significant and consecutive months bundled into one variable and tested 
against other months inside corresponding portfolio. Mean1, mean2 and se1, se2 are the average 
excess returns and Newey-West standard errors of bundled variable and other months, 
respectively. Significant and consecutive months are based on previous regressions for excess 
market return (Rt-Rm). Statistically significant differences are bolded and denoted with ***, 
** and * indicating significance in 1%, 5% and 10% levels, respectively. 

Rt-Rm Months 

No.  Of 
Consecutive 

months Mean1 Mean2 SE1 SE2 T-stat. P-value 
DeLOsb Jan & Feb 2 2,000 % 0,549 % 0,00433 0,00216 2,6561 0,0096*** 
DeLOsm Dec - Feb 3 2,280 % 0,454 % 0,00634 0,00259 3,1491 0,0019*** 
EeLOsm Jun & Jul 2 1,840 % 0,592 % 0,00824 0,00327 1,5023 0,1363 

According to the number of consecutive months depicted in Table 8, the effect has been present 

for a maximum of 3 months in equal-weighted small winner portfolio of Developed markets. 

Strategy has succeeded in generating significant mean excess return above market return from 

December to February, providing on average 2,28% excess return above market return. Overall, 

two out of three portfolios show significantly higher return compared to the remainder of the 

year. Interestingly, in both cases, corresponding time period includes a January which has been 

previously incorporated to small firm size by Keim (1983) in producing superior returns. 

However, as found by Chou, Das and Rao (2011), value premium has been apparent only in 

January for large stocks and in non-January months for small stocks. These results added to 

previously processed results of Appendix 3 however indicate that the Month-of-the-year effect 

of January has been present among small value stocks in Developed markets between 1990 to 

2019. 
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4.2.2 Halloween effect 

This section concludes the empirical findings considering the Halloween effect. Halloween 

effect refers to the phenomenon where a half-year period from November to April generates 

superior return relative to the remainder of the year. Previous findings of Halloween effect give 

a promising starting point as the effect has been reported existent globally (see. Bouman and 

Jacobsen, 2002; Chhaochharia and Fuerst, 2013). Moreover, the effect has been incorporated 

to small size but also found to be unrelated to size or value anomalies. The effect has also been 

found as a market wide phenomenon and explained partly as a market seasonality. (see. 

Dzhabarov and Ziemba, 2010; Jacobsen, Mamun and Visaltanachoti, 2005) 

Each portfolio return was first calculated excess to risk-free return of 1-month U.S Treasury 

Bill and regressed against half-year periods denoted later as summer and winter. Subsequently, 

each portfolio return was calculated above market index and again regressed against half-year 

periods. Aim of these procedures is to define whether significant mean excess returns above 

risk-free rate during winter periods are to be found and whether the seasonal effect inside 

fundamental anomalies is strong enough to generate excess returns above market return. 

Dummy regression is employed to detect the half-year periods significantly different from zero. 

Coefficients of the dummy regression represents the mean return of each portfolio. 

Subsequently, half-year periods are tested through Welch t-test to observe whether the mean 

returns of semi-annual periods are statistically different from each other. 

In Appendix 4 is depicted the dummy regression results excess to risk-free return. Overall, 20 

portfolios indicated Halloween return to be positive and significantly different from zero, 14 of 

them being generated by long-only strategy. Only long-only strategies not indicating Halloween 

period return significantly different from zero were the value-weighted B/M strategies. The 

equal-weighted long-only small value portfolio in Emerging markets has generated the superior 

2,3% mean excess return, significant at 1% risk level.  

In Developed markets, equal-weighted HML small portfolio has been the only long-short 

strategy indicating winter-period return excess to risk-free instrument to be significantly 

different from zero. The strategy has succeeded to generate on average 0,49% return excess to 

risk-free rate of return. However, the corresponding summer-period return has been on average 

approximately 8 basis points higher. Interestingly, in Emerging markets, value-weighted HML 

large is the only B/M based long-short strategy indicating insignificant Halloween period mean 
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excess return, as the other portfolios are significantly different from zero. Superior 0,78% mean 

excess Halloween-period return is generated by equal-weighted HML small strategy. 

Momentum factor long-short strategies show no Halloween returns significantly different from 

zero in Developed nor Emerging markets. Welch t-test statistics excess to risk-free return in 

Appendix 5 gives additive evidence of Halloween effect to be more existent among long-only 

strategies rather than among long-short strategies. In total, 24 out of 48 portfolios indicated 

winter-period excess return to be higher than the corresponding summer-period return. Overall, 

half of these 24 portfolios indicated significantly higher winter-period return, all of them long-

only portfolios. 

 

Figure 4: Monthly dispersion of Developed and Emerging market returns. 

Dummy regression results to detect Halloween effect excess to market return are described in 

Table 9. Above in Figure 4 is depicted the monthly dispersion of benchmark index returns used 

in this thesis to define the market return to be excessed to call a portfolio return anomalistic. 

Positive mean returns are divided surprisingly accurately on to time period of November to 

May, in other words almost fully to Halloween period. Because of that, strategies are expected 

to perform extremely well during Halloween periods to generate returns excess to market index, 

as the market proxy itself may bear a Halloween effect. (see. Jacobsen et al. 2005) To observe 

the overall market seasonality, the differences between half-year periods of benchmark indices 

are also investigated by means of Welch t-test. 
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Table 9: Regression results of mean excess returns over market return to detect the Halloween 
effect. Each portfolio were regressed against half year periods with Newey-West estimator 
following equation !!	 −	!# = %$&$! + %%(%! +	)!. Statistically significant half-year periods 
are bolded and denoted with ***, ** and * indicating significance in 1%, 5% and 10% levels, 
respectively. DM and EM stand for Developed and Emerging markets, and EW and VW for 
equal- and value-weighted, respectively. Returns are presented in percentages. 

DM portfolios       EM portfolios     
  Summer Winter Summer Winter 

 EW VW EW VW EV VW EW VW 
B/M                 

SMB -0,0159 0,329 -0,677* -1,320*** 0,623 -0,0373 -1,051* -1,161** 

HML 0,318 0,298 -0,341 -0,782** 1,150** 0,792 -0,428 -0,547 

HML small 0,762* 0,516 -0,156 -0,577 1,441** 1,282** -0,255 -0,364 

HML Large -0,135 0,0685 -0,535 -1,000*** 0,848 0,276 -0,642 -0,761 

Long-only small 0,455 1,391*** 1,161*** -0,697 1,04 0,377 1,271*** 0,943*** 

Long only large -0,0502 0,727 0,659** -0,512 0,329 0,125 0,794** 0,526* 

MOM                 

SMB 0,231 -0,0962 -0,451 -0,585 1,030* 0,265 -0,798 -0,977* 

WML 0,858 0,789 -0,581 -0,706 0,939 1,421** -1,130* -0,954* 

WML small 0,965 0,972 -0,187 -0,492 0,908 1,780*** -1,310** -1,091* 

WML large 0,74 0,594 -0,989* -0,935* 0,944 1,030* -0,986 -0,859 

Long-only small 0,729 0,504 1,361*** 0,803** 1,081*** 0,835** 0,901** 0,576 

Long only large 0,354 0,404 0,495* 0,268 0,322 0,426 0,610* 0,505 

 

According to Table 9, immediate notice is that after adjusting for market seasonality, none of 

the long-short strategies show Halloween returns positive and significantly different from zero. 

However, long-only strategies have worked systematically to generate mean return excess to 

market index and significantly different from zero. As an exception, value-weighted high B/M 

stocks and large-cap winner stocks in Developed markets in addition to both small- and large-

cap winner stocks in Emerging markets indicate no significant Halloween period return.  

Long-short strategies seem to systematically underperform to market index during Halloween 

periods, which added to the success of long-only strategies would indicate a failure of short 

selling as the shorted assets have also increased in value during the Halloween periods. Factor-

wise, B/M based SMB factor, despite the weighting method, shows significant and negative 

Halloween excess return in both Developed and Emerging markets. Similar manner, value-

weighted HML large in Developed markets and WML small of Emerging markets show 
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negative and significant average return, at better than the 5% significance level. Interesting 

finding is that equal-weighted HML and both HML small portfolios in Emerging markets in 

addition to WML small portfolios in both Developed and Emerging markets show statistically 

significant excess return during summer period. 

Figure 5: Semi-annual return dispersion charts for long-short and long-only portfolios. 
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To achieve additional evidence of the statistical significance of the difference between 

underlying summer- and winter-periods, Appendix 6 shows the results of Welch t-test statistics 

excess to market return for the whole sample. Benchmark index describing the developed 

markets has produced on average 0,848% during Halloween-period concluding 77,4 basis 

points higher average return than the corresponding summer-period return. Correspondingly, 

the index describing Emerging markets has produced on average 1,33% during Halloween-

periods which has been on average 171 basis points more than the summer-period return. The 

difference between half-year periods in Emerging markets is also statistically significant at 0.05 

significance level. 

In total, 11 out of 48 portfolios indicated higher Halloween mean excess return compared to 

corresponding summer-periods, 5 of them occurring in portfolios constructed according to 

Developed market stocks and remaining 6 based on Emerging market stocks. Interestingly, in 

Developed markets, 4 out of 5 portfolios indicating higher Halloween-period return were equal-

weighted portfolios. In Emerging markets, 6 portfolios indicating higher Halloween-period 

return were evenly distributed between equal- and value-weighted portfolios. However, only 

one of the portfolios examined, equal-weighted long-only large-cap value stocks in Developed 

markets, indicated winter period return to be significantly higher than the corresponding 

summer-period return. Difference was statistically significant at 5% risk level. During the 

examined sample period, equal-weighted portfolio of large value stocks in Developed markets 

yielded on average 70 basis points higher winter return than the corresponding summer-period 

return, resulting in Halloween mean excess return of 0,659%.   

Interestingly, for 22 portfolios out of 48, mean excess return of summer-period were 

significantly higher than corresponding Halloween return period. Except for long-only 

portfolios equal-weighted small-cap value and value-weighted large-cap value in Developed 

markets, all portfolios showing significantly higher summer returns were long-short strategies. 

As seen in Figure 5 describing semi-annual return dispersion of the whole sample, every long-

short strategy systematically fails in generating excess returns above market return during 

winter-periods and on the contrary, succeeds in summer-periods. As a conclusion, short selling 

is working during price declines of summer-periods but failing in Halloween periods as the 

stocks are clearly increasing in value.  
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As a conclusion of empirical findings regarding to dummy regression analysis and Welch t-

test, significant Halloween period returns excess to risk-free instrument were found to a great 

extent. However, as the stock market return excess to risk-free rate has been positive in a long 

term, these findings cannot be considered anomalistic. According to subsequent adjustment for 

market seasonality, the effect was reported to be existent only in equal-weighted portfolio 

taking a long position on large value stocks in Developed markets with a T-stat of 1,991.  

4.2.3 Quarter-end effect  

In this section, the empirical results for Quarter-end effect which is previously reported to be 

present especially among past momentum strategies, are reviewed. Attempt to detect Quarter-

end effect is executed through dummy regression where each portfolio is regressed against 

bundled quarter-ending (QE-months) months and other non-quarter-ending months. In other 

words, returns during quarter-ending months: March, June, September and December are 

bundled into one variable. Dummy regression is employed to detect quarter-ending months 

generating mean excess return above risk-free and market returns, significantly different from 

zero. Subsequently, to confirm the possible anomalistic finding, the statistical difference 

between quarter-ending months and remainder of the year is observed through Welch t-test. 

In Appendix 7 is depicted the regression results excess to risk-free return. Superior quarter-end 

returns excess to risk-free returns are found in momentum portfolios especially in Developed 

markets, where regardless of portfolio weighting, every momentum long-short strategy shows 

statistically significant and superior quarter-end returns compared to other months’ returns. In 

Emerging markets, value weighted WML and WML small show significant returns in quarter-

ending months yet outperformed by other months. Among B/M based portfolios, equal 

weighted HML and HML small portfolios in Developed markets show significant and superior 

mean excess return above risk-free rate within quarter-ends. Similarly, in Emerging markets, 

corresponding strategies show significant and also superior returns during quarter-end months 

compared to remaining months. In order to call a finding anomalistic, robustness of the effect 

is tested by market adjusting the returns. 

Table 10 below represents the regression results for return series calculated excess to market 

return. First notice is the existent of significant quarter-end excess returns of momentum-based 

portfolios in Developed markets. Value-weighted WML and WML small strategies of 

Emerging markets succeeded to generate excess return above risk-free return, based on previous 
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regression, but according to Table 10, the effect was not strong enough to generate returns 

excess the market.  Alone, equal-weighted WML small portfolios in Developed markets show 

mean excess return significantly different from zero at 5% risk level. Additionally, portfolios 

show superior return among every strategy in Developed markets. Even though value-based 

long-short strategies generated quarter-ending mean excess returns above risk-free return and 

significantly different from zero, the same does not hold in terms of market excess returns. 

Table 10: Regression results of mean returns excess to market return to detect the Quarter-end 
effect. Each portfolio were regressed against joint quarter-ending months and remaining months 
with Newey-West estimator following equation !!	 −	!# = %$*$! + %%+%! +	)!. Statistically 
significant time-periods are bolded and denoted with ***, ** and * indicating significance in 
1%, 5% and 10% levels, respectively. DM and EM stands for Developed and Emerging 
markets, EW and VW for equal- and value-weighted, respectively. Returns are presented in 
percentages. 

DM portfolios       EM portfolios     
  QE-months Other QE-months Other 

 EW VW EW VW EV VW EW VW 
B/M                 

SMB -0,610 -0,342 -0,217 -0,576* -0,808 -1,200 0,078 -0,299 

HML 0,127 -0,596 -0,084 -0,069 -0,072 -0,363 0,574 0,361 

HML small 0,423 -0,333 0,239 0,117 0,361 -0,014 0,699 0,686 

HML Large -0,178 -0,871* -0,416 -0,267 -0,530 -0,744 0,414 0,005 

Long-only small 0,555 -0,132 0,936*** 0,577 0,625 0,132 1,420*** 0,928*** 

Long only large 0,236 -0,632 0,341 0,473 -0,127 -0,139 0,909*** 0,561** 

MOM                 

SMB -0,313 -0,242 -0,011 -0,392 -0,637 -1,050 0,486 -0,012 

WML 0,926 0,801 -0,263 -0,346 -0,405 -0,269 0,050 0,472 

WML small 1,170** 0,952* -0,008 -0,124 -0,586 -0,203 -0,014 0,607 

WML large 0,670 0,639 -0,531 -0,583 -0,245 -0,360 0,084 0,302 

Long-only small 1,130*** 1,061*** 1,011*** 0,452 0,224 0,059 1,381*** 1,031*** 

Long only large 0,737** 0,623 0,268 0,191 0,053 0,075 0,674** 0,662** 

 

According to mean excess returns above market returns of top-decile portfolios, long-only 

strategies succeeded to generate significant excess returns in quarter-ends among equal-

weighted winner stocks in Developed markets. Interestingly, equal-weighted small winner 

strategy has generated market-adjusted excess returns in addition during the remainder of the 

year. Otherwise, long-only strategies have generated returns significantly different from zero 
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only outside quarter-ending months. Superior return among long-only strategies is also find 

outside quarter-ends as equal-weighted small value and small winner stocks in Emerging 

markets have outperformed other strategies. 

To observe the statistical difference in mean excess returns between quarter-end months and 

remainder of the year, Welch t-test is employed. In Appendix 8 is depicted the results for each 

portfolio excess risk-free rate. Overall, 6 portfolios out of 48 indicated significantly higher 

excess return over the risk-free rate during quarter-end compared to other months, all of them 

being momentum-based long-short portfolios in Developed markets. Superior QE-return of 

1,47% is shown by equal-weighted WML small portfolio. QE-return has been on average 

1,28% higher than that of non-QE months. However, the biggest difference of 1,32% among 

portfolios indicating significant difference between QE- and other months is reported for value-

weighted WML large portfolio in Developed markets.  

In Appendix 9 are reported the results of Welch t-test after market-adjustment. In addition to 

the examined portfolios, the corresponding statistics is also reported for benchmark indices. 

According to the Welch t-statistics, neither of the benchmark indices has generated significantly 

different quarter-end returns. Overall, 15 out of 48 portfolios examined show higher QE-month 

mean excess returns compared to non-QE month returns. Surprisingly, none of these 15 

portfolios exhibited in Emerging market. Interestingly, despite of significantly different mean 

excess returns of quarter-ending periods calculated over risk-free return, the effect is not strong 

enough to show significantly different mean returns excess to market index returns.  

As a conclusion of Quarter-end effect in Developed and Emerging markets, shown in Appendix 

8, 26 out of 48 portfolios in total indicated higher quarter-end mean returns excess to risk-free 

return and compared to corresponding non-quarter ending months. However, six of those were 

significantly higher at better than 5% risk level. All of these portfolios were momentum-based, 

parallel with Gray, Limkriangkrai and Zhong (2014). The effect could be explained with 

window-dressing as investors are selling feeble investments in quarter-ends and reacting to 

quarterly interim reports. After adjusting the returns for market return, the number of portfolios 

indicating higher QE-returns was diminished to 15.  However, none of these portfolios indicated 

the difference to be statistically significant. Otherwise, equal-weighted long-only portfolio of 

large value stocks in Emerging markets generated significantly higher non-QE return at the 5% 

risk level.  
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4.2.4 Sub-periods 

In order to observe whether effects have remained significant in whole sample period during 

1990-2019, sub-period dummy regression and Welch tests are employed. Global Financial 

Crisis in 2008 was chosen as a watershed, the first period containing observations over the 

period of 1990-2007, and the subsequent period over 2008-2019. Sub-sample tests are 

conducted using portfolio returns excess to market returns. Both sub-samples include a period 

of a recession as the outbreak of the techno bubble occurred in 2001. 

 

Figure 6: Development of benchmark indices over the period 1990-2020. 

Regression results of Month-of-the-year are depicted in Appendices 10 and 11 for the first and 

subsequent periods, respectively. According to the full whole sample regression results, 

significant January effect was reported among SMB factor and small-cap high B/M stocks and 

small-cap past winner stocks in Developed markets and small-cap winners in Emerging 

markets. According to sub-sample regressions, the effects have been evident during the first 

period while having disappeared during the second period.  

Instead of disappearing, equal-weighted small cap high B/M and small winner portfolio of 

Developed markets have maintained a January return significantly different from zero 

throughout both sub-sample periods. However, the premium has decreased 46 basis points in 

the first mentioned and 89 basis points for the latter portfolio. Moreover, momentum factor 

portfolios indicate significant June and September effect during the first time period in 
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Developed markets only. Overall, the results indicate the excess returns to have existed during 

the first sub-period in greater extent, compared to the latter period.  

Regarding to Halloween effect, appendices 12 and 13 comprises the Welch t-statistics for each 

sub-period. During the first sub-period, including benchmark indices, Halloween period has 

outperformed the corresponding summer period in 11 portfolios. However, significantly higher 

Halloween period, return being 177 basis points higher, is found only in Emerging market 

index. According to the results in Appendix 12, winter-period returns are found to be 

systematically lower than the corresponding summer returns. In total, seven portfolios show 

significantly higher summer-period mean excess return at better than 5% risk level. According 

to the results regarding to the latter sub-period in Appendix 13, in total, 16 out of 50 portfolios, 

benchmark indices included, indicate on average higher Halloween period return. Surprisingly, 

none of the differences is statistically significant. Mentionable difference between sub-periods 

regarding to Halloween effect is also the disappearance of significantly higher summer period 

returns during the latter sub-period.    

In similar manner, Appendices 14 and 15 show the regression results for Quarter-end effect 

during the sub-periods. The results are qualitatively similar to the results of Month-of-the-year 

and Halloween effect. Quarter-end effect has been evident for momentum factor portfolios in 

Developed markets during the first time period. However, the second time period shows no 

signs of significant mean returns excess to market portfolio. Surprisingly, the portfolios with 

significantly higher QE-return during the first sub-period, has turned into negative during the 

latter sub-period. Interestingly, during the first time period, 25 portfolios indicated higher mean 

excess QE-month return compared to the rest of the months. Nonetheless, the latter sub-period 

indicates the opposite as none of the portfolios indicated higher QE-return. Regardless, value-

weighted HML and HML large long-short portfolios in addition to long-only small- and large 

cap value stocks indicated significantly higher mean excess return outside quarter-ends at the 

5% risk level.  
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5. Conclusions  

The aim of this thesis was to find international evidence of seasonal effects inside fundamental 

anomalies size and value, and technical momentum anomaly by investigating the differences 

between Developed and Emerging markets. In addition, weighting procedures of different 

portfolios were reviewed and thus, equal- and value-weighting were under examination. 

Ultimately, 48 different portfolios were constructed according to preliminary produced size and 

Book-to-Market and size and past momentum portfolios, established by professor Kenneth 

French. Research data consisted of 32 long-short and 16 long-only strategies. 

The first seasonal effect examined was the Month-of-the-year effect. The most known monthly 

effect, the January effect has been incorporated with small size of the firm (e.g., see Keim, 

1983; Roseff & Kinney, 1976). Among portfolios calculated excess to risk-free return, equal- 

weighted SMB factor distinguished of momentum portfolios indicated significant and superior 

January returns in both Emerging and Developed markets. Also, equal-weighted long-only 

value stocks indicated significant and superior January returns excess to risk-free return in both 

markets. However, among value-weighted portfolios, January returns were no longer 

significant. This in turn could be explained by smaller proportion of small size stocks, relative 

to equal-weighted correspondents. According to regression results excess to market return, 

similar findings were reported. Equal-weighted SMB portfolios and small value stocks 

indicated significant January effect in both markets. Value-weighted portfolios in turn, 

indicated significant and positive January return only by small value stocks. 

Previous empirical findings (e.g., see Chou, Das and Rao 2011) indicated that size is also 

incorporated with the value premium and that January effect exists among large value stocks. 

Otherwise, value premium has been evident for small size stocks only in non-January months 

and especially in February, April and September.  However, in this thesis, there were no signs 

of January value premium among large stocks in Developed nor Emerging markets neither 

among equal- nor value-weighted portfolios. Significant and positive mean excess returns for 

small-cap stocks, however, were found in the same months with Chou, Das and Rao as equal-

weighted small cap long-only portfolios indicated significant months from December to April 

in Developed markets and in February, April, July and December for Emerging markets. The 

results among corresponding value-weighted portfolios indicated some differing results. Long-

only small value stocks in Developed markets generated significant mean excess returns in 
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April, June, July and August and small winner stocks in February, March and April. In 

Emerging markets, small value and small winner stocks generated significant returns in the 

same months - February, April and December. 

After addressing for market seasonality, January effect remained statistically significant for 

equal-weighted long-short SMB factor portfolios, small value and winner stocks in Developed 

markets and for small winner stocks in Emerging markets. However, among value-weighted 

portfolios, January effect disappeared. Moreover, among long-short strategies, significant June 

effect is reported for both equal- and value-weighted momentum factor portfolios in Developed 

markets. Value-weighted long-short WML small cap portfolio also indicated significant 

September return at the 5% significance level. Among equal-weighted long-only portfolios, 

February and December remained significant for small winner stocks in Developed markets, 

April and July for small-cap high B/M stocks and small-cap past winner stocks in Emerging 

markets. When it comes to value-weighted long-only portfolios, mean excess returns that have 

remained significant are found in August for both long-only small- and large-cap high B/M 

stocks in Developed markets. Similarly, February and April for small-cap high B/M stocks, 

April for large-cap high B/M, and February for both small- and large-winner stocks in Emerging 

markets have remained significant.  

Next seasonal effect to be observed was the Halloween effect. Previous findings of Halloween 

effect have also indicated the effect to be incorporated with small size (e.g. see Dzhabarov and 

Ziemba, 2010). The Halloween effect has also been found to be market wide phenomenon and 

unrelated to size and book-to-market effects (see Jacobsen, Mamun and Visaltanachoti, 2005). 

In total, 22 out of 48 portfolios’ excess returns over the risk-free rate indicated higher 

Halloween period return compared to corresponding summer-period return. Especially long-

only portfolios generated higher Halloween period returns as 14 out of these 22 portfolios were 

long-only portfolios and 12 of the corresponding differences were statistically significant. 

After addressing for market seasonality, 11 out of 48 portfolios indicated higher mean excess 

return for Halloween period compared to the corresponding summer period, all of them being 

long-only portfolios. However, equal-weighted portfolio taking a long position on large cap 

high B/M stocks in Developed markets was the only portfolio indicating significantly higher 

mean excess return during the Halloween period. Halloween-period return was on average 70 

basis points higher compared to the corresponding summer-period return. Also, significantly 
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higher Halloween period return in at better than 5% risk level was found for the Emerging 

benchmark index. Regardless of promising previous findings of the Halloween effect and even 

though higher Halloween returns were found, a robust Halloween effect was evident only in 

equal-weighted large cap value portfolio of Developed markets. 

The last seasonal effect observed in this thesis was the Quarter-end effect. Previously, Brown 

(2017) and Gray, Limkriangkrai and Zhong (2014) have found significantly higher momentum 

profits during quarter-ending months (QE-months) compared to non-quarter ending months. In 

terms of excess return over risk-free, 26 out of 48 portfolios generated higher QE mean excess 

return, yet only six portfolios in total were significantly higher compared to the mean excess 

return of the remaining non-QE months. All of these portfolios were long-short momentum 

factor portfolios in Developed markets. In other words, despite the size or portfolio weighting, 

long-short momentum factor portfolios have succeeded in generating mean return excess to 

risk-free rate. After addressing for market seasonality, 15 out of 48 portfolios indicated higher 

QE mean excess return, yet none of the portfolios indicated the difference to be statistically 

significant. After all, even though significant QE-effect was reported only excess to risk-free 

rate of return, all the significant momentum factor portfolios were from Developed markets. 

This in turn raises a question whether the Adaptive Market Hypothesis explains the 

phenomenon and investors in Developed markets are adapting to market changes and new 

information more efficiently compared to investors in Emerging markets, as found by Akhter 

and Yong (2018). Quarter-end effect may be a consequence of representativeness heuristics as 

investors are overweighting the recent performance of the firm.  

Ultimately, after observing the seasonal effects inside fundamental and technical anomalies 

over the full sample period, the time period was divided into sub-periods. The results indicated 

strategies to have succeeded in generating excess profits relative to market indices during the 

first sub-period but not during latter sub-period. According to results regarding to Halloween 

effect, the first sub-period included 11 portfolios with higher Halloween period return. 

However, only the benchmark index describing Emerging markets indicated the difference to 

be statistically significant at the 5% risk level. Furthermore, six portfolios indicated summer 

period return to be significantly higher than the corresponding Halloween period return. During 

the latter sub-period the number of portfolios indicating higher Halloween returns increased 

from 11 to 16, but none of the cross-period return differences were statistically significant. 

Also, the significantly higher summer returns disappeared. 
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In similar manner, quarter-end effect during sub-periods were observed. During the first sub-

period, 26 portfolios in total indicated higher QE-returns compared to the non-QE-month 

returns. However, 8 of these differences were statistically significant. Similarly, in full sample 

testing, all of the portfolios indicating significantly higher quarter-end mean excess return were 

equal- and value-weighted momentum-based portfolios in Developed markets. Interestingly, 

during the latter sub-period, none of the portfolios indicated higher QE-returns, afore-found 

significant differences disappeared and turned negative. Otherwise, 4 value-weighted value-

based portfolios in Developed markets were found to hold significantly higher non-quarter-end 

mean excess return at the 5% significance level.  

Conclusively, the sub-sample results indicated the portfolios to have succeeded in generating 

mean returns monthly, semi-annually and quarterly, excess to market index before the Global 

Financial Crisis, but not anymore after the crisis. The results could be explained by relatively 

better growth of overall markets after the crisis, compared to the time period before. In addition, 

time for recovery after the burst of techno bubble was longer compared to the recovery after 

global financial crisis, as was shown in Figure 5. In other words, the opposite movement of 

long-short portfolios relative to market could be behind the observed excess returns evident 

during the first period. 

In future research, the topic could be extended to scrutinize the utilization of fundamental 

anomalies and seasonal effects as an investment strategy in practice. Also, other anomalies, for 

instance dividend yield, IPO, low beta etc. already identified in the stock markets could be 

included. Furthermore, the influence of economic booms and recessions into seasonal effects 

and fundamental anomalies could be given a greater scrutiny. 
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APPENDICES: 

Appendix 1: Dummy regression results above risk-free returns to detect Month-of-the-year effect among equal-weighted portfolios between a time 

period of November 1990 to December 2019. Regression is executed following an equation !! −	!" = ∑ &#'#! + )!$%
#&$  . Returns are presented in 

percentages on a monthly basis. Significant months are bolded and denoted with ***, ** and * indicating significance in 1%, 5% and 10% risk 

levels, respectively. 

Equal weighted                         
Developed markets January February March April May June July August September October November December 
B/M                         
SMB 2,070*** 0,316 -0,738** -0,641 0,022 0,010 -0,272 -0,217 0,097 -0,854** -0,541 -0,597 
HML 0,068 0,323 0,884** 0,711* -0,205 0,436 0,632** -0,019 0,078 -0,137 -0,423 0,313 
HML small 0,213 0,693 1,210*** 0,815** 0,225 1,180*** 1,110*** 0,526* 0,276 0,133 -0,177 0,240 
HML Large -0,081 -0,059 0,549 0,591 -0,642* -0,325 0,146 -0,571 -0,128 -0,412 -0,678 0,381 
Long-only small 3,280*** 1,980*** 1,570** 2,670*** 0,814 0,232 0,937 -0,249 0,084 -0,206 -0,093 1,510*** 
Long only large 0,614 0,932 1,590** 2,910*** 0,157 -0,804 0,485 -0,801 -0,587 0,130 -0,072 1,900*** 
MOM                         
SMB 2,200*** 0,542* -0,233 -0,294 0,264 0,299 0,054 0,031 0,352 -0,734** -0,525* -0,453 
WML -0,687 0,809 0,233 -1,570 -0,198 1,78*** 0,628 0,378 1,360** 0,078 0,059 1,520*** 
WML small -0,824 0,807 0,821 -0,813 -0,268 1,690*** 0,745** 0,508 1,340*** 0,666 0,699 2,020*** 
WML large -0,564 0,795 -0,372 -2,340** -0,147 1,870*** 0,502 0,240 1,380** -0,521 -0,594 1,000 
Long-only small 3,030*** 2,390*** 1,660** 2,090** 0,635 0,716 1,090 -0,055 0,763 0,110 0,395 2,560*** 
Long only large 0,416 1,540* 1,190* 1,500** 0,190 0,504 0,550 -0,435 0,113 0,083 -0,071 2,300*** 
Emerging Markets                         
B/M                         
SMB 0,190 -0,110 -0,137 0,163 0,416 0,523* -0,150 -0,043 -0,020 0,107 0,322 -0,499 
HML -0,292 -0,101 0,362 1,360*** 0,294 0,330 1,000*** 0,820** 0,700*** 0,865** 0,911*** 1,380*** 
HML small -0,914 -0,395 0,768* 1,780** 0,700 0,747* 1,090** 1,280** 0,887 1,010* 1,300** 2,090*** 
HML Large 0,288 0,163 -0,061 0,873** -0,140 -0,103 0,901** 0,332 0,485 0,704** 0,472 0,625* 
Long-only small 1,750* 2,160*** 1,630* 3,630*** 0,682 0,253 1,830*** -0,589 0,322 0,847 1,330 3,310*** 
Long only large 1,880* 2,260** 1,110 2,730** -0,453 -0,926 1,670** -1,300 -0,260 0,337 0,436 2,580** 
MOM                         
SMB 0,840** -0,007 -0,235 0,522 0,838** 0,716* 0,464 0,689 0,136 0,435 0,394 -0,075 
WML -0,354 -0,070 0,779 -0,328 -0,214 0,626* 0,519 1,190** 0,194 0,414 -0,460 -0,123 
WML small -0,550 -0,451 0,487 -0,060 -0,603 0,607 0,352 1,270 0,211 0,707 -0,477 -0,541 
WML large -0,211 0,287 1,050 -0,617 0,151 0,627* 0,660 1,070*** 0,156 0,098 -0,467 0,277 
Long-only small 2,630** 1,790** 1,280 2,930*** 0,278 0,448 1,860** 0,126 -0,028 0,913 0,799 2,230** 
Long only large 1,560 2,100*** 1,730 1,940* -0,344 -0,493 1,340* -0,953 -0,476 -0,055 0,105 2,470** 
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Appendix 2: Dummy regression results excess to risk-free returns to detect Month-of-the-year effect among value-weighted portfolios between a 

time period of November 1990 to December 2019. Regression is executed following an equation !! −	!" = ∑ &#'#! + )!$%
#&$ . Returns are presented 

in percentages on a monthly basis. Significant months are bolded and denoted with ***, ** and * indicating significance in 1%, 5% and 10% risk 

levels, respectively. 

Value weighted                         
Developed markets January February March April May June July August September October November December 

B/M                         
SMB -0,215 -1,610*** -0,676* -0,121 0,713** 0,470 -0,305 -0,484 0,118 0,345 -1,300*** -0,078 
HML -0,135 -0,508 -0,512 0,332 -0,050 -0,009 0,548 0,548 -0,314 -0,052 0,364 -0,345 
HML small -0,002 -0,317 -0,256 0,191 0,208 0,201 0,868* 0,512 -0,220 0,408 0,658* 0,138 
HML Large -0,281 -0,716 -0,785 0,464 -0,319 -0,232 0,218 0,563 -0,413 -0,525 0,057 -0,842* 
Long-only small -0,721 -0,462 -0,194 1,850*** 1,190 1,390** 1,540** 2,330*** 0,384 0,391 0,129 -0,871 
Long only large -0,927 0,660 -0,030 1,800*** -0,071 0,299 1,140 2,560*** -0,041 -0,642 0,864 -1,510 
MOM                         
SMB 0,762** 0,511* 0,049 -0,285 0,380 0,350 -1,040*** 0,025 -0,197 -1,220*** -0,656* 0,031 
WML -0,281 0,926 -0,140 -2,02* -0,158 1,750*** 0,532 0,279 1,320** -0,108 -0,329 1,460** 
WML small -0,149 0,931 0,159 -1,520 -0,418 1,640*** 0,939** 0,694 1,660*** 0,201 -0,056 1,540*** 
WML large -0,435 0,911 -0,449 -2,540** 0,088 1,860*** 0,113 -0,148 0,966 -0,432 -0,617 1,360* 
Long-only small 1,230 1,830** 1,400** 1,650* 0,503 0,955 0,340 -0,121 0,434 -0,204 0,007 2,600*** 
Long only large 0,040 1,080 0,850 1,320** 0,159 0,620 0,803 -0,747 -0,030 0,499 -0,007 2,210*** 
Emerging Markets                         
B/M                         
SMB -0,335 0,517 0,311 -0,174 0,350 -0,584 -0,879** -0,285 -0,677 -1,060** -0,249 -0,774* 
HML 0,384 0,034 0,230 1,040** 0,174 -0,382 0,776** 0,221 0,855** 0,202 0,334 0,908** 
HML small 0,156 0,016 0,662 1,210** 1,040* 0,295 1,090** 0,468 1,000*** 0,853* 0,921* 1,060* 
HML Large 0,569 0,041 -0,252 0,842 -0,736 -1,080** 0,434 -0,071 0,682 -0,476 -0,273 0,735 
Long-only small 0,908 2,520*** 1,820 2,830*** 0,754 -0,929 1,020 -1,340 -0,450 0,306 0,721 3,090*** 
Long only large 1,060 1,720* 0,678 2,530** -0,933 -1,090 1,310 -1,600 -0,247 0,393 0,276 3,100*** 
MOM                         
SMB 0,017 1,070*** 0,186 -0,021 0,442 -0,393 -0,398 0,073 -0,323 -0,718 -0,271 -0,584 
WML -0,487 0,614 0,174 -0,375 0,679 1,160*** 0,709* 1,360*** 0,731* 0,954* 0,597 -0,038 
WML small -0,956 -0,061 0,271 -0,171 0,518 1,210*** 1,440*** 1,910*** 0,989* 1,680** 0,763 -0,172 
WML large -0,095 1,240* 0,053 -0,612 0,818 1,090*** -0,056 0,782* 0,454 0,193 0,415 0,059 
Long-only small 0,634 2,650*** 1,310 2,280** 0,236 -0,152 1,440 -0,341 -0,136 1,050 0,573 2,250** 
Long only large 0,847 2,300*** 0,966 1,870* -0,077 -0,162 0,930 -1,310 -0,353 0,624 0,405 2,860*** 
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Appendix 3: Welch t-test statistics to observe the statistical difference between mean returns 
of statistically significant month and other 11 months, based on original regressions. Returns 
are calculated excess to market index. Month column highlights the month regressed against 
other months. Mean 1, Mean 2, Se1 and Se2 are the mean excess returns and Newey West 
standard errors of the significant month and other months, respectively Mean excess returns are 
log returns calculated excess to market index on a monthly basis. P-values indicating significant 
difference are bolded and denoted with *, ** and *** indicating significance in 1%, 5% and 
10% levels.  

Rt-Rm  Month  Mean1 Mean2 Se1 Se2 T-Stat. P-value 
DeSMBb January 2,530 % -0,608 % 0,011 0,003 2,832 0,008*** 
DeHMLsb June 1,840 % 0,161 % 0,008 0,003 1,909 0,064* 
DeLOsb January 3,740 % 0,544 % 0,008 0,002 4,085 0,000*** 
DeLOsb February 1,660 % 0,732 % 0,008 0,002 1,187 0,244 
DeLOsb May 1,190 % 0,774 % 0,006 0,002 0,677 0,503 
DeLOlb April 1,450 % 0,203 % 0,006 0,002 1,869 0,070* 
DeSMBm January 2,660 % -0,362 % 0,011 0,003 2,749 0,009*** 
DeWMLm June 2,440 % -0,074 % 0,010 0,004 2,433 0,019** 
DeWMLsm June 2,350 % 0,209 % 0,009 0,003 2,274 0,029** 
DeWMLlm June 2,530 % -0,370 % 0,011 0,004 2,533 0,016** 
DeLOsm January 3,490 % 0,828 % 0,009 0,002 2,913 0,006*** 
DeLOsm February  2,070 % 0,956 % 0,008 0,002 1,292 0,205 
DeLOsm September 1,390 % 1,020 % 0,007 0,002 0,527 0,602 
DeLOsm December 1,320 % 1,020 % 0,006 0,002 0,485 0,631 
EeLOsb April 2,630 % 1,020 % 0,009 0,003 1,804 0,079* 
EeLOsb July 2,320 % 1,050 % 0,010 0,003 1,193 0,241 
EeLOsb September 1,250 % 1,150 % 0,005 0,003 0,168 0,867 
EeLOlb April  1,730 % 0,457 % 0,008 0,003 1,555 0,129 
EeLOlb July 2,160 % 0,419 % 0,008 0,003 1,991 0,055* 
EeLOsm January 2,210 % 0,883 % 0,009 0,003 1,345 0,187 
EeLOsm April 1,930 % 0,908 % 0,009 0,003 1,113 0,273 
EeLOsm June 1,320 % 0,963 % 0,005 0,003 0,585 0,561 
EeLOsm July 2,350 % 0,869 % 0,011 0,003 1,356 0,184 
EeLOlm July 1,830 % 0,343 % 0,009 0,002 1,623 0,114 
DvLOsb June 2,050 % 0,185 % 0,010 0,003 1,844 0,073* 
DvLOsb August 2,780 % 0,119 % 0,010 0,003 2,456 0,019** 
DvLOlb August 3,010 % -0,159 % 0,010 0,003 2,993 0,005*** 
DvWMLm June 2,410 % -0,177 % 0,010 0,004 2,384 0,022** 
DvWMLsm June 2,300 % 0,049 % 0,010 0,004 2,139 0,039** 
DvWMLsm September 2,290 % 0,051 % 0,011 0,004 2,015 0,051* 
DvWMLlm June 2,520 % -0,418 % 0,011 0,004 2,603 0,013** 
DvLOsm January 1,690 % 0,561 % 0,008 0,002 1,371 0,180 
DvLOsm June 1,620 % 0,568 % 0,007 0,002 1,423 0,163 
DvLOsm December 1,370 % 0,588 % 0,005 0,002 1,316 0,196 
DvLOlm June 1,280 % 0,250 % 0,005 0,002 1,925 0,061* 
EvLOsb February 2,130 % 0,529 % 0,009 0,002 1,671 0,104 
EvLOsb April 1,830 % 0,557 % 0,007 0,003 1,687 0,100 
EvLOlb April 1,530 % 0,217 % 0,006 0,002 2,125 0,040** 
EvLOsb July 1,510 % 0,586 % 0,009 0,002 0,950 0,349 
EvWMLm August 2,910 % -0,018 % 0,014 0,004 2,066 0,046** 
EvWMLsm August 3,460 % 0,054 % 0,014 0,005 2,331 0,026** 
EvLOsm February 2,260 % 0,564 % 0,009 0,003 1,779 0,084* 
EvLOlm February 1,910 % 0,335 % 0,009 0,002 1,724 0,094* 
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Appendix 4: Regression results of mean excess return above risk-free return to detect the 
Halloween effect. Each portfolio was regressed against half-year periods with Newey-West 
estimator following equation !!	 −	!# = %$&$! + %%(%! +	)!. Statistically significant half-
year periods are bolded and denoted with ***, ** and * indicating significance at 1%, 5% and 
10% levels, respectively. DM and EM stand for Developed and Emerging markets, EW and 
VW for equal- and value-weighted, respectively. Returns are presented in percentages. 

DM portfolios         Emerging markets     
  Summer Winter Summer Winter 

 EW VW EW VW EV VW EW VW 

B/M                 

SMB -0,202 0,143 -0,027 -0,667*** 0,139 -0,522*** -0,013 -0,122 

HML 0,131 0,112 0,308 -0,132 0,669*** 0,308 0,609*** 0,490*** 

HML small 0,576*** 0,329* 0,493*** 0,072 0,952*** 0,793*** 0,783*** 0,673*** 

HML Large -0,322** -0,118 0,114 -0,351 0,363** -0,208 0,395*** 0,276 

Long-only small 0,269 1,200*** 1,810*** -0,048 0,558 -0,107 2,300*** 1,980*** 

Long only large -0,237 0,540 1,310*** 0,137 -0,155 -0,360 1,830*** 1,560*** 

MOM                 

SMB 0,044 -0,283** 0,198 0,064 0,546*** -0,219 0,239 0,061 

WML 0,672*** 0,603** 0,069 -0,057 0,455 0,932*** -0,095 0,083 

WML small 0,779*** 0,786*** 0,462 0,157 0,423 1,290*** -0,268 -0,050 

WML large 0,554** 0,408 -0,340 -0,286 0,460** 0,546*** 0,052 0,178 

Long-only small 0,543 0,318 2,010*** 1,450*** 0,600 0,351 1,940*** 1,610*** 

Long only large 0,168 0,217 1,140*** 0,917*** -0,163 -0,059 1,650*** 1,540*** 

 

Appendix 5: Welch t-test with Newey-West standard errors (SE1 & SE2) for whole sample. 
Mean excess returns (Summer & Winter) are calculated excess to risk-free return. Significantly 
different half-year periods are bolded and denoted with *, ** and *** indicating significance in 
1%, 5% and 10% levels. Positive T-stat. indicates the winter-period return to have been higher 
than the corresponding summer-period return. 

Rt-Rf Summer Winter SE1 SE2 T-stat. P-value 
DeSMBb -0,2020 % -0,0274 % 0,00144 0,00165 0,797 0,426 
DeHMLb 0,1310 % 0,3080 % 0,00137 0,00194 0,745 0,457 
DeHMLsb 0,5760 % 0,4930 % 0,00146 0,00188 -0,349 0,728 
DeHMLlb -0,3220 % 0,1140 % 0,00153 0,00225 1,602 0,11 
DeLOsb 0,2690 % 1,8100 % 0,00365 0,00287 3,319 0,001*** 
DeLOlb -0,2370 % 1,3100 % 0,00378 0,00331 3,079 0,002*** 
DvSMBb 0,1430 % -0,6670 % 0,00156 0,00147 -3,779 0,000*** 
DvHMLb 0,1120 % -0,1320 % 0,0017 0,00178 -0,991 0,322 
DvHMLsb 0,3290 % 0,0723 % 0,00191 0,00201 -0,926 0,355 
DvHMLlb -0,1180 % -0,3510 % 0,00187 0,00195 -0,862 0,389 
DvLOsb 1,2000 % -0,0482 % 0,00297 0,00342 -2,756 0,006*** 
DvLOlb 0,5400 % 0,1370 % 0,00329 0,00382 -0,799 0,425 
DeSMBm 0,0441 % 0,1980 % 0,00141 0,00152 0,742 0,458 
DeWMLm 0,6720 % 0,0686 % 0,00222 0,00301 -1,613 0,108 
DeWMLsm 0,7790 % 0,4620 % 0,00206 0,00278 -0,916 0,36 
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DeWMLlm 0,5540 % -0,3400 % 0,00262 0,00346 -2,06 0,040** 
DeLOsm 0,5430 % 2,0100 % 0,00384 0,00327 2,909 0,004*** 
DeLOlm 0,1680 % 1,1400 % 0,00371 0,00314 2 0,046** 
DvSMBm -0,2830 % 0,0642 % 0,00143 0,00136 1,759 0,079* 
DvWMLm 0,6030 % -0,0566 % 0,0024 0,00338 -1,591 0,113 
DvWMLsm 0,7860 % 0,1570 % 0,00234 0,00324 -1,574 0,117 
DvWMLlm 0,4080 % -0,2860 % 0,00273 0,00374 -1,499 0,135 
DvLOsm 0,3180 % 1,4500 % 0,00392 0,00333 2,201 0,0284** 
DvLOlm 0,2170 % 0,9170 % 0,00364 0,00322 1,44 0,151 
EeSMBb 0,1390 % -0,0127 % 0,00136 0,00157 -0,73 0,466 
EeHMLb 0,6690 % 0,6090 % 0,00141 0,00167 -0,275 0,784 
EeHMLsb 0,9520 % 0,7830 % 0,00209 0,00271 -0,494 0,622 
EeHMLlb 0,3630 % 0,3950 % 0,00142 0,00166 0,146 0,884 
EeLOsb 0,5580 % 2,3000 % 0,0046 0,0039 2,889 0,004*** 
EeLOlb -0,1550 % 1,8300 % 0,0052 0,00461 2,856 0,005*** 
EvSMBb -0,5220 % -0,1220 % 0,0018 0,00166 1,634 0,103 
EvHMLb 0,3080 % 0,4900 % 0,00159 0,00186 0,744 0,458 
EvHMLsb 0,7930 % 0,6730 % 0,00214 0,00235 -0,378 0,706 
EvHMLlb -0,2080 % 0,2760 % 0,00193 0,00222 1,645 0,101 
EvLOsb -0,1070 % 1,9800 % 0,00497 0,00423 3,198 0,002*** 
EvLOlb -0,3600 % 1,5600 % 0,00549 0,00439 2,731 0,007*** 
EeSMBm 0,5460 % 0,2390 % 0,00158 0,00171 -1,319 0,188 
EeWMLm 0,4550 % -0,0950 % 0,00234 0,00323 -1,379 0,169 
EeWMLsm 0,4230 % -0,2680 % 0,00311 0,00377 -1,414 0,158 
EeWMLlm 0,4600 % 0,0515 % 0,00209 0,00314 -1,083 0,28 
EeLOsm 0,6000 % 1,9400 % 0,0049 0,00396 2,127 0,034** 
EeLOlm -0,1630 % 1,6500 % 0,00486 0,00396 2,892 0,004*** 
EvSMBm -0,2190 % 0,0606 % 0,00174 0,00155 1,2 0,231 
EvWMLm 0,9320 % 0,0831 % 0,00195 0,00245 -2,711 0,007*** 
EvWMLsm 1,2900 % -0,0503 % 0,00247 0,00295 -3,484 0,001*** 
EvWMLlm 0,5460 % 0,1780 % 0,00208 0,00279 -1,057 0,291 
EvLOsm 0,3510 % 1,6100 % 0,00512 0,00402 1,934 0,054* 
EvLOlm -0,0585 % 1,5400 % 0,00524 0,00404 2,416 0,016** 

 

Appendix 6: Welch t-test with Newey-West standard errors (SE1 & SE2) for whole sample. 
Mean excess returns (Summer & Winter) are calculated excess to market index. Significantly 
different half year periods are bolded and denoted with *, ** and *** indicating significance in 
1%, 5% and 10% levels. Positive T-stat. indicates the winter-period return to have been higher 
than the corresponding summer-period return. 

Rt-Rm  Summer Winter SE1 SE2 T-stat. P-value 
DM index 0,0740 % 0,8480 % 0,00319 0,00352 1,6293 0,1042 
EM index -0,3840 % 1,3300 % 0,00499 0,00488 2,4557 0,0145** 
DeSMBb -0,0159 % -0,6770 % 0,004 0,004 -1,173 0,242 
DeHMLb 0,3180 % -0,3410 % 0,004 0,0041 -1,153 0,25 
DeHMLsb 0,7620 % -0,1560 % 0,0042 0,0042 -1,546 0,123 
DeHMLlb -0,1350 % -0,5350 % 0,0039 0,0041 -0,71 0,478 
DeLOsb 0,4550 % 1,1600 % 0,0029 0,003 1,707 0,089* 
DeLOlb -0,0502 % 0,6590 % 0,0024 0,0026 1,991 0,047** 
DvSMBb 0,3290 % -1,3200 % 0,0039 0,0034 -3,184 0,002*** 
DvHMLb 0,2980 % -0,7820 % 0,0039 0,0038 -1,981 0,048** 
DvHMLsb 0,5160 % -0,5770 % 0,0041 0,004 -1,904 0,058* 
DvHMLlb 0,0685 % -1,0000 % 0,0039 0,0038 -1,97 0,050** 
DvLOsb 1,3900 % -0,6970 % 0,0047 0,0043 -3,291 0,001*** 
DvLOlb 0,7270 % -0,5120 % 0,0047 0,0046 -1,872 0,062* 
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DeSMBm 0,2310 % -0,4510 % 0,0041 0,004 -1,201 0,231 
DeWMLm 0,8580 % -0,5810 % 0,0046 0,0049 -2,144 0,033** 
DeWMLsm 0,9650 % -0,1870 % 0,0045 0,0046 -1,788 0,075* 
DeWMLlm 0,7400 % -0,9890 % 0,0049 0,0053 -2,408 0,017** 
DeLOsm 0,7290 % 1,3600 % 0,0031 0,0033 1,387 0,166 
DeLOlm 0,3540 % 0,4950 % 0,0027 0,0029 0,355 0,723 
DvSMBm -0,0962 % -0,5850 % 0,0039 0,0037 -0,913 0,362 
DvWMLm 0,7890 % -0,7060 % 0,0047 0,0052 -2,138 0,033** 
DvWMLsm 0,9720 % -0,4920 % 0,0047 0,005 -2,131 0,034** 
DvWMLlm 0,5940 % -0,9350 % 0,0049 0,0055 -2,086 0,038** 
DvLOsm 0,5040 % 0,8030 % 0,003 0,0031 0,689 0,492 
DvLOlm 0,4040 % 0,2680 % 0,0026 0,0029 -0,348 0,728 
EeSMBb 0,6230 % -1,0500 % 0,0059 0,0054 -2,1 0,036** 
EeHMLb 1,1500 % -0,4280 % 0,0055 0,0049 -2,152 0,032** 
EeHMLsb 1,4400 % -0,2550 % 0,006 0,0055 -2,095 0,037** 
EeHMLlb 0,8480 % -0,6420 % 0,0052 0,0047 -2,126 0,034** 
EeLOsb 1,0400 % 1,2700 % 0,0034 0,0039 0,442 0,659 
EeLOlb 0,3290 % 0,7940 % 0,0031 0,0037 0,967 0,334 
EvSMBb -0,0373 % -1,1600 % 0,0061 0,0053 -1,388 0,166 
EvHMLb 0,7920 % -0,5470 % 0,0054 0,0047 -1,882 0,061* 
EvHMLsb 1,2800 % -0,3640 % 0,0057 0,0049 -2,181 0,030** 
EvHMLlb 0,2760 % -0,7610 % 0,0053 0,0049 -1,448 0,149 
EvLOsb 0,3770 % 0,9430 % 0,0032 0,0035 1,196 0,233 
EvLOlb 0,1250 % 0,5260 % 0,0029 0,0032 0,939 0,348 
EeSMBm 1,0300 % -0,7980 % 0,006 0,0055 -2,254 0,025** 
EeWMLm 0,9390 % -1,1300 % 0,0063 0,0061 -2,369 0,018** 
EeWMLsm 0,9080 % -1,3100 % 0,0066 0,0063 -2,423 0,016** 
EeWMLlm 0,9440 % -0,9860 % 0,0062 0,0061 -2,226 0,027** 
EeLOsm 1,0800 % 0,9010 % 0,0041 0,0042 -0,308 0,758 
EeLOlm 0,3220 % 0,6100 % 0,0032 0,0033 0,627 0,531 
EvSMBm 0,2650 % -0,9770 % 0,0061 0,0053 -1,548 0,123 
EvWMLm 1,4200 % -0,9540 % 0,0059 0,0057 -2,911 0,004*** 
EvWMLsm 1,7800 % -1,0900 % 0,0062 0,0059 -3,379 0,001*** 
EvWMLlm 1,0300 % -0,8590 % 0,0059 0,0058 -2,285 0,023** 
EvLOsm 0,8350 % 0,5760 % 0,0036 0,0036 -0,507 0,612 
EvLOlm 0,4260 % 0,5050 % 0,0028 0,0031 0,19 0,85 

 

Appendix 7: Regression results of mean excess returns over risk-free return to detect the 
Quarter-end effect. Each portfolio was regressed against joint quarter-ending months and 
remaining months with Newey-West estimator following equation !!	 −	!# = %$*$! +
%%+%! +	)!. Statistically significant time-periods are bolded and denoted with ***, ** and * 
indicating significance at 1%, 5% and 10% levels, respectively. DM and EM stands for 
Developed and Emerging markets, EW and VW for equal- and value-weighted, respectively. 
Returns are presented in percentages. 

DM portfolios       EM portfolios     
  QE-months Other QE-months Other 

 EW VW EW VW EV VW EW VW 

B/M                 

SMB -0,310* -0,042 -0,017 -0,376*** -0,038 -0,434** 0,113 -0,264* 

HML 0,427** -0,295 0,117 0,132 0,698*** 0,407** 0,609*** 0,396** 

HML small 0,723*** -0,033 0,440*** 0,317** 1,130 0,757*** 0,734*** 0,721*** 



 

 
80 

HML Large 0,122 -0,571** -0,215 -0,067 0,240 0,027 0,449*** 0,040 

Long-only small 0,855** 0,168 1,140*** 0,777*** 1,400*** 0,902 1,460*** 0,963** 

Long only large 0,536 -0,331 0,542 0,673** 0,643 0,632 0,944** 0,595 

MOM                 

SMB -0,013 0,058 0,189 -0,192 0,134 -0,281 0,521*** 0,023 

WML 1,230*** 1,100*** -0,062 -0,145 0,365 0,501** 0,085 0,507** 

WML small 1,470*** 1,250*** 0,192 0,077 0,185 0,567** 0,021 0,642** 

WML large 0,970*** 0,939*** -0,330 -0,383 0,525** 0,410 0,119 0,337 

Long-only small 1,430*** 1,360*** 1,210*** 0,652** 0,994* 0,830 1,410*** 1,060*** 

Long only large 1,040** 0,923** 0,469 0,391 0,824 0,845 0,709* 0,697* 

 

Appendix 8: Welch t-test with Newey-West standard errors (SE1 & SE2) for whole sample. 
Mean excess returns (QE & Other) are calculated excess to risk-free return. Significant 
differences are bolded and denoted with *, ** and *** indicating significance in 1%, 5% and 
10% levels. Positive T-stat. indicates the QE-return to have been higher than the corresponding 
mean return of other months. 

Rt-Rf QE Other SE1 SE2 T-stat. P-value 
DeSMBb -0,3100 % -0,0165 % 0,00164 0,00143 -1,3489 0,1787 
DeHMLb 0,4270 % 0,1170 % 0,00167 0,00158 1,3484 0,1788 
DeHMLsb 0,7230 % 0,4400 % 0,00182 0,00153 1,1902 0,2353 
DeHMLlb 0,1220 % -0,2150 % 0,00192 0,00181 1,2772 0,2028 
DeLOsb 0,8550 % 1,1400 % 0,00368 0,00302 -0,5987 0,5500 
DeLOlb 0,5360 % 0,5420 % 0,00419 0,00319 -0,0114 0,9909 
DvSMBb -0,0418 % -0,3760 % 0,00171 0,0014 1,5122 0,1320 
DvHMLb -0,2950 % 0,1320 % 0,00242 0,00139 -1,5300 0,1281 
DvHMLsb -0,0330 % 0,3170 % 0,00278 0,00154 -1,1013 0,2726 
DvHMLlb -0,5710 % -0,0667 % 0,00246 0,00161 -1,7153 0,0881* 
DvLOsb 0,1680 % 0,7770 % 0,00392 0,00281 -1,2627 0,2083 
DvLOlb -0,3310 % 0,6730 % 0,00425 0,00312 -1,9043 0,0584* 
DeSMBm -0,0127 % 0,1890 % 0,00154 0,00135 -0,9849 0,3257 
DeWMLm 1,2300 % -0,0623 % 0,00272 0,00243 3,5431 0,0005*** 
DeWMLsm 1,4700 % 0,1920 % 0,00225 0,0023 3,9720 0,0001*** 
DeWMLlm 0,9700 % -0,3300 % 0,00343 0,00276 2,9528 0,0035*** 
DeLOsm 1,4300 % 1,2100 % 0,00398 0,00327 0,4271 0,6697 
DeLOlm 1,0400 % 0,4690 % 0,00405 0,00305 1,1262 0,2615 
DvSMBm 0,0583 % -0,1920 % 0,0016 0,00125 1,2328 0,2191 
DvWMLm 1,1000 % -0,1450 % 0,00302 0,0027 3,0733 0,0024*** 
DvWMLsm 1,2500 % 0,0767 % 0,00283 0,00263 3,0370 0,0027*** 
DvWMLlm 0,9390 % -0,3830 % 0,00346 0,00299 2,8909 0,0042*** 
DvLOsm 1,3600 % 0,6520 % 0,00413 0,00328 1,3424 0,1809 
DvLOlm 0,9230 % 0,3910 % 0,00401 0,00305 1,0560 0,2923 
EeSMBb -0,0375 % 0,1130 % 0,00172 0,0013 -0,6980 0,4860 
EeHMLb 0,6980 % 0,6090 % 0,00158 0,00144 0,4163 0,6775 
EeHMLsb 1,1300 % 0,7340 % 0,0025 0,00224 1,1797 0,2393 
EeHMLlb 0,2400 % 0,4490 % 0,00163 0,00142 -0,9668 0,3347 
EeLOsb 1,4000 % 1,4600 % 0,00514 0,00378 -0,0940 0,9252 
EeLOlb 0,6430 % 0,9440 % 0,0059 0,00436 -0,4103 0,6821 
EvSMBb -0,4340 % -0,2640 % 0,002 0,00154 -0,6735 0,5014 
EvHMLb 0,4070 % 0,3960 % 0,00195 0,00156 0,0440 0,9649 
EvHMLsb 0,7570 % 0,7210 % 0,00255 0,00202 0,1107 0,9120 
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EvHMLlb 0,0267 % 0,0398 % 0,00247 0,00184 -0,0425 0,9661 
EvLOsb 0,9020 % 0,9630 % 0,00585 0,00401 -0,0860 0,9316 
EvLOlb 0,6320 % 0,5950 % 0,00593 0,00442 0,0500 0,9602 
EeSMBm 0,1340 % 0,5210 % 0,0021 0,00139 -1,5367 0,1262 
EeWMLm 0,3650 % 0,0847 % 0,00248 0,00274 0,7585 0,4488 
EeWMLsm 0,1850 % 0,0208 % 0,00316 0,00332 0,3582 0,7204 
EeWMLlm 0,5250 % 0,1190 % 0,00238 0,00258 1,1567 0,2484 
EeLOsm 0,9940 % 1,4100 % 0,00532 0,00393 -0,6290 0,5301 
EeLOlm 0,8240 % 0,7090 % 0,00552 0,00387 0,1706 0,8647 
EvSMBm -0,2810 % 0,0229 % 0,00184 0,00149 -1,2836 0,2007 
EvWMLm 0,5010 % 0,5070 % 0,00208 0,00214 -0,0201 0,9840 
EvWMLsm 0,5670 % 0,6420 % 0,00255 0,00265 -0,2039 0,8386 
EvWMLlm 0,4100 % 0,3370 % 0,00256 0,00229 0,2125 0,8319 
EvLOsm 0,8300 % 1,0600 % 0,00547 0,00407 -0,3373 0,7362 
EvLOlm 0,8450 % 0,6970 % 0,00571 0,0041 0,2105 0,8335 

 

Appendix 9: Welch t-test with Newey-West standard errors (SE1 & SE2) for whole sample. 
Mean excess returns (QE & Other) are calculated excess to market index. Significant 
differences are bolded and denoted with *, ** and *** indicating significance in 1%, 5% and 
10% levels. Positive T-stat. indicates the QE-return to have been higher than the corresponding 
mean return of other months. 

 Rt-Rm QE Other SE1 SE2 T-stat. P-value 
DM index 0,1280 % 0,6320 % 0,00382 0,00302 -1,0350 0,3019 
EM index -0,3840 % 0,9110 % 0,00587 0,00436 -1,7710 0,0782* 
DeSMBb -0,6100 % -0,2170 % 0,00451 0,00358 -0,6825 0,4957 
DeHMLb 0,1270 % -0,0839 % 0,00466 0,0036 0,3581 0,7206 
DeHMLsb 0,4230 % 0,2390 % 0,00501 0,0037 0,2954 0,7680 
DeHMLlb -0,1780 % -0,4160 % 0,00445 0,0036 0,4158 0,6780 
DeLOsb 0,5550 % 0,9360 % 0,00313 0,00268 -0,9246 0,3562 
DeLOlb 0,2360 % 0,3410 % 0,00286 0,00227 -0,2876 0,7740 
DvSMBb -0,3420 % -0,5760 % 0,00451 0,00323 0,4218 0,6736 
DvHMLb -0,5960 % -0,0686 % 0,00502 0,00325 -0,8819 0,3791 
DvHMLsb -0,3330 % 0,1170 % 0,0052 0,00345 -0,7211 0,4718 
DvHMLlb -0,8710 % -0,2670 % 0,00504 0,00321 -1,0108 0,3136 
DvLOsb -0,1320 % 0,5770 % 0,00594 0,00379 -1,0062 0,3158 
DvLOlb -0,6320 % 0,4730 % 0,00599 0,00397 -1,5377 0,1260 
DeSMBm -0,3130 % -0,0114 % 0,00459 0,0036 -0,5170 0,6057 
DeWMLm 0,9260 % -0,2630 % 0,00542 0,00426 1,7247 0,0861* 
DeWMLsm 1,1700 % -0,0083 % 0,00505 0,00413 1,8061 0,0723* 
DeWMLlm 0,6700 % -0,5310 % 0,00594 0,00452 1,6090 0,1092 
DeLOsm 1,1300 % 1,0100 % 0,00345 0,00296 0,2640 0,7920 
DeLOlm 0,7370 % 0,2680 % 0,00336 0,00246 1,1262 0,2615 
DvSMBm -0,2420 % -0,3920 % 0,00437 0,00337 0,2718 0,7861 
DvWMLm 0,8010 % -0,3460 % 0,0056 0,00446 1,6022 0,1107 
DvWMLsm 0,9520 % -0,1240 % 0,00549 0,00439 1,5307 0,1274 
DvWMLlm 0,6390 % -0,5830 % 0,00586 0,00467 1,6308 0,1045 
DvLOsm 1,0600 % 0,4520 % 0,0035 0,00275 1,3659 0,1735 
DvLOlm 0,6230 % 0,1910 % 0,0033 0,00242 1,0557 0,2925 
EeSMBb -0,8080 % 0,0781 % 0,00716 0,00482 -1,0266 0,3060 
EeHMLb -0,0721 % 0,5740 % 0,00639 0,00451 -0,8261 0,4099 
EeHMLsb 0,3610 % 0,6990 % 0,00684 0,00505 -0,3975 0,6914 
EeHMLlb -0,5300 % 0,4140 % 0,00623 0,00426 -1,2508 0,2127 
EeLOsb 0,6250 % 1,4200 % 0,00407 0,00332 -1,5136 0,1316 
EeLOlb -0,1270 % 0,9090 % 0,00362 0,00311 -2,1708 0,0310** 
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EvSMBb -1,2000 % -0,2990 % 0,00693 0,00498 -1,0558 0,2924 
EvHMLb -0,3630 % 0,3610 % 0,00621 0,00436 -0,9542 0,3413 
EvHMLsb -0,0136 % 0,6860 % 0,00638 0,0047 -0,8829 0,3784 
EvHMLlb -0,7440 % 0,0050 % 0,00644 0,00431 -0,9665 0,3352 
EvLOsb 0,1320 % 0,9280 % 0,00354 0,00307 -1,6988 0,0908* 
EvLOlb -0,1390 % 0,5600 % 0,00348 0,00268 -1,5914 0,1131 
EeSMBm -0,6370 % 0,4860 % 0,00734 0,00489 -1,2733 0,2047 
EeWMLm -0,4050 % 0,0498 % 0,00726 0,00552 -0,4987 0,6186 
EeWMLsm -0,5860 % -0,0141 % 0,00762 0,00578 -0,5980 0,5506 
EeWMLlm -0,2450 % 0,0836 % 0,00712 0,00549 -0,3655 0,7151 
EeLOsm 0,2240 % 1,3800 % 0,00459 0,00369 -1,9629 0,0510* 
EeLOlm 0,0534 % 0,6740 % 0,00335 0,00301 -1,3780 0,1695 
EvSMBm -1,0500 % -0,0120 % 0,00697 0,00492 -1,2167 0,2253 
EvWMLm -0,2690 % 0,4720 % 0,00706 0,00508 -0,8519 0,3954 
EvWMLsm -0,2030 % 0,6070 % 0,0073 0,00534 -0,8956 0,3716 
EvWMLlm -0,3600 % 0,3020 % 0,00712 0,00512 -0,7549 0,4513 
EvLOsm 0,0594 % 1,0300 % 0,00388 0,00328 -1,9104 0,0573* 
EvLOlm 0,0747 % 0,6620 % 0,00318 0,00269 -1,4100 0,1600 
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Appendix 10: Sub-sample regressions results to detect Month-of-the-year effect over the period of 1990-2007. Returns are calculated excess to 
market return on a monthly basis. Returns are presented in percentages. Significant monthly mean returns excess to market index are bolded and 
denoted with *, ** and *** indicating significance in 1%, 5% and 10% significance levels. 

Rt-Rm January February March April May June July August September October November December 
DeSMBb 2,410** 0,701 -1,290 -2,400** -0,385 0,841 1,200 -0,429 0,794 -2,740* -0,781 -1,950** 
DeHMLb -0,203 0,971 0,877 -0,877 0,215 1,600 2,490 -0,239 0,880 -2,360 -1,020 -0,783 
DeHMLsb -0,186 1,040 1,430 -0,677 0,583 2,330** 3,040** 0,212 1,420 -2,020 -0,910 -0,876 
DeHMLlb -0,223 0,890 0,315 -1,100 -0,160 0,862 1,930 -0,697 0,326 -2,710 -1,140 -0,694 
DeLOsb 4,020*** 2,590*** 0,986 0,513 1,790*** 1,420* 1,680 0,027 0,862 -1,200 -0,210 0,437 
DeLOlb 0,835 1,270 0,655 0,700 1,270*** 0,286 1,080 -0,517 0,012 -0,954 -0,531 1,150 
DvSMBb -0,545 -1,840* -1,110 -2,130*** 0,788 1,460 1,000 -0,851 1,010 -1,540 -2,200** -0,972 
DvHMLb -0,356 -0,774 -0,956 -1,580** -0,093 1,490 2,670** 0,416 1,520 -1,610 -0,188 -1,180 
DvHMLsb -0,109 -0,676 -0,909 -1,780** 0,074 1,520 3,190** 0,595 1,560 -1,040 0,120 -0,764 
DvHMLlb -0,622 -0,880 -1,020 -1,390 -0,266 1,440 2,140 0,221 1,470 -2,200 -0,511 -1,620* 
DvLOsb -1,550 0,254 -0,132 0,486 1,780 2,670** 2,950 1,790 2,570* -1,020 -1,540 -1,560 
DvLOlb -1,830 1,580 0,164 0,737 0,259 1,330 2,340 1,890 2,190* -2,210 -0,759 -2,300 
DeSMBm 2,600** 1,090 -0,584 -2,100** 0,099 1,160 1,680 -0,077 1,200 -2,670 -0,819 -1,870** 
DeWMLm -0,712 1,100 -0,311 -2,790** -1,110 2,760** 2,460 0,879 3,210** -2,070* -1,540 1,280 
DeWMLsm -0,958 0,998 0,514 -2,090 -0,820 2,610** 2,590 1,040 2,900** -1,360 -0,873 1,720** 
DeWMLlm -0,479 1,180 -1,160 -3,520** -1,410 2,910** 2,320 0,716 3,510** -2,790 -2,220* 0,814 
DeLOsm 4,090*** 3,070*** 1,030* -0,046 1,250 1,980** 1,880 0,713 1,960** -0,824 -0,121 1,950*** 
DeLOlm 0,697 1,640 0,066 -0,421 0,256 1,570** 1,170 0,122 1,630** -0,990 -1,150 2,070** 
DvSMBm 0,918 0,790 -0,526 -2,100** 0,250 1,110 0,346 -0,048 0,533 -3,10* -1,360 -1,400 
DvWMLm -0,092 1,170 -0,810 -3,180** -1,260 2,750** 2,300 0,728 3,200** -2,240 -1,900 1,320 
DvWMLsm -0,081 1,310 -0,336 -2,550** -1,330 2,760** 2,660 1,330 3,660** -1,780 -1,680 1,350 
DvWMLlm -0,130 1,010 -1,300 -3,830** -1,210 2,730*** 1,930 0,105 2,730* -2,720 -2,130* 1,260 
DvLOsm 2,090* 2,260* 0,451 -0,426 0,867 2,270** 0,770 0,732 1,780** -1,070 -0,937 2,030*** 
DvLOlm 0,388 0,983 -0,296 -0,653 0,180 1,720*** 1,360 -0,272 1,320* -0,713 -0,975 2,040** 
EeSMBb -1,910 -0,123 -0,099 -0,850 0,907 1,180 1,340 0,998 0,579 -2,320 -0,361 -4,220** 
EeHMLb -2,550 0,017 -0,067 0,358 0,641 0,890 2,250 2,070 1,610 -1,730 0,161 -1,710 
EeHMLsb -3,360* -0,418 0,548 0,504 0,924 1,310 2,130 2,360 1,560 -1,790 0,525 -0,711 
EeHMLlb -1,810 0,405 -0,704 0,126 0,317 0,449 2,350 1,740 1,620 -1,700 -0,281 -2,760* 
EeLOsb 0,776 3,160** 0,982 1,810 1,730 1,390 2,880** 1,340 0,954 -0,592 2,040 0,018 
EeLOlb 1,360 3,030** -0,438 1,020 0,202 -0,100 2,580** 0,523 0,786 -0,915 0,607 -1,040 
EvSMBb -2,220* 0,322 0,405 -1,380 0,499 -0,211 0,460 0,470 -0,095 -3,540 -1,230 -5,020*** 
EvHMLb -1,430 0,051 -0,245 0,449 0,876 0,091 2,090 1,390 2,160 -2,310 -0,430 -2,630 
EvHMLsb -1,960 -0,215 0,486 0,900 1,970 0,446 2,340 1,330 2,040 -1,400 -0,062 -2,530 
EvHMLlb -0,944 0,302 -1,050 -0,048 -0,272 -0,286 1,810 1,370 2,250 -3,260* -0,818 -2,780 
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EvLOsb -0,105 3,070** 0,956 1,270 2,120* -0,451 1,820 0,366 0,611 -1,100 1,120 -0,342 
EvLOlb 0,367 2,400** -1,130 0,760 -0,026 -0,171 2,140** 0,288 1,360 -1,150 0,651 0,121 
EeSMBm -0,902 0,283 -0,268 -0,818 1,540 1,440 1,970 2,010 0,594 -2,170 -0,316 -3,740* 
EeWMLm -2,200 -0,207 0,808 -1,310 0,084 0,797 1,450 2,160 1,120 -2,250 -2,690 -3,630** 
EeWMLsm -2,750* -0,564 0,377 -0,941 -0,107 0,811 0,952 2,230 0,891 -1,960 -2,640 -4,490*** 
EeWMLlm -1,730 0,118 1,210 -1,720 0,241 0,755 1,910 2,030 1,320 -2,580 -2,770 -2,80** 
EeLOsm 2,130* 2,710* 0,464 0,920 1,520 1,550* 2,590* 2,430 0,370 -0,752 0,969 -1,580 
EeLOlm 1,240 2,400* 0,453 0,008 0,076 0,177 2,090* 0,659 0,553 -1,420 -0,357 -0,945 
EvSMBm -1,740 1,330 0,027 -1,260 0,659 0,117 1,040 0,981 0,392 -3,120 -1,260 -4,850*** 
EvWMLm -2,400 0,411 -0,385 -1,170 0,893 1,730 2,110 2,690 1,710 -1,030 -1,050 -3,310** 
EvWMLsm -3,570* -0,471 -0,441 -0,545 0,812 1,960 2,780 3,490 1,960 -0,040 -0,876 -3,590** 
EvWMLlm -1,340 1,230 -0,364 -1,850 0,945 1,460 1,390 1,850 1,440 -2,060 -1,240 -3,080** 
EvLOsm -0,462 3,300*** -0,130 0,611 1,050 1,040 2,380 1,890 0,979 -0,010 0,622 -1,420 
EvLOlm 0,195 2,700** -0,764 -0,204 0,574 0,610 1,630 0,356 0,871 -0,751 0,140 0,007 

 

Appendix 11: Sub-sample regressions results to detect Month-of-the-year effect over the period of 2008-2019. Returns are calculated excess to 
market return on a monthly basis. Returns are presented in percentages. Significant monthly mean returns excess to market index are bolded and 
denoted with *, ** and *** indicating significance in 1%, 5% and 10% significance levels. 

Rt-Rm January February March April May June July August September October November December 
DeSMBb 2,380 -1,190 -2,650 -1,360 1,470 -0,697 -1,700 1,040 -0,270 -2,660* -1,800** -0,723 
DeHMLb 0,791 -1,370 -2,090 -0,337 0,175 -0,585 -1,500 0,782 -0,716 -1,690 -1,190** -0,317 
DeHMLsb 1,110 -0,550 -2,150 -0,386 0,742 0,056 -1,080 1,530 -1,030 -1,700 -0,761 -0,287 
DeHMLlb 0,469 -2,200 -2,050 -0,305 -0,400 -1,240 -1,920 0,027 -0,410 -1,690 -1,630*** -0,351 
DeLOsb 3,560** 0,183 -0,035 2,480* 0,044 -0,274 1,000 0,354 0,796 -1,200 -0,898 0,547 
DeLOlb 1,440 -0,295 0,349 2,550** -0,775 -0,767 0,593 -0,649 0,330 -0,546 -0,301 0,245 
DvSMBb 1,020 -2,250 -2,680 -0,581 1,680 -0,419 -1,520 0,861 -0,716 -1,600 -1,560*** -0,964 
DvHMLb 0,896 -0,641 -2,740 -0,377 0,701 -1,470 -2,060 1,410 -2,350** -2,330* -0,542 -1,400 
DvHMLsb 0,885 -0,173 -2,300 -0,457 0,998 -1,030 -2,040 1,030 -2,290 -2,230* -0,246 -0,847 
DvHMLlb 0,901 -1,140 -3,210 -0,301 0,389 -1,910** -2,080 1,760 -2,4300** -2,440* -0,848 -1,970 
DvLOsb 0,852 -2,610* -2,600 0,678 1,900 0,144 0,344 3,760** -2,550 -1,580 1,380 -2,030 
DvLOlb 0,531 -1,720 -2,780 0,083 1,020 -0,361 0,169 3,940** -2,860 -2,100 2,010 -2,550 
DeSMBm 2,390 -1,210 -2,450 -0,906 1,420 -0,440 -1,620 1,120 -0,295 -2,530 -1,680** -0,571 
DeWMLm 0,208 -0,688 -1,950 -3,450 2,000 0,483 -1,220 0,384 -0,794 -1,950 0,577 -0,197 
DeWMLsm 0,209 -0,420 -1,740 -2,590 1,500 0,667 -1,310 0,297 -0,577 -1,580 1,170 0,261 
DeWMLlm 0,190 -0,961 -2,180 -4,330 2,480 0,289 -1,150 0,465 -1,020 -2,330* -0,025 -0,659 
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DeLOsm 3,200** 0,366 0,150 1,710 0,328 -0,091 1,140 -0,130 0,896 -1,150 0,040 0,867 
DeLOlm 1,460 0,449 0,212 0,520 0,650 -0,041 0,944 -0,445 -0,045 -1,060 0,491 0,179 
DvSMBm 1,240 -0,882 -1,940 -0,853 1,400 -0,144 -2,490 0,790 -0,591 -2,920** -1,140 -0,269 
DvWMLm 0,408 -0,588 -2,100 -3,990 2,230 0,361 -0,993 0,484 -0,816 -2,260* 0,182 -0,348 
DvWMLsm 0,692 -0,662 -2,060 -3,670 1,820 0,161 -0,706 0,622 -0,731 -2,070 0,433 -0,234 
DvWMLlm 0,112 -0,517 -2,150 -4,330 2,630 0,556 -1,280 0,341 -0,905 -2,460* -0,072 -0,465 
DvLOsm 1,630 0,217 0,254 1,120 0,593 0,134 0,839 -0,456 0,382 -1,550* 0,370 0,815 
DvLOlm 1,010 0,313 -0,101 0,298 0,760* 0,109 1,370 -0,643 -0,043 -0,786 0,544 0,049 
EeSMBb 1,560 -0,784 -4,650* -0,307 1,860 0,446 -1,420 1,250 -0,022 -3,020 1,050 -0,908 
EeHMLb 1,200 -1,140 -3,420 0,640 1,860 0,462 0,150 1,740 0,211 -1,880 1,440 -0,330 
EeHMLsb 0,833 -1,250 -3,360 1,290 2,490 0,878 0,475 2,410* 0,666 -1,560 1,920* -0,179 
EeHMLlb 1,560 -1,040 -3,480* -0,029 1,210 0,038 -0,190 1,060 -0,259 -2,210 0,959 -0,490 
EeLOsb 2,580 -0,406 -1,180 4,030*** 1,320 0,456 1,390 -0,229 1,800* -0,918 0,447 1,370 
EeLOlb 2,020 -0,188 -0,352 3,050*** 0,629 -0,149 1,490 -0,715 0,736 -1,370 0,195 0,993 
EvSMBb 0,712 0,060 -4,280* -0,269 2,390 -0,273 -2,140 1,400 -0,386 -3,980** 0,903 -0,563 
EvHMLb 1,170 -1,000 -3,570* -0,100 1,110 -0,073 -0,077 1,410 -0,246 -2,490 0,886 0,071 
EvHMLsb 1,280 -0,724 -3,560 -0,475 1,730 1,040 0,285 2,000 0,146 -2,440 1,710* 0,068 
EvHMLlb 1,030 -1,280 -3,600* 0,240 0,465 -1,210 -0,458 0,823 -0,654 -2,540 0,049 0,067 
EvLOsb 1,740 0,386 -0,791 2,910*** 0,738 0,074 1,130 -0,471 0,688 -1,300 0,254 1,490* 
EvLOlb 1,510 -0,717 -0,614 2,920*** -0,482 -0,517 1,720 -0,808 0,042 -0,630 -0,169 1,020 
EeSMBm 1,750 -1,020 -4,560* 0,409 1,990 0,580 -0,847 1,520 0,246 -2,470 1,140 -0,739 
EeWMLm 0,796 -0,938 -3,640 -1,220 1,250 1,360 0,198 2,570* -0,491 -2,530 2,260* -0,437 
EeWMLsm 0,935 -1,110 -3,760 -1,250 0,513 1,380 0,368 2,490* -0,256 -2,230 2,170* -0,249 
EeWMLlm 0,647 -0,768 -3,540 -1,200 1,970 1,330 0,019 2,640* -0,728 -2,830 2,34* -0,630 
EeLOsm 2,890 -0,556 -1,110 3,380** 0,560 0,839 1,950 -0,080 1,680* -0,643 0,617 1,410 
EeLOlm 1,730 0,096 -0,105 2,400** 1,070 0,490 1,590 0,015 0,621 -1,740 0,791 1,030 
EvSMBm 0,914 -0,128 -3,960 -0,004 2,340 -0,274 -1,690 1,570 -0,321 -3,690** 0,856 -0,442 
EvWMLm 0,638 -0,238 -3,290 -1,460 2,380 1,190 -0,109 2,340 0,004 -2,950 2,710*** -0,651 
EvWMLsm 1,060 -0,340 -3,080 -1,850 2,170 1,010 0,435 2,380 0,117 -2,570 2,840** -0,469 
EvWMLlm 0,196 -0,144 -3,500 -1,080 2,580 1,360 -0,668 2,290 -0,118 -3,340 2,580*** -0,841 
EvLOsm 1,680 0,411 -0,231 2,420** 0,968 -0,160 1,430 -0,193 0,847 -1,140 0,773 1,310 
EvLOlm 1,260 0,118 -0,272 2,300* 0,727 0,498 1,630 -0,294 0,583 -1,050 1,070 0,628 
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Appendix 12: Sub-sample Welch t-test results with Newey-West standard errors (SE1 & SE2) 
over the period 1990-2007. Mean excess returns (Summer & Winter) are calculated excess to 
market index. Significantly different half-year periods are bolded and denoted with *, ** and 
*** indicating significance in 1%, 5% and 10% levels. Positive T-stat. indicates the winter-
period mean return to have been higher than the corresponding summer-period mean return. 

Rt-Rm  Summer Winter SE1 SE2 T-stat. P-value 
DM index 0,0989 % 1,1000 % 0,0038 0,0037 1,8799 0,0616* 
EM index -0,1330 % 1,9000 % 0,0065 0,0060 2,3072 0,0221** 
DeSMBb -0,1200 % -0,5660 % 0,0049 0,0045 -0,6668 0,5056 
DeHMLb 0,4300 % -0,1860 % 0,0052 0,0054 -0,8201 0,4131 
DeHMLsb 0,9270 % -0,0464 % 0,0053 0,0054 -1,2853 0,2001 
DeHMLlb -0,0739 % -0,3360 % 0,0051 0,0056 -0,3438 0,7313 
DeLOsb 0,7630 % 1,3600 % 0,0037 0,0036 1,1629 0,2463 
DeLOlb 0,1960 % 0,6730 % 0,0028 0,0034 1,0746 0,2839 
DvSMBb 0,3100 % -1,4700 % 0,0049 0,0038 -2,8939 0,0042*** 
DvHMLb 0,7310 % -0,8370 % 0,0050 0,0045 -2,3411 0,0202** 
DvHMLsb 0,9830 % -0,6790 % 0,0052 0,0049 -2,3125 0,0218** 
DvHMLlb 0,4680 % -1,0100 % 0,0049 0,0043 -2,2545 0,0253** 
DvLOsb 1,7900 % -0,6900 % 0,0057 0,0048 -3,3059 0,0011*** 
DvLOlb 0,9670 % -0,4240 % 0,0057 0,0054 -1,7814 0,0763* 
DeSMBm 0,2330 % -0,3000 % 0,0051 0,0045 -0,7812 0,4356 
DeWMLm 1,0200 % -0,4890 % 0,0058 0,0054 -1,9145 0,0569* 
DeWMLsm 1,1600 % -0,1030 % 0,0054 0,0050 -1,7141 0,0881* 
DeWMLlm 0,8770 % -0,8940 % 0,0062 0,0061 -2,0410 0,0425** 
DeLOsm 1,1600 % 1,6500 % 0,0043 0,0042 0,8143 0,4164 
DeLOlm 0,6250 % 0,4840 % 0,0036 0,0038 -0,2701 0,7873 
DvSMBm -0,1510 % -0,6270 % 0,0050 0,0043 -0,7231 0,4705 
DvWMLm 0,9120 % -0,5760 % 0,0058 0,0059 -1,8016 0,0731* 
DvWMLsm 1,2200 % -0,3290 % 0,0058 0,0056 -1,9163 0,0567* 
DvWMLlm 0,5920 % -0,8450 % 0,0061 0,0065 -1,6236 0,1060 
DvLOsm 0,8930 % 0,9040 % 0,0042 0,0041 0,0188 0,9850 
DvLOlm 0,5980 % 0,2530 % 0,0036 0,0038 -0,6645 0,5071 
EeSMBb 0,4460 % -1,2800 % 0,0077 0,0071 -1,6569 0,0991* 
EeHMLb 0,9540 % -0,6340 % 0,0073 0,0064 -1,6373 0,1031 
EeHMLsb 1,0800 % -0,4780 % 0,0080 0,0075 -1,4198 0,1572 
EeHMLlb 0,7960 % -0,8500 % 0,0069 0,0061 -1,7861 0,0755* 
EeLOsb 1,2800 % 1,4500 % 0,0045 0,0053 0,2445 0,8071 
EeLOlb 0,5130 % 0,7370 % 0,0041 0,0053 0,3351 0,7379 
EvSMBb -0,4030 % -1,5500 % 0,0083 0,0070 -1,0625 0,2893 
EvHMLb 0,7140 % -0,7220 % 0,0072 0,0060 -1,5280 0,1281 
EvHMLsb 1,1200 % -0,5780 % 0,0076 0,0064 -1,7092 0,088* 
EvHMLlb 0,2690 % -0,9060 % 0,0073 0,0064 -1,2156 0,2256 
EvLOsb 0,5620 % 0,9830 % 0,0045 0,0047 0,6505 0,5161 
EvLOlb 0,4050 % 0,5250 % 0,0037 0,0040 0,2213 0,8251 
EeSMBm 0,8980 % -0,9810 % 0,0079 0,0073 -1,7471 0,0821* 
EeWMLm 0,5610 % -1,5700 % 0,0081 0,0076 -1,9309 0,0549* 
EeWMLsm 0,4690 % -1,8700 % 0,0087 0,0081 -1,9595 0,0514* 
EeWMLlm 0,6130 % -1,3100 % 0,0078 0,0075 -1,7782 0,0768* 
EeLOsm 1,2800 % 0,9120 % 0,0061 0,0055 -0,4490 0,6539 
EeLOlm 0,3570 % 0,4460 % 0,0043 0,0043 0,1467 0,8835 
EvSMBm 0,0114 % -1,3300 % 0,0083 0,0070 -1,2366 0,2177 
EvWMLm 1,3500 % -1,3300 % 0,0073 0,0068 -2,6955 0,0076*** 
EvWMLsm 1,8300 % -1,6000 % 0,0078 0,0073 -3,2124 0,0015*** 
EvWMLlm 0,8370 % -1,1300 % 0,0072 0,0070 -1,9575 0,0516* 
EvLOsm 1,2200 % 0,4050 % 0,0053 0,0048 -1,1354 0,2576 
EvLOlm 0,5490 % 0,3400 % 0,0036 0,0038 -0,3998 0,6897 
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Appendix 13: Sub-sample Welch t-test results with Newey-West standard errors (SE1 & SE2) 
over the period 2008-2019. Mean excess returns (Summer & Winter) are calculated excess to 
market index. Significantly different half-year periods are bolded and denoted with *, ** and 
*** indicating significance in 1%, 5% and 10% levels. Positive T-stat. indicates the winter-
period mean return to have been higher than the corresponding summer-period mean return. 

Rt-Rm  Summer Winter SE1 SE2 T-stat. P-value 
DM index 0,0007 % 0,4820 % 0,0055 0,0068 0,5540 0,5802 
EM index -0,7830 % 0,5100 % 0,0077 0,0082 1,1459 0,2532 
DeSMBb 0,1310 % -0,8370 % 0,0066 0,0073 -0,9822 0,3272 
DeHMLb 0,1580 % -0,5640 % 0,0064 0,0061 -0,8172 0,4148 
DeHMLsb 0,5280 % -0,3140 % 0,0069 0,0067 -0,8800 0,3799 
DeHMLlb -0,2230 % -0,8230 % 0,0061 0,0057 -0,7217 0,4713 
DeLOsb 0,0197 % 0,8600 % 0,0046 0,0051 1,2301 0,2201 
DeLOlb -0,3990 % 0,6380 % 0,0042 0,0042 1,7605 0,0798* 
DvSMBb 0,3570 % -1,1000 % 0,0064 0,0064 -1,6048 0,1101 
DvHMLb -0,3150 % -0,7010 % 0,0063 0,0067 -0,4213 0,6740 
DvHMLsb -0,1460 % -0,4290 % 0,0065 0,0068 -0,2997 0,7647 
DvHMLlb -0,4980 % -0,9870 % 0,0063 0,0068 -0,5279 0,5982 
DvLOsb 0,8200 % -0,7080 % 0,0079 0,0078 -1,3773 0,1700 
DvLOlb 0,3860 % -0,6400 % 0,0082 0,0082 -0,8805 0,3797 
DeSMBm 0,2270 % -0,6690 % 0,0067 0,0072 -0,9131 0,3623 
DeWMLm 0,6250 % -0,7130 % 0,0077 0,0091 -1,1254 0,2618 
DeWMLsm 0,6900 % -0,3090 % 0,0077 0,0088 -0,8570 0,3925 
DeWMLlm 0,5470 % -1,1300 % 0,0080 0,0095 -1,3580 0,1760 
DeLOsm 0,1170 % 0,9540 % 0,0044 0,0053 1,2128 0,2266 
DeLOlm -0,0303 % 0,5120 % 0,0041 0,0046 0,8806 0,3796 
DvSMBm -0,0191 % -0,5240 % 0,0062 0,0066 -0,5585 0,5771 
DvWMLm 0,6150 % -0,8930 % 0,0079 0,0094 -1,2262 0,2216 
DvWMLsm 0,6270 % -0,7270 % 0,0078 0,0093 -1,1153 0,2661 
DvWMLlm 0,5970 % -1,0700 % 0,0082 0,0096 -1,3221 0,1877 
DvLOsm -0,0459 % 0,6570 % 0,0043 0,0048 1,0902 0,2770 
DvLOlm 0,1280 % 0,2890 % 0,0038 0,0046 0,2696 0,7877 
EeSMBb 0,8740 % -0,7160 % 0,0091 0,0085 -1,2768 0,2031 
EeHMLb 1,4300 % -0,1310 % 0,0084 0,0075 -1,3855 0,1674 
EeHMLsb 1,9400 % 0,0682 % 0,0090 0,0078 -1,5738 0,1171 
EeHMLlb 0,9210 % -0,3420 % 0,0079 0,0074 -1,1639 0,2459 
EeLOsb 0,7010 % 0,9930 % 0,0053 0,0058 0,3720 0,7103 
EeLOlb 0,0689 % 0,8760 % 0,0046 0,0050 1,1939 0,2339 
EvSMBb 0,4810 % -0,5950 % 0,0090 0,0083 -0,8824 0,3786 
EvHMLb 0,9020 % -0,2940 % 0,0080 0,0075 -1,0920 0,2761 
EvHMLsb 1,5000 % -0,0556 % 0,0087 0,0077 -1,3385 0,1823 
EvHMLlb 0,2860 % -0,5510 % 0,0076 0,0075 -0,7844 0,4337 
EvLOsb 0,1160 % 0,8860 % 0,0046 0,0051 1,1202 0,2640 
EvLOlb -0,2730 % 0,5270 % 0,0046 0,0052 1,1580 0,2483 
EeSMBm 1,2200 % -0,5340 % 0,0092 0,0084 -1,4128 0,1592 
EeWMLm 1,4800 % -0,5010 % 0,0101 0,0101 -1,3869 0,1670 
EeWMLsm 1,5300 % -0,4940 % 0,0102 0,0100 -1,4169 0,1580 
EeWMLlm 1,4100 % -0,5160 % 0,0100 0,0103 -1,3416 0,1812 
EeLOsm 0,8030 % 0,8850 % 0,0049 0,0063 0,1030 0,9181 
EeLOlm 0,2710 % 0,8470 % 0,0046 0,0054 0,8135 0,4169 
EvSMBm 0,6240 % -0,4700 % 0,0088 0,0080 -0,9200 0,3587 
EvWMLm 1,5100 % -0,4060 % 0,0098 0,0098 -1,3796 0,1692 
EvWMLsm 1,7000 % -0,3530 % 0,0100 0,0097 -1,4737 0,1421 
EvWMLlm 1,3100 % -0,4720 % 0,0099 0,0101 -1,2619 0,2084 
EvLOsm 0,2900 % 0,8230 % 0,0045 0,0053 0,7653 0,4450 
EvLOlm 0,2520 % 0,7420 % 0,0044 0,0053 0,7130 0,4767 
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Appendix 14: Sub-sample Welch t-test results with Newey-West standard errors (SE1 & SE2) 
over the period 1990-2007. Mean excess returns (QE & Other) are calculated excess to market 
index. Significant differences are bolded and denoted with *, ** and *** indicating significance 
in 1%, 5% and 10% levels. Positive T-stat. indicates the QE-return to have been higher than the 
corresponding mean return of other months. 

 Rt-Rm QE Other SE1 SE2 T-stat. P-value 
DM index 0,6370 % 0,6250 % 0,0041 0,0035 0,0224 0,9822 
EM index 0,4050 % 1,1700 % 0,0082 0,0053 -0,7811 0,4362 
DeSMBb -0,4780 % -0,3060 % 0,0054 0,0042 -0,2508 0,8023 
DeHMLb 0,5630 % -0,1350 % 0,0061 0,0048 0,9019 0,3686 
DeHMLsb 0,9850 % 0,1270 % 0,0063 0,0048 1,0866 0,2790 
DeHMLlb 0,1340 % -0,4050 % 0,0061 0,0049 0,6933 0,4892 
DeLOsb 0,9080 % 1,1400 % 0,0038 0,0034 -0,4569 0,6483 
DeLOlb 0,5140 % 0,3870 % 0,0035 0,0029 0,2794 0,7803 
DvSMBb 0,0718 % -0,9240 % 0,0055 0,0038 1,4878 0,1392 
DvHMLb 0,1450 % -0,1900 % 0,0068 0,0038 0,4305 0,6677 
DvHMLsb 0,2710 % 0,0471 % 0,0073 0,0041 0,2685 0,7888 
DvHMLlb 0,0047 % -0,4400 % 0,0066 0,0038 0,5865 0,5587 
DvLOsb 0,8610 % 0,3800 % 0,0070 0,0046 0,5722 0,5682 
DvLOlb 0,2640 % 0,2440 % 0,0070 0,0048 0,0236 0,9812 
DeSMBm -0,1040 % -0,0295 % 0,0056 0,0043 -0,1054 0,9162 
DeWMLm 1,6600 % -0,4800 % 0,0062 0,0050 2,6831 0,0081*** 
DeWMLsm 1,8700 % -0,1900 % 0,0056 0,0047 2,8059 0,0056*** 
DeWMLlm 1,4400 % -0,7860 % 0,0071 0,0054 2,4887 0,0139** 
DeLOsm 1,7200 % 1,2400 % 0,0039 0,0041 0,8494 0,3968 
DeLOlm 1,3200 % 0,1560 % 0,0037 0,0034 2,3100 0,0221** 
DvSMBm -0,1480 % -0,5430 % 0,0055 0,0041 0,5746 0,5665 
DvWMLm 1,5300 % -0,5690 % 0,0065 0,0052 2,5140 0,0129** 
DvWMLsm 1,7900 % -0,2760 % 0,0064 0,0051 2,5289 0,0124** 
DvWMLlm 1,2600 % -0,8830 % 0,0070 0,0056 2,3956 0,0178** 
DvLOsm 1,6200 % 0,5260 % 0,0040 0,0039 1,9580 0,0518* 
DvLOlm 1,1700 % 0,0297 % 0,0037 0,0034 2,2693 0,0245** 
EeSMBb -0,7880 % -0,2910 % 0,0090 0,0065 -0,4483 0,6547 
EeHMLb 0,0426 % 0,1510 % 0,0082 0,0061 -0,1061 0,9156 
EeHMLsb 0,4990 % 0,1120 % 0,0088 0,0070 0,3441 0,7312 
EeHMLlb -0,4480 % 0,1410 % 0,0082 0,0057 -0,5931 0,5541 
EeLOsb 0,6560 % 1,6400 % 0,0053 0,0044 -1,4243 0,1564 
EeLOlb -0,2990 % 1,0500 % 0,0052 0,0043 -2,0141 0,0457** 
EvSMBb -1,3600 % -0,8300 % 0,0089 0,0068 -0,4722 0,6375 
EvHMLb -0,2720 % 0,0816 % 0,0080 0,0059 -0,3560 0,7224 
EvHMLsb -0,0129 % 0,3590 % 0,0080 0,0064 -0,3642 0,7162 
EvHMLlb -0,5700 % -0,2360 % 0,0087 0,0058 -0,3177 0,7512 
EvLOsb 0,0921 % 1,0700 % 0,0047 0,0042 -1,5522 0,1225 
EvLOlb -0,0284 % 0,6770 % 0,0045 0,0034 -1,2578 0,2105 
EeSMBm -0,7120 % 0,1960 % 0,0094 0,0066 -0,7889 0,4316 
EeWMLm -0,3150 % -0,6350 % 0,0089 0,0071 0,2808 0,7792 
EeWMLsm -0,6940 % -0,7360 % 0,0099 0,0076 0,0337 0,9732 
EeWMLlm 0,0338 % -0,5780 % 0,0084 0,0071 0,5591 0,5769 
EeLOsm 0,0104 % 1,5600 % 0,0063 0,0052 -1,8988 0,0594* 
EeLOlm -0,0379 % 0,5820 % 0,0042 0,0040 -1,0690 0,2865 
EvSMBm -1,2200 % -0,4280 % 0,0092 0,0068 -0,6947 0,4884 
EvWMLm -0,1410 % 0,0481 % 0,0085 0,0063 -0,1788 0,8583 
EvWMLsm -0,1020 % 0,1890 % 0,0089 0,0069 -0,2578 0,7969 
EvWMLlm -0,2170 % -0,1440 % 0,0087 0,0063 -0,0681 0,9458 
EvLOsm 0,0313 % 1,1700 % 0,0053 0,0047 -1,6124 0,1088 
EvLOlm 0,1190 % 0,5770 % 0,0036 0,0035 -0,9161 0,3609 
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Appendix 15: Sub-sample Welch t-test results with Newey-West standard errors (SE1 & SE2) 
over the period 2008-2019. Mean excess returns (QE & Other) are calculated excess to market 
index. Significant differences are bolded and denoted with *, ** and *** indicating significance 
in 1%, 5% and 10% levels. Positive T-stat. indicates the QE-return to have been higher than the 
corresponding mean return of other months. 

 Rt-Rm QE Other SE1 SE2 T-stat. P-value 
DM index -0,5580 % 0,6410 % 0,0072 0,0054 -1,3293 0,1859 
EM index -1,4800 % 0,5370 % 0,0081 0,0074 -1,8369 0,0678* 
DeSMBb -0,8790 % -0,0896 % 0,0079 0,0063 -0,7844 0,4340 
DeHMLb -0,5860 % -0,0113 % 0,0073 0,0056 -0,6294 0,5301 
DeHMLsb -0,4770 % 0,3990 % 0,0082 0,0059 -0,8693 0,3862 
DeHMLlb -0,7070 % -0,4310 % 0,0066 0,0053 -0,3265 0,7445 
DeLOsb 0,0324 % 0,6430 % 0,0054 0,0044 -0,8792 0,3807 
DeLOlb -0,1940 % 0,2770 % 0,0048 0,0038 -0,7732 0,4406 
DvSMBb -0,9490 % -0,0801 % 0,0077 0,0057 -0,9092 0,3648 
DvHMLb -1,7300 % 0,1050 % 0,0073 0,0057 -1,9810 0,0494** 
DvHMLsb -1,2900 % 0,2160 % 0,0072 0,0060 -1,6036 0,1108 
DvHMLlb -2,1900 % -0,0208 % 0,0076 0,0057 -2,2843 0,0238** 
DvLOsb -1,5500 % 0,8580 % 0,0102 0,0065 -1,9936 0,0484** 
DvLOlb -1,9800 % 0,8000 % 0,0105 0,0068 -2,2194 0,0282** 
DeSMBm -0,6920 % 0,0144 % 0,0079 0,0062 -0,7043 0,4823 
DeWMLm -0,2280 % 0,0478 % 0,0096 0,0076 -0,2259 0,8216 
DeWMLsm 0,0709 % 0,2510 % 0,0091 0,0075 -0,1525 0,8790 
DeWMLlm -0,5360 % -0,1660 % 0,0102 0,0078 -0,2881 0,7736 
DeLOsm 0,2710 % 0,6690 % 0,0062 0,0042 -0,5348 0,5937 
DeLOlm -0,1360 % 0,4290 % 0,0061 0,0035 -0,8085 0,4205 
DvSMBm -0,4600 % -0,1770 % 0,0072 0,0057 -0,3063 0,7598 
DvWMLm -0,3620 % -0,0270 % 0,0098 0,0079 -0,2663 0,7903 
DvWMLsm -0,3390 % 0,0938 % 0,0096 0,0078 -0,3502 0,7267 
DvWMLlm -0,3910 % -0,1560 % 0,0101 0,0081 -0,1820 0,8559 
DvLOsm 0,2250 % 0,3460 % 0,0062 0,0038 -0,1676 0,8672 
DvLOlm -0,2160 % 0,4210 % 0,0059 0,0033 -0,9384 0,3501 
EeSMBb -0,9720 % 0,6050 % 0,0119 0,0072 -1,1334 0,2593 
EeHMLb -0,3980 % 1,1800 % 0,0103 0,0067 -1,2837 0,2016 
EeHMLsb -0,0652 % 1,5400 % 0,0109 0,0071 -1,2340 0,2195 
EeHMLlb -0,7410 % 0,8050 % 0,0099 0,0065 -1,3115 0,1920 
EeLOsb 0,3400 % 1,1000 % 0,0060 0,0050 -0,9661 0,3355 
EeLOlb -0,0081 % 0,7130 % 0,0048 0,0045 -1,0970 0,2742 
EvSMBb -1,0900 % 0,4590 % 0,0112 0,0072 -1,1634 0,2469 
EvHMLb -0,6070 % 0,7600 % 0,0100 0,0065 -1,1456 0,2541 
EvHMLsb -0,1380 % 1,1500 % 0,0107 0,0069 -1,0108 0,3141 
EvHMLlb -1,1000 % 0,3490 % 0,0096 0,0064 -1,2553 0,2117 
EvLOsb 0,0537 % 0,7250 % 0,0054 0,0044 -0,9614 0,3379 
EvLOlb -0,4030 % 0,3920 % 0,0056 0,0044 -1,1217 0,2638 
EeSMBm -0,7730 % 0,9010 % 0,0117 0,0073 -1,2162 0,2263 
EeWMLm -0,5920 % 1,0300 % 0,0124 0,0087 -1,0700 0,2865 
EeWMLsm -0,4810 % 1,0200 % 0,0123 0,0088 -0,9913 0,3233 
EeWMLlm -0,7100 % 1,0300 % 0,0127 0,0087 -1,1295 0,2607 
EeLOsm 0,2940 % 1,1200 % 0,0064 0,0050 -1,0145 0,3120 
EeLOlm 0,0655 % 0,8060 % 0,0056 0,0045 -1,0345 0,3025 
EvSMBm -0,9320 % 0,5810 % 0,0109 0,0070 -1,1670 0,2454 
EvWMLm -0,4960 % 1,0800 % 0,0124 0,0084 -1,0519 0,2948 
EvWMLsm -0,3780 % 1,2000 % 0,0126 0,0084 -1,0428 0,2990 
EvWMLlm -0,6230 % 0,9370 % 0,0123 0,0086 -1,0378 0,3012 
EvLOsm 0,0088 % 0,8310 % 0,0058 0,0043 -1,1387 0,2567 
EvLOlm -0,0746 % 0,7830 % 0,0058 0,0042 -1,1910 0,2357 

 


