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ABSTRACT 

This study aims to understand what the actual impact of the momentum anomaly on the 

financial markets. Based on the profitability of sixteen momentum strategies for the German 

market, it appears that strategies with short formation and holding periods produce attractive 

returns for the investors. However, it is shown that a considerable amount of the results of 

these strategies is justified by the systematic risk. It also studied the relationship between 

firm’s size and results of momentum strategies. According to this study, the momentum is 

stronger in firms with low market value, but the returns of their strategies are smaller for this 

group of firms. Finally, it analyzed the ability of the momentum to explain the variation in 

stock returns. The results show that the inclusion of the momentum variable in asset pricing 

models does not increase their efficiency.  
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1. INTRODUCTION  

The Efficient Market Hypothesis (EMH) has been one of the dominant themes of the financial 

literature in recent decades. According to Fama (1970), in an efficient market, all available 

information is reflected fully and instantly in the asset prices. Therefore, the price is 

considered an impartial estimate of the real value of an investment at a given time. However, 

several empirical studies have tested this hypothesis, documenting the existence and 

consistency of anomalies that cast many doubts about its reliability. Among these anomalies 

is the relationship between the returns of stocks and its past performance, known in the 

literature by momentum.  

The first authors to document the existence of momentum were Jegadeesh and Titman (1993). 

Defining the momentum as the trend for the stock price following their recent performances, 

the authors adopted a set of strategies for the North American market between 1965 and 1989, 

showing that, over a time period of 3 to 12 months, stocks with best past performances 

continue to achieve higher returns than stocks with a worse performance in the same time 

period.  

The returns obtained by the momentum strategies of Jegadeesh and Titman (1993) suggest the 

inefficiency of the financial markets, as they provide investors the opportunity to obtain 

profits based on historical information. However, this conclusion is not consensual, since 

there are authors who consider that the high returns obtained by these strategies are a result of 

their exposure to the systematic risk.  

Despite the opposition against EMH, Jegadeesh and Titman (2001) recognize that the results 

of their momentum strategies may vary depending on the size of the firms. According to the 

authors, the strategies focus mainly on small-cap firms, since their returns are more volatile. 

Similarly, Fama and French (2008) show that the momentum is more significant in small-cap 

firms, but also recognize its presence in big-cap firms. 

Considered by many researchers as an explanatory factor of the variations in stock returns, the 

momentum has been added to the asset pricing models in order to achieve a greater efficiency. 

Even though it is not consensual, some results point to an explanatory improvement of the 

models that include the momentum variable. However, recent studies point to the continuous 

disappearance of this anomaly during the past decade, calling into question the current 

profitability of its strategies, as well as their inclusion in asset pricing models. 
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This study aims to make a detailed analysis of the momentum anomaly in four key stages. In 

the first phase, it is intended to find out the results obtained by investors who currently adopt 

momentum strategies. Thus, the profitability of the momentum strategies documented by 

Jegadeesh and Titman (1993) will be calculated during a current time period. The second 

phase of the study aims to understand if the results obtained by the momentum strategies are a 

market inefficiency or if they can be justified based on the systematic risk. Thus, the returns 

obtained by the momentum strategies will be adjusted by the three-factor model of Fama and 

French (1993). The third phase of this study aims to analyse the relationship between the 

results of the momentum strategies and firms size. To this end, a sort analysis of the 

momentum anomaly will be performed, and then, the best-performing strategies will be 

recalculated into three categories of size. In the fourth phase, the aim is to analyse the 

explanatory capability of momentum as a risk factor for the variations in stocks returns. Thus, 

firstly, it will be applied the three-factor model of Fama and French (1993) to the market and, 

subsequently, it will be added the momentum variable to the model.  

The remainder of this paper is organized as follows: in chapter 2, a literature review shall be 

carried out and the research hypotheses shall be determined; in chapter 3, the data and 

methodology used in the study will be presented; in chapter 4, the results obtained by the 

momentum strategies will be analysed; in chapter 5, a relation between firms size with the 

momentum and its strategies will be made; in chapter 6, the explanatory capability of the 

models of Fama and French (1993) and Fama and French (2012) will be tested; Finally, in 

Chapter 6, the conclusions of the study shall be set out. 

 

2. LITERATURE REVIEW AND RESEARCH HYPOTHESES 

This chapter is intended for the literature review about the momentum anomaly, particularly, 

the profitability of its strategies and causes, of its relationship with the firms size, and as an 

explanatory factor of the variations in stock returns. In this way, the literature review is 

divided into four key points: point 2.1 momentum strategies; point 2.2 reasons for the profits 

of momentum strategies; point 2.3 momentum strategies and firms size; point 2.4 financial 

asset pricing models. Finally, at the end of each point, a research hypothesis is proposed, 

which aims to respond to the objectives outlined in each phase of the study, having as support 

the reasoning exposed in the literature.  
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2.1 Momentum Strategies  

The momentum strategies are based on the belief that, in the short-term, significant increases 

in the assets' price will be followed by additional gains, as well as, significant losses in the 

assets price will be followed by additional losses. The authors Jegadeesh and Titman (1993) 

analysed the profitability of sixteen momentum strategies for the North American market 

between 1965 and 1989. Their results suggest that strategies that pick long positions in stocks 

with high returns over the last 3 to 12 months (winners) and short positions in stocks with low 

returns over the same period (losers), obtain profits of approximately 1% per month during 

the following year.  

According to EMH Fama (1970), the profitability of momentum strategies should cease to 

exist, because after an anomaly is disclosed, then, it will be eliminated from the market by the 

investors’ behaviour. Contrary to EMH, Jegadeesh and Titman (2002) extend the sample 

period and confirm the continuation of the profits of momentum strategies for the period from 

1990 to 1998. Along the same lines, Grundy and Martin (2001) extend the sample period of 

Jegadeesh and Titman (1993), documenting that the profits of the momentum are stable in 

sub-periods between 1926 and 1995. Similar results were found by other authors in different 

countries. Rouwenhorst (1998) studied the profitability of the momentum strategies in 12 

European markets during the period of 1978 to 1995. His results show that a diversified 

international portfolio, which invests in medium-term winners stocks and sells medium-term 

losers stocks, present earnings of about 1% per month. The authors Hart et al. (2003) prove, 

for the period from 1985 to 1999, that momentum strategies are equally successful in 32 

emerging markets. Wang (2008) analyzed the behaviour of momentum strategies in four 

financial markets (United Kingdom, Germany, Japan and China), between 1995 and 2006, 

obtaining similar results to those of Jegadeesh and Titman (1993).  

On the other hand, studies recently conducted argue that the results of momentum strategies 

are insignificant during the last decade, pointing out the continuous disappearance of the 

anomaly (Daniel & Moskowitz 2014; Hwang & Rubesam 2015). In the same sense, Pinto 

(2014) applied the 6months/6months momentum strategy in the United Kingdom between 

1997 and 2013. Through an analysis divided in two time points, concluded that the 

profitability of this strategy is meaningful only until 2008, around the time of the financial 

crisis, starting to be negative after that date. From another point of view, Cremers and Pareek 

(2015) argue a more detailed analysis of these strategies, claiming differences between their 

profitability. According to the authors, the momentum strategies are more profitable in shorter 
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periods of holding, becoming insignificant in long periods. Finally, Grobys (2016) studied the 

profitability of three momentum strategies for the German market between 2000 and 2014. 

Their results point to the continuity of profits in the post-crisis period.   

That said, it is necessary to do a more complete and updated analysis of the momentum 

strategies, in order to understand what their current results are to investors. Giving rise to the 

following research hypothesis: 

H1: The momentum strategies of Jegadeesh and Titman (1993) continue to generate 

significant results for investors, in the analysis period between 1999 and 2014. 

 

2.2 Reasons of the profits of the Momentum Strategies 

The momentum strategies are a current challenge for the theory of efficient markets, to the 

extent that they provide abnormal profitability, which are not justified by the markets. While 

some authors argue that the results of these strategies provide strong evidence of 

inefficiencies in the markets, others claimed that the profits of these strategies are a 

compensation for their systematic risk. 

The authors Jegadeesh and Titman (1993) show that the profits of their momentum strategies 

cannot be explained by the market risk, using as reference the Capital Asset Pricing Model 

(CAPM). On the other hand, Fama and French (1996) believe that the profits obtained by the 

momentum strategies are a compensation for their risk, and it is necessary to resort to more 

comprehensive models. In the same sense, Conrad and Kaul (1998) consider that variations in 

stock prices, in response to new information, are unpredictable. Thus, the authors argue that 

the profits of momentum strategies are a result of cross-section variations in the returns, 

rejecting any prediction based on time-series variations. As a response to these arguments, 

Jegadeesh and Titman (2002) use the three-factor model of Fama and French (1993) for the 

adjustment of the profitability of momentum strategies by the systematic risk. Their results 

indicate that the momentum profits persist after the adjustment.  

Given the difficulty of explaining the momentum profits based on the risk, some researchers 

sought to find arguments in behavioural models. In the literature, the models of Barberis et al 

(1998) and Daniel et al. (1998) stand out, that try to explain momentum profits based on the 

investors' psychological characteristics and the model of Hong and Stein (1999), which 

assigns momentum profits to the fact that investors use different types of information in their 

investments. In an analysis on the reasons of the profits of their strategies, Jegadeesh and 
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Titman (2001) consider the underreaction of the prices to new information as a natural 

explanation for the profits. Consistent with this hypothesis, Hong et al. (2000), verify that the 

good performance of a winner portfolio will continue until all the information is incorporated 

into the prices.  

The study conducted by Wang (2008) confirms the results obtained by Jegadeesh and Titman 

(2002). Using the three-factor model of Fama and French (1993) for the adjustment by the 

systematic risk, the author proves that the results of momentum strategies are not a 

compensation for their risk. However, the recent study of Pinto (2014) presents opposite 

results, showing that the earnings of the momentum strategies can be justified by the risk 

factors of the three-factor model of Fama and French (1993).  

In short, the results of the studies are not consensual on the reasons that make momentum 

strategies profitable, therefore it is important to understand if there are other factors beyond 

past returns, which should be considered when adopting these strategies. Thus, it is proposed 

the following research hypothesis: 

H2: The profitability of the momentum strategies of Jegadeesh and Titman (1993) are not 

justified by its systematic risk, being made the adjustment of the returns by the three-factor 

model of Fama and French (1993). 

 

2.3 Momentum Strategies and Firms Size 

Many researchers have documented the existence of a relationship between the results 

obtained by the momentum strategies and the firm’s size. In his studies about momentum 

strategies, (Jegadeesh & Titman 1993, 2001) note that the size of the winners and losers firms 

tend to be smaller than the average size of the remaining firms of the sample. In the authors’ 

opinion, small-cap firms are more likely to be in the extreme deciles of the portfolios, since 

they have a more volatile profitability. In the same sense, Rouwenhorst (1998) shows a 

negative correlation between the returns of stocks and their size, that is, small-cap firms have 

a higher return. Inspired by these findings, Hong et al. (2000) note that the profitability of 

momentum strategies tend to decrease significantly with the increase of firms size.  

The authors Fama and French (2008) studied the momentum anomaly through sorts analysis 

and cross-section regressions. Their results show that the anomaly is present in firms of all 

sizes, but it is more relevant in small-cap firms. In a study on the characteristics of winners 

and losers stocks, Magalhães (2013) detects that stocks that are more often in the extreme 
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deciles of momentum strategies, have a lower size in comparison to the remaining stocks. On 

the other hand, Israel and Moskowitz state that the profitability of momentum strategies are 

present in every size category. According to the authors, there is no evidence that the high 

return of the momentum strategies are only associated with the small-cap firms.  

From the financial point of view, the investment in small-cap firms can generate liquidity 

problems, so investors tend to dismiss these firms in when building their portfolios. So, it is 

necessary to know if the momentum strategies can be applied with equal success to the entire 

market. In this sense, the third research hypothesis is the following: 

H3: The profitability of momentum strategies are higher for small-cap firms and lower in big-

cap firms. 

 

2.4 Financial Asset Pricing Models 

Over the last few decades various anomalies have been documented, for example, the size 

effect by Banz (1981), the book-to-market effect by Rosenberg et al. (1985), the 

earnings/price ratio by Basu (1977) and the momentum effect by Jegadeesh and Titman 

(1993). All of these phenomena lead to the weakening of EMH, therefore many investors 

have sought to formulate asset pricing models capable of predicting these effects.  

The authors Fama and French (1992) studied a set of anomalies and found that the size and 

book-to-market ratio have a determining effect on the return of the stocks, and, that this effect 

can't be picked up by the CAPM model. Following this study, Fama and French (1993) 

propose a three-factor model in the explanation of the variations in stock returns, adding two 

new risk factors to the CAPM model, the size (SMB) and the book-to-market ratio (HML). 

Although the three-factor model presents a good explanatory capability, Fama and French 

(1996) consider that their model is unable to pick up the continuous short-term profitability 

documented by Jegadeesh and Titman (1993). Motivated by this shortcoming, Carhart (1997) 

adds the momentum anomaly (WML) to the three-factor model of Fama and French (1993).  

Recently, some studies have compared the performance between the three-factor model of 

Fama and French (1993) and the four-factor model of Carhart (1997) in different markets. 

Fama and French (2012) analysed, during the period of 1989 to 2011, 23 countries (developed 

and emerging) grouped in four regions: North America, Europe, Japan and Asia Pacific. Their 

results suggest a greater efficiency of the four-factor model in comparison to the three-factor 

model in North America. However, in Europe and Japan, the inclusion of the momentum 
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variable has not increased the efficiency of the three-factor model. In the Asia-Pacific region 

none of the models turned out to be adequate to explain the variations in stock returns. The 

authors Cakici et al. (2013) analysed during the period of 1990 to 2011, 18 developing 

countries grouped in three regions: Asia, Latin America and Eastern Europe. Their results 

suggest difficulties in applying both models in the three regions and do not find evidence that 

justify the inclusion of the momentum as a risk factor. Zaremba (2015) analyzed 11 Western 

and Central European countries between April 2011 and June 2014. The results point to a 

greater efficiency of the four-factor model in comparison to the three-factor model, however it 

is necessary to remove the microcaps firms of the sample to make both models suitable.  

In summary, there is no consensus on the use of the momentum as a risk factor in the 

explanation of the variations in stock returns, so the last research hypothesis is the following: 

H4: The inclusion of the momentum variable to the three-factor model of Fama and French 

(1993) increases its capability to explain the variations in stock returns. 

 

3. DATA AND METHODOLOGY 

This chapter is intended for the presentation of data and methodologies adopted in this study. 

In the subchapter (3.1), the sample, data and variables used are explained. In the subchapter 

(3.2), the three methodologies applied to achieve the final results are explained, namely, the 

momentum strategies of Jegadeesh and Titman (1993), the three-factor model of Fama and 

French (1993) and the four-factor model of Fama and French (2012). 

 

3.1 Data  

The sample of this study consists of 4053 companies listed on the Frankfurt Stock Exchange 

(FSE), for the period from 1999 to 2014. The FSE is the second main European financial 

centre and one of the biggest in the world. Even though it is based in Germany, FSE has 

companies listed from various countries. From the 4053 companies studied only 418 are 

national, and the remaining 3635 are foreign. The United States of America is the country 

with the largest number of companies present in the sample (1526). On the other hand, most 

studies focus on the North American and the United Kingdom market, which means that the 

German market is very enticing from a researcher’s point of view.  
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The data used in the study were collected from the Thomson Reuters-Datastream database. 

For a company to be part of the sample it is required to have at least 10 years of data available 

during the sampling period.  

To calculate the monthly stock returns the Total Return Index variable was used as an 

alternative to the price, since it is a variable adjusted by the dividends and the increases of 

capital. In order to avoid extraction errors, the stocks returns were taken daily, and later on, 

transformed into monthly. Then, it was calculated the logarithmic monthly return for each 

company and the outliers values corrected. It was considered as outliers, the logarithmic 

returns greater than 1.4 or less than (-1.4) and this amount is immediately replaced by the 

average profitability of the previous month and of the next month. 

The choice of the remaining variables is based on article of Fama and French (1993). Thus, 

for the size of the stock it is used the Market Value variable, which corresponds to the price 

per share multiplied by the number of common stock issued
1
. The Book-to-Market variable is 

calculated by dividing the Common Equity variable by the Market Value variable, being that 

the Common Equity is the value of the investment made by the shareholders of the company
2
. 

Finally, the risk-free asset is given by the interest rate of the 3-month Treasury Bills of 

Germany and the market return is obtained by the average monthly returns of 4053 companies 

that make up the sample. 

 

3.2 Methodology 

As previously mentioned, in this study three major methodologies are used. The momentum 

strategies of Jegadeesh and Titman (1993) designed to respond to issues raised in the 

hypotheses H1 H2 and H3, the three-factor model of Fama and French (1993) that is applied 

in the hypotheses H2 and H4 and the four-factor model of Fama and French (2012) which is 

adopted in H4. In this study it is also conducted a sort analysis to the momentum, and the 

methodology is inspired by Fama and French (2008) and explained in chapter 5. 

 

 

                                                           
1
 The amount in issue is updated whenever new tranches of stock are issued or after a capital change. 

 
2
 Included in this heading are the book value of the shares, retained earnings, capital surplus, issuance premiums, 

foreign currency translation gains or losses and goodwill amortizations. 
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3.2.1 Methodology of the Momentum Strategies 

In this study, it will be analysed sixteen different momentum strategies using as reference the 

work of Jegadeesh and Titman (1993). According to the authors, momentum strategies are 

built through the selection of stock based on their profitability over the past J months 

(J=3,6,9,12) and in its holding for the following K months (K =3,6,9,12).  

These strategies are called "J-month / k-month strategies" and are designed as follows: at the 

end of each t month, all stocks are sorted in an ascending order based on their past returns and 

then divided into 10 deciles equally weighted. Thus, the first decile corresponds to stocks with 

lower returns in the past (losers) and the tenth decile to the stocks with higher returns in the 

past (winners).  

The momentum strategy consists of, each t month, take a long position (buy) in the winners 

stocks and a short position (sell) in the losers stocks, keeping them during the following K 

months. According to this transaction strategy, every month, the considerations on 
 

 
  of the 

global stock portfolio are revised and the others move along to the following month. Finally, 

in order to maximize the analysis period and the number of tests performed, the strategies 

include portfolios with overlap of holding periods. Therefore, in any t month, the strategy 

maintains a set of selected portfolios in the current month as well as in the K-1 previous 

months. 

 

3.2.2 Methodology of the Tree-Factor Model 

The adjustment of the profitability of momentum strategies is calculated individually for each 

winner and loser stock, using as a method of adjustment the three-factor model of Fama and 

French (1993). 

                                                            (1) 

In the equation 1, the dependent variable             corresponds to the monthly return of a 

stock in excess of the monthly return of the risk-free asset. Independent variables correspond 

to the risk factors: of market            , size (SMB) and book-to-market (HML). The 

market risk factor is given by the difference between the monthly market return and the 

monthly return of the risk-free asset, while the size and book-to-market risk factors are 

calculated through the construction of 2 * 3 portfolios of Fama and French (1993). 
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According to the methodology of the authors, every month, the companies that make up the 

sample are classified according to their size and book-to-market ratio. In relation to the size, 

companies which have a market value higher than the median are called big firms and 

companies with a market value lower than the median are called small firms. As to the book-

to-market ratio, the separation is made through the 30 and 70 percentiles. Thus, companies 

below the 30 percentile are called growth firms, companies between the 30 and 70 percentile 

by neutral firms and companies above the 70 percentile by value firms. The crossing between 

these classifications gives rise to six portfolios, SG (small growth), SN (small neutral), SV 

(small value), BG (big growth), BN (big neutral) and BV (big value). 

The size risk factor, SMB (t), corresponds to the average monthly return of the three small 

portfolios minus the average monthly return of the three big portfolios.  

 

    
                     

 
          

 

The book-to-market risk factor, HML (t), corresponds to the average monthly returns of the 

two value portfolios minus the average monthly return of the two growth portfolios. 

 

     
               

 
             

 

The remaining variables of the model correspond to the regression coefficients and are 

obtained through estimation of the model for each one of the 4053 companies  

 

3.2.2 Methodology of the Four-Factor Model 

The four-factor model of Fama and French (2012) corresponds to the three-factor model of 

Fama and French (1993) plus the momentum variable, represented in this study by WML. 

                                                                    (4) 

According to Fama and French (2012), the momentum is defined by the accumulated return 

of stocks between the month’s t-11 and t-1. As the previous variables, the momentum (WML) 
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is formed through the 2 * 3 portfolios. Thus, every month, the companies in the sample are 

classified into two categories of size based on the median (small and big) and into three 

momentum categories (winners, neutrals and losers) through the 30 and 70 percentiles. The 

combination between the classifications gives rise to six portfolios: SW (small winners), SN 

(mall neutrals), SL (small losers), BW (big winners), BN (big neutrals) and BL (big losers).  

The momentum risk factor, WLM (t), corresponds to the average monthly return of the two 

winners portfolios minus the average monthly return of the two loser’s portfolios. 

 

     
               

 
                 

 

 

4. RESULTS OF THE MOMENTUM STRATEGIES 

In this chapter sixteen momentum strategies of Jegadeesh and Titman (1993) will be analysed 

for the FSE between 1999 and 2014. The analysis is divided into two parts, in the first it will 

be calculated the profitability of momentum strategies and in the second the adjustment of 

these strategies will be done by the systematic risk, through the three-factor model of Fama 

and French (1993). 

4.1 Profitability of the Momentum Strategies 

The results of the momentum strategies are expressed in Table 1, in which are presented the 

average monthly return of the winners, losers and winners-losers portfolios for each of the 

sixteen strategies analysed.  

Every zero-cost portfolio (winners-losers) presents positive returns and statistically significant 

at the 1% level, however, the same does not apply in other portfolios. The winner’s portfolios 

present returns close to zero or negative, indicating a bad performance of these stocks. On the 

other hand, the profitability of the loser’s portfolios are always negative and statistically 

significant, which is what was expected.  

These results reveal that momentum strategies produce similar results to those documented by 

Jegadeesh and Titman (1993), however, it should be noted that said results are obtained by 

executing short positions in stocks with worst past performances (losers). There is no 
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evidence that long positions in stocks with better past performances (winners) are lucrative 

for investors.   

On the other hand, the results show considerable differences between the returns of the 

strategies. As advocated by Cremers and Pareek (2015), it is noted that strategies with shorter 

holding periods achieve higher average returns than the rest. The same tendency is observed 

in strategies with shorter formation periods, however, in a less distinct manner. Thus, the 3/3 

months strategies, 6/3 months and 9/3 months are the most profitable, with average monthly 

returns of 2.49%, 2.29% and 1.98%, respectively. 

Table 1 - Profitability of Momentum Strategies  

The momentum strategies portfolios are built on the basis of the stock return in the last J months and kept for K 

months. The values of J and K for the different strategies are indicated in the first column and line, respectively. 

At the end of each t month, the stocks are ordered in ascending order based on the returns of the last J months. 

Then, the divided stocks in 10 equally weighted deciles, being that each decile corresponds to a stock portfolio. 

The first decile portfolio is called loser and shall be practised in short position (sell), while the portfolio of last 

decile is called winner and shall be practised in a long position (buy). Finally, the positions will be held during K 

months. This table shows the average monthly return of the winners, losers and winners-losers portfolios of 

sixteen momentum strategies, for the FSE between 1999 and 2014. The values in parentheses correspond to the 

t-statistics and the asterisks to the levels of significance, being * p<;0.10; **p<;0.05 and ***p<;0.01. 

Formation 

Periods (J) 
Portfolios 

Holding Periods (K) 

3 6 9 12 

3 Winner 
0,0044 0.0006 -0.0013 -0.0053** 

(1.33) (0.21) (-0.56) (-2.23) 

3 Loser 
-0,0204*** -0.0171*** -0.0152*** -0.0130*** 

(-4,43) (-4.82) (-5.07) (-4.45) 

3 Winner-Loser 
0.0249*** 0.0177*** 0.0139*** 0.0077*** 

(8.63) (8.47) (7.56) (3.99) 

6 Winner 
0,0034 -0.0002 -0.0024 -0.0040* 

(1.03) (-0.08) (-1.03) (-1.93) 

6 Loser 
-0.0196*** -0.0164*** -0.0155*** -0.0143*** 

(-4.10) (-4.49) (-5.02) (-5.20) 

6 Winner-Loser 
0.0229*** 0.0162*** 0.0131*** 0.0103*** 

(7.15) (7.15) (6.53) (5.43) 

9 Winner 
0,0013 -0.0025 -0.0044* -0.0056** 

(0.40) (-0.96) (-1.89) (-2.58) 

9 Loser 
-0.0186*** -0.0164*** -0.0145*** -0.0135*** 

(-3.81) (-4.38) (-4.61) (-4.92) 

9 Winner-Loser 
0.0198*** 0.0139*** 0.0102*** 0.0079*** 

(6.04) (5.70) (4.73) (4.06) 

12 Winner 
-0,0021 -0.0050* -0.0064*** -0.0070*** 

(-0.66) (-1.88) (-2.63) (-3.01) 

12 Loser 
-0.0185*** -0.0155*** -0.0140*** -0.0128*** 

(-3.74) (-4.05) (-4.38) (-4.66) 

12 Winner-Loser 
0.0164*** 0.0105*** 0.0076*** 0.0058*** 

(4.74) (4.05) (3.46) (2.92) 
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In short, the results of this paragraph suggest some reservations in the current application of 

momentum strategies by investors. Despite these strategies present, on average, earnings of 

about 1% per month, the underlying theory at its implementation is not fully fulfilled, since 

the adoption of long positions in winner’s stocks does not produce additional gains for 

investors. Finally, it is important to note that these results are not adjusted by the risk, 

therefore it will be analyzed in the following point if the profitability of these strategies are or 

not a compensation for its systematic risk. 

4.2 Profitability of Risk-Adjusted Momentum Strategies 

The Table 2 presents the profitability obtained by the momentum strategies after the 

systematic risk adjustment through the three-factor model of Fama and French (1993). The 

average monthly returns of the zero-cost portfolios decreased considerably in all strategies. 

For example, the profit of the 3/3 months strategy went from 2.49% to 0.85% per month, 

which means that 1.64% of the initial profit is justified by the systematic risk.   

These results prove that the risk factors present in the three-factor model of Fama and French 

(1993) is able to explain a significant part of the returns obtained by momentum strategies, 

which demonstrates that there are other factors beyond past returns that influence the 

profitability of stocks. So, this analysis contradicts the results obtained in the studies of 

Jegadeesh and Titman (2002) and Wang (2008), by finding evidence that the high return of 

momentum strategies are a compensation of the systematic risk associated to said strategies.  

As in the previous point, it turns out that strategies with lower formation and holding periods 

obtain higher returns than other strategies, after the adjustment by the systematic risk. The 3/3 

months, 6/3 months and 9/3 months strategies are the most profitable, with average monthly 

returns of 0.85%, 0.70% and 0.52%, respectively.  

In short, this chapter demonstrates that a substantial portion of the profits earned by the 

adoption of momentum strategies can be explained by the three-factor model of Fama and 

French (1993). In this way, it is proven that the market risk, size and book-to-market factors 

influence the profitability of momentum strategies, therefore rejecting the hypothesis that the 

results of these strategies constitute an inefficiency of markets. In the next chapter it will be 

analysed the impact of the firms size in the profitability of momentum strategies.  
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Table 2 - Profitability of Risk-Adjusted Momentum Strategies 

This table shows the average monthly return of the winners, losers and winners-losers portfolios of sixteen 

momentum strategies, for the FSE between 1999 and 2014. The values in parentheses correspond to the t-

statistics and the asterisks to the levels of significance, being * p<;0.10; **p<;0.05 and ***p<;0.01. 

 

 

5. FIRMS SIZE AND MOMENTUM STRATEGIES 

This section studies the relationship between the firm’s size and the profitability of 

momentum strategies. Initially, it is made a sort analysis to momentum, using as reference the 

study of Fama and French (2008). Subsequently, the three most profitable momentum 

strategies are calculated for stocks with different size groups.  

The results of the sort analysis (Table 3) show the momentum behavior for stocks with 

different sizes. As in Fama and French (2008), it proves that the momentum is present in all 

firms, but it is more significant in firms with low market value (microcaps). Analyzing the 

high-low column, it appears that the difference between stocks with the best and worst past 

Formation 

Periods (J) 
Portfolios 

Holding Periods (K) 

3 6 9 12 

3 Winner 
0,0030*** 0.0014** 0.0009* 0.0001 

(3.97) (2.43) (1.85) (0.33) 

3 Loser 
-0,0054*** -0.0039*** -0.0031*** -0.0027*** 

(-4.21) (-4.48) (-4.52) (-4.65) 

3 Winner-Loser 
0.0085*** 0.0052*** 0.0040*** 0.0028*** 

(4.90) (4.43) (4.28) (3.64) 

6 Winner 
0,0029*** 0.0013** 0.0003 -0.0009** 

(3.60) (2.10) (0.62) (-2.08) 

6 Loser 
-0.0040*** -0.0028*** -0.0021*** -0.0012* 

(-3.11) (-3.16) (-2.92) (-1.90) 

6 Winner-Loser 
0.0070*** 0.0040*** 0.0024** 0.0003 

(3.85) (3.17) (2.35) (0.35) 

9 Winner 
0,0018** 0.0000 -0.0011** -0.0020*** 

(2.14) (0.00) (-2.19) (-4.55) 

9 Loser 
-0.0032** -0.0020** -0.0007 0.0000 

(-2.26) (-2.06) (-0.89) (0.11) 

9 Winner-Loser 
0.0050** 0.0020 -0.0004 -0.0021** 

(2.51) (1.47) (-0.39) (-2.40) 

12 Winner 
0,0004 -0.0017*** -0.0026*** -0.0032*** 

(0.51) (-2.80) (-5.09) (-7.32) 

12 Loser 
-0.0022 -0.0005 0.0004 0.0010* 

(-1.43) (-0.50) (0.59) (1.75) 

12 Winner-Loser 
0.0026 -0.0012 -0.0030*** -0.0042*** 

(1.23) (-0.88) (-2.91) (-5.43) 
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performance is higher for microcaps firms and lower for big-cap firms. These results are in 

agreement with the studies that argue for a greater volatility in the returns of smaller firms 

(Jegadeesh & Titman 1993 2001). 

Table 3 - Sort analysis to momentum 

This table shows the results of the sort analysis to momentum. Momentum is the cumulated compounded stock 

return between the t-12 and t-2 months. Then, the stocks are divided into three size categories through the 20
th

 

and 50
th

 percentiles. Stocks with a market value below the 20
th

 percentile are called micro, stocks with market 

value between the 20
th

 and 50
th

 percentile are designated by small and stocks with a market value above the 50
th

 

percentile are called big. In turn, the momentum is divided into quintiles equally weighted. The first quintile 

corresponds to the stocks with less momentum and the fifth quintile to stocks with a greater momentum. The 

market shows the result obtained by the set of all stocks and the high-low column shows the result of the 

difference between the fifth and the first quintile of the momentum. 

 

            Momentum 

  Low 2 3 4 High High-Low 

Market -0,54 -0,15 0,00 0,15 0,54 1,08 

Micro -0,69 -0,16 0,00 0,15 0,64 1,33 

Small -0,52 -0,15 0,00 0,15 0,57 1,09 

Big -0,42 -0,15 0,00 0,15 0,45 0,87 

 

Table 4 shows the results of the three most profitable momentum strategies in point 6.1 

divided into three groups of stocks. The average monthly returns of the winner’s portfolios 

are significantly higher for big-cap firms, becoming negative in microcap firms. On the other 

hand, the loser’s portfolios have negative returns in all stocks groups, even though the 

performance is better in microcaps and small-cap firms. Finally, the profitability of zero-cost 

portfolios is higher in small-cap firms for the 3/3 months and 6/3 months strategies and lower 

in microcap firms for the three analyzed strategies. 

The results of this analysis show that the poor performance obtained by the winner’s 

portfolios of low market value decreases the profitability of momentum strategies. Thus, it is 

suggested that investors exclude this group of firms in order to maximize their results. 

However, it is important to note that only the firms considered microcap should be excluded, 

since small-cap firms achieve good performances. 
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Table 4 - Profitability of Momentum Strategies by Dimension 

This table shows the average monthly returns of winners, losers and winners-losers portfolios in the 3/3 months 

6/3 months and 9 / 3months strategies for micro, small and big stocks. Every month the stocks are ranked 

according to their market value and then divided in the 20
th

 and 50
th
 percentiles. Stocks with a market value 

below the 20
th

 percentile are called micro, stocks with market value between the 20
th

 percentile and 50
th

 are 

designated by small and stocks with market value above the 50
th

 percentile are called big. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In summary, the results of this chapter confirm the existence of a negative correlation between 

the momentum and firm’s size, i.e., the momentum tends to decrease as the size increases. 

However, despite the momentum being more significant in microcap firms, there is no 

evidence of a higher profitability of momentum strategies in these firms. 

 

6 ASSET PRICING MODELS 

This chapter analyzes the momentum anomaly as a risk factor in the explanation of the 

variations of stock returns. Thus, It is initially applied the three-factor-model of Fama and 

French (1993) to the FSE and then the four-factor-model of Fama and French (2012). Finally, 

asset pricing models are complemented by an econometric diagnosis. 

 

 

Momentum Strategies by Dimension (%) 

                                                      Strategy 3-3 months 

  Micro Small Big Total 

Winners -0,10% 0,49% 0,73% 0,44% 

Losers -2,07% -2,25% -1,62% -2,04% 

Winners-Losers 1,96% 2,74% 2,35% 2,49% 

                                                      Strategy 6-3 months 

  Micro Small Big Total 

Winners -0,04% 0,28% 0,66% 0,34% 

Losers -1,90% -2,19% -1,61% -1,96% 

Winners-Losers 1,86% 2,47% 2,27% 2,29% 

                                                      Strategy 9-3 months 

  Micro Small Big Total 

Winners -0,23% 0,07% 0,43% 0,13% 

Losers -1,88% -2,00% -1,65% -1,86% 

Winners-Losers 1,65% 2,07% 2,08% 1,98% 
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6.1 Application of the Three-Factor-Model of Fama and French (1993) 

Table 5 presents the average value of the market value and the book-to-market for companies 

listed in the FSE between 1999 and 2014. The average market value of small firms is similar 

between SM and SL portfolios, 250-237 millions.  However, it decreases significantly in the 

SH portfolio, 164 millions. On the other hand, there are significant differences between the 

market value of big firms. The BL portfolio has approximately twice the market value of BH 

portfolio, 14.097-7.123 million. Regarding the average value of the book-to-market ratio, 

there is a balance between small and large firms, with the exception of SH e BH portfolios, 

2.95-1.25. 

Table 5 - Market Value and Book-to-Market by Portfolio 

 

 

 

 

The average monthly returns in excess of the profitability of the risk-free asset (Table 6) are 

negative for all portfolios, except the BM and BL. These results are explained by the fact that 

the market went through a strong instability during the sample period (1999-2014), especially 

by the negative impact of the 2008 financial crisis (Figure 1). 

Table 6 – Excess Return and Variation by Portfolio 

 

 

 

 

The performance of the three big portfolios (BH, BM and BL) is higher than the performance 

of the three small portfolios. This effect in the big companies is inconsistent with the findings 

of Fama and French (1993) for North American market. However, the small portfolios have a 

higher standard deviation than the big portfolios. As a result, the portfolios with smaller 

stocks tend to offer lower and more volatile returns. 

 

 

          Market Value (milhões €)        Book-to-Market 

  High Medium Low 

 

High Medium Low 

Small 163,5947 250,0588 236,8284 Small 2,9525 0,611672 0,225547 

Big 7123,45 9700,197 14097,21 Big 1,248693 0,594421 0,246306 

             Average (%) Standard deviation (%) 

  High Medium Low 

 

High Medium Low 

Small -1,27% -0,68% -0,97% Small 18,12% 14,01% 16,46% 

Big -0,18% 0,11% 0,28% Big 9,80% 8,74% 9,40% 
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Figure 1 - FSE Market Return between 1999 and 2014 

 

All explanatory variables have negative mean values (Table 7). In specific, the mean excess 

market return is -0.47, which is in line with the various economic downturns occurred during 

the analysis period. The negative value of SMB factor is according to the size effect 

previously documented for big firms. Finally, the HML factor is equally negative, which 

means that the return of growth firms (lower B / M) is greater than the return of value firms 

(higher B / M). This effect is also inconsistent with the results of Fama and French (1993). 

Table 7 - Risk Factors 

 

 

 

 

Analyzing the correlation coefficients between the explanatory variables (Table 8), there is a 

moderate correlation between market and SMB risk factors (p = 0:55). As documented by 

Fama and French (1993), the introduction of the SMB variable increases market betas ( ) to 

values close to 1.0. On the other hand, there is no correlation between market and HTML risk 

factors (p = 0.02). Finally, it appears that the HML factor has a negative effect on SMB factor 

betas (s). 

Table 8 - Correlation Coefficient (p) 

  Market SMB HML 

Market 1,00 

 

  

SMB 0,55 1,00   

HML -0,02 -0,25 1,00 

-0,08 

-0,06 

-0,04 

-0,02 

0 

0,02 

0,04 

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Frankfurt Stock Exchange 

  Average (%) Standard Deviation (%) 

Market -0,47% 5,04% 

SMB -0,96% 2,57% 

HML -0,10% 3,43% 
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The regression coefficients (Table 9) evaluate the effectiveness of the three-factor-model for 

the FSE between 1999 and 2014. First, the   coefficients (intercepts) are very close to zero, 

even though they are only statistically equal to zero in BH and SL portfolios. This means that 

the remaining portfolios may have abnormal returns that the model cannot capture. Second, 

the market factor coefficients ( ) are positive and statistically significant at less than 1% 

(different from zero) for all portfolios. As evidenced by Fama and French (1996), the values 

are all very close to 1, which means that their variation tend to follow the market. Third, the 

coefficients of SMB factor (s) are also statistically significant at a 1% confidence level. Also 

consistent with the results of Fama and French (1996), the small portfolios have positive 

values and the big portfolios negative values. Finally, the coefficients of the HML factor (h) 

are statistically significant at 1% for all portfolios, being positive in high portfolios and 

negative for the rest, as in Fama and French (1996). 

Table 9 – Three-Factor Regressions for Portfolios formed on Size and Book-to-Market: FSE 

                                                       

Book-to-Market  

Size High Medium Low High Medium Low 

   α P-Value 

Small 0,002 0,001 -0,001 0,001 0,038 0,399 

Big 0,000 0,001 0,002 0,893 0,065 0,000 

 

b P-Value 

Small 0,991 1,012 1,031 0,000 0,000 0,000 

Big 1,032 0,998 1,002 0,000 0,000 0,000 

 

S P-Value 

Small 0,530 0,315 0,536 0,000 0,000 0,000 

Big -0,494 -0,531 -0,503 0,000 0,000 0,000 

 

h P-Value 

Small 0,532 -0,085 -0,486 0,000 0,000 0,000 

Big 0,464 -0,067 -0,494 0,000 0,000 0,000 

 

Adj.R² Standard Error of Regression 

Small 0,99 0,99 0,99 0,01 0,01 0,01 

Big 0,98 0,99 0,99 0,01 0,01 0,00 

 

DW       

Small 2,06 1,84 1,94   

 

  

Big 1,96 1,75 1,94       
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In general, low interception values ( ) and the high statistical significance of all coefficients 

( , s and h) demonstrate that the three-factor-model of Fama and French (1993) has a good 

capability to capture variations in stock returns. The robustness of the model is still supported 

by the high values of the adjusted R², ranging between 0.98 and 0.99. 

 

6.2 Application of the Four-Factor-Model of Fama and French (2012) 

Figure 2 shows the behavior of the momentum in FSE between 1999 and 2014. The 

momentum declined in the first years of the analysis and then remained stable over the last 

decade. This tendency shows that the momentum continues to exist, however, its low values 

reflect the weakening of the anomaly in recent years, as noted in the studies of Daniel and 

Moskowitz (2014) and Hwang and Rubesam (2015). 

Figure 2 – FSE Momentum between 1999 and 2014 

 

The regression coefficients (Table 10) of the model of Fama and French (2012) demonstrate 

that the addition of the momentum variable had a positive impact on the p-value of the 

intercept coefficient ( ), making them statistically equal to zero in all portfolios. Despite the 

statistical improvement, the alpha values deviate from zero for most portfolios, so it is not 

possible to conclude that the variable momentum increased the efficiency of the three-factor-

model. The other model coefficients remain equal in value and significance level, which 

means there is no significant correlation between the momentum and other risk factors. 

Finally, the WLM factor (w) coefficients range between -0392 and 0175, not being 

statistically significant for any portfolio (p≥10%). These values show that the momentum 

variable is not able to explain the variation in stock returns. 

 

0 
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Table 10 - Four-Factor Regressions for Portfolios formed on Size and Book-to-Market: FSE 

                                                                   

 

The results of this chapter are consistent with the findings obtained by Fama and French 

(2012) and Cakici et al. (2013) for the European market. In fact, the introduction of the 

momentum risk factor to the three-factor-model of Fama and French (1993) did not improve 

its efficiency, therefore rejecting the H4 research hypothesis. 

 

6.3 Econometric diagnosis 

The previous models were subjected to a set of econometric procedures in order to ensure the 

reliability of the results presented. All documents presented in this analysis were referred to 

the Appendix. 

Book-to-Market  

Size High Medium Low High Medium Low 

   α P-Value 

Small 0,002 0,004 -0,002 0,762 0,100 0,549 

Big -0,002 0,002 0,003 0,598 0,430 0,122 

 

b P-Value 

Small 0,988 1,013 1,037 0,000 0,000 0,000 

Big 1,036 0,978 0,998 0,000 0,000 0,000 

 

S P-Value 

Small 0,553 0,322 0,506 0,000 0,000 0,000 

Big -0,507 -0,495 -0,495 0,000 0,000 0,000 

 

h P-Value 

Small 0,541 -0,106 -0,452 0,000 0,000 0,000 

Big 0,490 -0,065 -0,481 0,000 0,000 0,000 

 

w P-Value 

Small 0.109 -0,392 0,136 0,742 0,191 0,732 

Big 0,175 -0,188 -0,100 0,659 0,437 0,652 

 

Adj,R² Steard Error of Regression 

Small 0,99 0,99 0,99 0,01 0,01 0,01 

Big 0,99 0,99 0,99 0,01 0,01 0,00 

 

DW   

 

  

Small 2.00 1,93 2,03   

 

  

Big 2,09 1,84 1,94       
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Firstly, it has been tested the stationarity of the series by applying the unit root test of Dickey- 

Fuller for each portfolio (Appendix A). In all portfolios, the critical values of the T-Statistic 

are greater than 10%, 5% and 1% of confidence. Thus, the null hypothesis is rejected, which 

means that the series are stationary.  

Secondly, the White test was performed to verify the chance of heteroscedasticity in the 

regression residuals of the models (Appendix B). The results confirm the existence of 

heteroscedasticity in all portfolios, i.e., the errors are correlated and are not normally 

distributed. As a result, the estimated coefficients by OLS are biased. To correct this problem, 

regressions were re-estimated with the correction by the estimator of White. 

Thirdly, ARCH tests were performed, since the observation of the residuals and the 

descriptive statistics of the regressions reveal the presence of volatile clusters and leptokurtic 

distributions (Appendix C). The test results demonstrate the presence of ARCH effects in four 

out of six portfolios (SG, SN, SV and BV), which means, there is a structure in the volatility 

that is not captured by the models. Thus, it is necessary to resort to a nonlinear model. To 

correct this problem, the estimation of the portfolios regression coefficients was performed by 

GARCH (1,1) models. 

Finally, the hypothesis of residual autocorrelation was tested by Durbin-Watson and Ljung-

Box tests (Appendix D). The values of the DW test point to the presence of residual 

autocorrelation in all portfolios except for SN. The same results are obtained by the Q-

Statistic test using correlograms with 36 time lags. Therefore, lagged variables (Y t-1) were 

introduced to correct the autocorrelation in each portfolio. 

 

7. CONCLUSIONS 

This study makes an in-depth analysis of the momentum anomaly in order to figure out what 

its current impact is on the financial markets and how it can be used for the benefit of 

investors and researchers. Thus, in the first phase, the profitability of sixteen momentum 

strategies for the FSE between 1999 and 2014 are calculated, using as reference the work of 

Jegadeesh and Titman (1993). The results confirm the current profitability of momentum 

strategies in the German market, with average monthly returns of over 1%. However, these 

results are achieved solely by executing short positions in loser stocks, not noting economic 

benefits in adopting long positions in winner stocks.   
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In the second phase of the study, it is tested if the results obtained by the momentum 

strategies in the previous phase are a market inefficiency or a compensation for its systematic 

risk. To this end, the previous returns were adjusted by the three-factor model of Fama and 

French (1993). The results show a severe drop in the profits obtained by momentum 

strategies, caused by a decrease in the returns of losers portfolios.  Therefore, proving that the 

results obtained by the momentum strategies do not constitute a market inefficiency, but are, 

in fact, being influenced by other factors beyond past returns.  

In the third phase of the work, it is analysed the impact of the firms size on the returns of 

momentum strategies. Through a sort analysis, it appears that the momentum is more 

significant in firms with low market value, however, there is no signs of greater returns of the 

momentum strategies in this group of firms. Contrary to what would be expected, momentum 

strategies present worse results in microcaps firms due to the bad performance of winners 

portfolios. In this way, it is clear that the poor performance obtained by winner portfolios may 

be partly justified by the inclusion of microcaps firms in the drawing up of momentum 

strategies.  

In the last phase of the work, it is analysed the momentum capability to explain variations in 

stock returns. In this way, the three-factor model of Fama and French (1993) was applied to 

the German market, and then it was added the momentum variable as a risk factor. The results 

show that the three-factor model offer a good capability to explain the variations in stock 

returns. Proving that the market risk, size and book-to-market factors influence the stock 

returns, however, the same does not apply to the momentum factor. The addition of the 

momentum variable to the three-factor model does not increase its efficiency, therefore it is 

not plausible to consider momentum as a risk factor in the explanation of the variations in 

stock returns.  

In short, this study suggests that the current impact of momentum on the markets is reduced, 

which decreases its attractiveness for investors and researchers. Even though momentum 

exists, it's complicated for investors to adopt lucrative strategies based solely on this 

phenomenon. Unlike Jegadeesh and Titman (2002) and Wang (2008), the results of this study 

show that the returns of momentum strategies are a compensation for their risk, which means 

that there are other factors that influence the returns of these strategies and that should not be 

ignored by investors. One of the factors to be taken into account by investors in the creation 

of momentum strategies is the firm’s size. According to the obtained results, investors should 
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exclude really microcaps firms in order to maximize their results. On the other hand, this 

study also contributes to the literature by documenting significant differences in the returns of 

momentum strategies of Jegadeesh and Titman (1993). According to the results, investors 

should adopt strategies with short formation and holding periods.  Finally, it is shown that 

momentum does not have the capability to explain the variations in stock returns, and should 

not be considered by investors and researchers as a variable on the asset pricing models.  

In future research, it is suggested that the relation of other factors with momentum and its 

strategies is analysed, in order to provide investors with a greater set of information for 

building their portfolios.  
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Null Hypothesis: BG has a unit root

Exogenous: Constant

Lag Length: 1 (Automatic - based on SIC, maxlag=14)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -6.151.653  0.0000

Test critical values: 1% level -3.465.014

5% level -2.876.677

10% level -2.574.917

Null Hypothesis: BN has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -8.814.574  0.0000

Test critical values: 1% level -3.464.827

5% level -2.876.595

10% level -2.574.874

Null Hypothesis: BV has a unit root

Exogenous: Constant

Lag Length: 2 (Automatic - based on SIC, maxlag=14)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -5.177.465  0.0000

Test critical values: 1% level -3.465.202

5% level -2.876.759

10% level -2.574.962

Null Hypothesis: SG has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -8.166.156  0.0000

Test critical values: 1% level -3.464.827

5% level -2.876.595

10% level -2.574.874

Null Hypothesis: SN has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -7.930.505  0.0000

Test critical values: 1% level -3.464.827

5% level -2.876.595

10% level -2.574.874

Null Hypothesis: SV has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=14)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -7.966.987  0.0000

Test critical values: 1% level -3.464.827

5% level -2.876.595

10% level -2.574.874

APPENDIX A 

Stationarity - Unit Root Test for Portfolios BG, BN, BV, SG, SN and SV 
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Heteroskedasticity Test: White BG

F-statistic 4.924.752     Prob. F(14,165) 0.0000

Obs*R-squared 5.304.791     Prob. Chi-Square(14) 0.0000

Scaled explained SS 6.397.937     Prob. Chi-Square(14) 0.0000

Heteroskedasticity Test: White BN

F-statistic 3.059.696     Prob. F(14,165) 0.0000

Obs*R-squared 1.299.459     Prob. Chi-Square(14) 0.0000

Scaled explained SS 7.894.935     Prob. Chi-Square(14) 0.0000

Heteroskedasticity Test: White BV

F-statistic 7.159.595     Prob. F(14,165) 0.0000

Obs*R-squared 6.802.354     Prob. Chi-Square(14) 0.0000

Scaled explained SS 1.336.060     Prob. Chi-Square(14) 0.0000

Heteroskedasticity Test: White SG

F-statistic 3.728.661     Prob. F(14,165) 0.0000

Obs*R-squared 4.326.046     Prob. Chi-Square(14) 0.0001

Scaled explained SS 8.596.190     Prob. Chi-Square(14) 0.0000

Heteroskedasticity Test: White SN

F-statistic 9.589.766     Prob. F(14,165) 0.0000

Obs*R-squared 8.075.411     Prob. Chi-Square(14) 0.0000

Scaled explained SS 1.264.185     Prob. Chi-Square(14) 0.0000

Heteroskedasticity Test: White SV

F-statistic 2.082.285     Prob. F(14,165) 0.0151

Obs*R-squared 2.702.706     Prob. Chi-Square(14) 0.0191

Scaled explained SS 2.674.075     Prob. Chi-Square(14) 0.0208

APPENDIX B 

Heteroscedasticity - White Test for Portfolios BG, BN, BV, SG, SN and SV 
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Heteroskedasticity Test: ARCH BG

F-statistic 0.117279     Prob. F(1,188) 0.7324

Obs*R-squared 0.118453     Prob. Chi-Square(1) 0.7307

Heteroskedasticity Test: ARCH BN

F-statistic 0.069860     Prob. F(1,188) 0.7918

Obs*R-squared 0.070577     Prob. Chi-Square(1) 0.7905

Heteroskedasticity Test: ARCH BV

F-statistic 3.087.979     Prob. F(1,188) 0.0805

Obs*R-squared 3.070.397     Prob. Chi-Square(1) 0.0797

Heteroskedasticity Test: ARCH SG

F-statistic 1.328.403     Prob. F(1,188) 0.0003

Obs*R-squared 1.253.933     Prob. Chi-Square(1) 0.0004

Heteroskedasticity Test: ARCH SN

F-statistic 2.617.646     Prob. F(1,188) 0.0000

Obs*R-squared 2.322.164     Prob. Chi-Square(1) 0.0000

Heteroskedasticity Test: ARCH SV

F-statistic 5.898.838     Prob. F(1,188) 0.0161

Obs*R-squared 5.780.227     Prob. Chi-Square(1) 0.0162

APPENDIX C 

Heteroscedasticity - ARCH Test for Portfolios BG, BN, BV, SG, SN and SV 
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APPENDIX D 

Autocorrelation - Ljung-Box test for Portfolios BG, BN, BV, SG, SN and SV 
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