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Abstract 

Even though it is considered by many as a fragmented market, including different 

cultures and economy levels, European Union is still an attractive destination for 

investors. Throughout its history, EU has been gradually achieving high degrees of 

integration both in a political and an economic level so that it can be studied as a 

whole. The investors take that seriously into account.  

The European Union offers plenty of investment opportunities. Being the area with 

the highest Gross Domestic Product in the world, highly entrepreneurial and its 

economy on rebound after the global financial crisis, it has the capacity to bounce 

back to high returns. To this end, this study argues on the investment opportunities 

EU has to offer. 

However, when deciding to invest in a market, one would need the right tools to do 

so. Therefore, the relevant asset pricing models should be employed in order to serve 

that goal. Such models aim to explain the variations of average returns and thus, aid 

potential investors to take the relevant investment decisions that suit them. Academic 

literature is lacking of an empirical study that aims to explain the expected returns of 

portfolios formed by combining firms from all over the European Union. By using 

different combinations of Fama French three-, four- and five- factor model, this study 

works in the direction of filling that gap. 

In general, the current empirical analysis shows that highly profitable and aggressive, 

in terms of investment, firms outperform the less profitable and less aggressive ones. 

The analysis employs the relevant asset pricing models in the EU and the two largest 

markets of France and the UK. However, this study proves that the choice between 

the different models is dependent on various portfolio and country choices. 
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1. Introduction 

 
The economic and trade integration in Europe is undoubtedly one of the greatest post 

war achievements. There is not any other recent example of a region that enjoys 

growth and prosperity as an integrated union. As a leader of the Global GDB it plays 

a detrimental role in the global growth. For the period 2010-2014, EU was the 

receiver of 55.1% of cumulative direct investments from the US (Bureau of Economic 

Analysis, 2015). Thus, investors should take a closer look in the events and the 

potential investment opportunities that rise within the EU. 

1.1 Relevance 

 

In its 60 years old history, the European Union is facing multiple challenges. Post 

events of economic crisis along with the refugee crisis have given the impression that 

Europe is an economic minefield for investors. In the vicinity of such bad news one 

easily forgets that Europe is still a great opportunity for investors. A recent paper 

published by PwC presents the opportunities due to the real estate prices decrease in 

the southern Europe (PwC, 2015). At the same time, startups leading in mobile and 

cyber security and cloud are delivering great results in terms of returns (Battisti, 

2015). Europe has been historically an innovative and investment friendly market. 

Apart from the recent economic and political problems, Europe seems highly 

entrepreneurial and still can deliver high returns. The attractiveness of European firms 

can be clearly seen when compared to the US. Valuations in Europe have gone back 

to the 2011 crisis low figures. This phenomenon can be observed in Figure 1.1 below. 
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Figure 1.1 Source: www.awealthofcommonsense.com 

 A different view to that would be to be look at the outperformance of US stocks 

compared to the European ones (Carlson, 2016). The Vanguard S&P 500 Fund 

(VFIAX) is compared to the Vanguard European Index Fund (VEURX) for the last 5 

years in the figure below. It appears that the return of the former, namely +11.43%, is 

significantly higher than the latter which is +1.92% as shown in Figure 1.2. 

 

Figure 1.2 Source: www.awealthofcommonsense.com 

In this cycle it seems that the US stocks are outperforming the European ones. It is 

worth to mention however that in the period 2007-2008, European stocks were 

outperforming the US stocks by almost 11%. This is a sign that the trend can go the 
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opposite way as well, as cycles change. To sum up, apart from the historical reasons 

that connect Europe with trade and investment, it is clear that the economic and 

political crisis has created opportunities for investors. 

Given the aforementioned arguments, portfolio managers and investors need to realize 

the relative risks and return tradeoffs, when they include European stocks in their 

portfolios. They are looking for financial models that quantify risk and turn it into 

predictions of expected return on equity (Mullins, 1982). Hence, the correct asset 

pricing model should be used in order to explain the portfolio returns and therefore 

lead to rational investment decisions. The asset pricing models include risk factors 

which have an impact on stand- alone stocks. If those factors are analyzed, they can 

lead to the right selection of stand- alone stocks that can form a portfolio. Thus, using 

the correct asset pricing model is extremely important in the conduction of investment 

and financial decisions. 

Throughout history different pricing models were used to determine expected returns 

on securities. In 1964, the Capital Asset Pricing Model was introduced. Stocks that 

outperformed the market had higher beta coefficients and therefore higher risk and 

return (DeMuth, 2014). Next, Fama and French introduced a multi factor model by 

adding two more factors in the CAPM. Even though the Fama French three- factor 

model brought important improvements to the single factor model, it could not 

explain anomalies which relate to investment and profitability (Valuewalk, 2015). In 

2015, Fama and French constructed a 5 factor model by adding profitability and 

investment to the risk factors, a model that, according to them, explains better the 

expected returns. Their analysis showed that the value factor HML is redundant when 

put together in the same equation with profitability and investment. Therefore, the 

four-factor model that drops the HML factor and the five-factor model have the same 

explanatory power with regards to average returns. This analysis was conducted in the 

US market for a specific time period. 

In reality, the existing academic literature has not valuated the Fama & French five- 

factor model in the broader European market. Therefore, the current study is made to 

fill that gap as it demonstrates the validity of the 5 factor (FF5) model in the European 

market while at the same time comparing it with the 3 (FF3) and the 4 (FF4) factor 
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model. Lastly, a comparison between the results in the European and American 

market will be described.  

The empirical results of the current paper show evidence that the HML and SMB 

factors may also turn redundant for the EU market, for the period 1991 to 2015. 

1.2 Problem formulation 

 

Since the topic and relevance have been introduced, the problem for this paper should 

be formulated. Shortly, this study investigates the answer to the following research 

question: 

Which recommendations could be given to the potential investors in the European 

Union area based on the Fama & French 3 & 5 factor model testing? 

For answering the aforementioned research question we need to answer several sub 

questions first, namely: 

 Which are the opportunities that make the European area worth investing? 

 What is the theoretical framework within the CAPM and Fama French 3 & 5 

factor models? 

 What is the historical performance of the models above within the US market? 

 What is the performance of FF3 and FF5 regarding their ability to explain the 

expected returns in the European Market? 

 Are there similar empirical results between the testing of the models in the US 

and in the European market? 

 Which are the limitations of this empirical study? 

 What recommendations could be given to potential investors in the European 

market based on the empirical analysis? 

1.3 Delimitation 

 

Even though there was an intention in investigating the variations of stock returns 

within Europe in a holistic approach, the analysis includes certain delimitations. 

Firstly, there is assumption of efficient markets. The efficient market hypothesis, 

conducted by Eugene Fama in 1970, states that the asset prices completely reflect all 
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the available information in the market (F.Fama, 1970). Without assuming efficient 

markets, multi-factor asset pricing model testing has no use. In particular, the models 

included in the empirical analysis are the Fama- French 3 & 5 factor models. This 

study will only concentrate on the models described by Fama and French in their 

papers (1993, 2015) and not on other models which include different risk factors, for 

instance, the Momentum Factor (Carhart, 1997). Also, tests on the efficiency of the 

selected market will not be part of this study. 

Another delimitation lies in the number of countries included in the study. The 

European Union and its 28 countries is chosen as a proxy for the European market as 

its members share common political and economic values with a view for further 

integration. The European countries which do not belong to EU were excluded 

because they do not officially trade in the same legal and economic framework. Also, 

their sample is very small and their figures available when it comes to 1990’s are 

limited, thus, even if they were included, the empirical results’ trend should not have 

changed. On top of that, this study takes into consideration only the companies that on 

a yearly basis had all the financial markets and accounting data available. The 

timespan of the research is limited to the period between 1991 and 2015. 

Lastly, since the analysis is based on asset pricing models which only include 

variations of stock returns, derivatives or other products will not be discussed. 

1.4 Structure 

 

The purpose of the current study is to answer the aforesaid research question and sub 

questions. To do so, the paper is structured in seven sections. The first part includes 

the introduction, which discusses the topic and its relevance. Problem is formulated 

and the relevant sub questions were defined. Moreover, the scope of this paper is 

drawn. The second section includes the definition of the market that the empirical 

analysis is based on. It begins with historical events that defend European Union’s 

level of integration. Reasons for the selection of the sample and relevant exclusions 

are also outlined. The third section intends to view European Union from the eyes of a 

potential investor. It discusses the opportunities that lie within the EU area but also 

the hidden threats. That may help the reader understand the potential advantages or 

disadvantages that lie when selecting Europe to invest. This part concludes that, based 
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on financial markets, business cycle theory and historic reasons, Europe offers great 

investment opportunities. However, what really interests investors when they make 

decisions is the value of the invested asset and thus, the correct asset valuation 

method. The study continues by introducing the tools for the correct asset pricing. 

Section four navigates the reads into the conceptual framework within the asset 

pricing models. In particular, CAPM, Fama & French three- and five-factor models 

are described in order to set the theoretical ground for the empirical analysis. Next, in 

Section 5, there is a short description of the characteristics of the dataset and the 

process followed. It continues with the empirical analysis, where the explanation of 

expected returns is tested and the validity of the models selected is investigated for the 

EU, French and the UK market. The sixth section provides recommendations to 

potential investors and summarizes the findings of the study. Also, it gives the reader, 

the authors’ recommendations for future extensions to the paper. Lastly, the seventh 

section concludes the study with a brief summary. 

2. Definition of the Market 

 
The current study will mostly base its empirical analysis on the European Union 

market, which works as a good proxy for the European market as a whole. This 

section begins by describing some historical evidence, which proves that the 

European Union market can be considered as an integrated market and thus, the firms 

that consist the stock markets can be pooled in one group and can be analyzed all 

together. Next, the diversities between the country members are discussed. In the end, 

the section sums up by arguing about the reasons why the analysis is based on the 

specific market. 

2.1 The integration process of the European Union countries 

 

The European integration was a concept that emerged at the end of World War II. The 

idea was first expressed by many politicians and philosophers in the 1920s; however 

Winston Churchill was one of the first politicians to actively call for a creation of the 

‘United States of Europe’, as it was noted in his ‘Speech to the academic youth’ at the 

University of Zurich in 1946 (European Commission). The perception of integration 

accounted for a procedure of cultural, political, industrial, legal, social and economic 
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amalgamation among the countries of the European continent in order to establish 

peace and economic stability in the future.  

The creation of an internal single market and a monetary and economic union was 

implemented with the formation of the European Union (EU), which represents the 

latest phase of the European integration that began after World War II (Archick, 

2016). The EU today consists of 28 member states, all of which work together to 

establish common legislation and promote collective interests. Specifically, the 

development of the Single Market is one of Europe’s most important 

accomplishments with regards to economic integration (European Commission). 

Goods, services and capital are able to flow without barriers from country to country, 

which gives the opportunity for citizens, public authorities and enterprises to obtain 

them promptly and in lower prices. It also gives the opportunity for professionals and 

entrepreneurs to offer services and products and expand their businesses across the 

EU, without facing significant legal and economic obstacles. Furthermore, through 

the Capital Markets Union (CMU) is established in order to facilitate the capital flows 

within the EU. Capital markets integration among the member states of the EU 

provides lower cost of funding and establishes a stable financial system. This fact 

would provide an incentive for shareholders to invest more in a European rather than 

a national level.   

The EU incorporates also an Economic, Financial, Fiscal and Political Union 

(European Commision). Through them, as well as through a banking union, the 

stability and integrity of the euro is established. Each economy is able to be 

competitive within the Union but also within an international frame, since their 

economies are monitored and their competitiveness is assessed by the European 

Commission. Also, by establishing a common institutional and legislative framework, 

national governments are getting involved so as to promote the European interests 

within each member state.  

The European institutions have always been focusing on driving the EU to its greatest 

potential so that it experiences complete integration. However, during the last years, 

Europe has experienced several challenges, such as the global financial crisis and the 

euro area sovereign debt crisis. These caused a decline in the competitiveness of the 

European market in absolute terms but also compared to the US market, which was 
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ahead of the European for the last two decades. The competitive weakening of the 

European market was affected by the lack of innovation as well as new technology 

and know-how development in the member states (European Investment Bank, 2016).  

As Figure 1.3 demonstrates below, the EU members present a stable R&D spending 

activity, however their R&D spending intensity stays behind that of economies such 

as Japan and the United States. 

 

Figure 1.3: Gross domestic spending on R&D, total % of GDP. 

Source: OECD data, own contribution 

2.2 Diversity of the European Union market 

 

The previous subsection presented briefly the necessity for a European integrated 

market. The purpose of the integration stemmed from social and political purposes, as 

well as from a necessity for market competition among the countries of the union, but 

also within an international perspective. Nevertheless, the EU countries demonstrated 

several differences on an economic and capital market level. It would be precise to 

claim that the central mechanism of the EU is mostly driven by strong and persistent 

economies, followed by less performing countries, which also experience a more 

significant downfall after the financial crisis of 2008. 

The purpose of this section is to demonstrate the diversity that exists among the EU 

countries, with regards to economical and capital market dimensions. Firstly, specific 



14 
  

economical dimensions, as presented by the World Bank, as well as the International 

Monetary Fund (IMF) in its most recent World Economic Outlook, will be taken into 

consideration. Secondly, this section will take into account the dimension of domestic 

capital markets for market specification, as shown by investment services 

organizations such as Morgan Stanley Capital International (MSCI) and Financial 

Times Stock Exchange (FTSE). The latter focus is considered more interesting and 

relevant for the testing of Fama & French five factor return model within the EU. 

The IMF working paper presented by Lynge Nielsen showed that the World Bank 

classifies high-income countries as developed countries (Nielsen, 2011). On the other 

hand, low- and middle-income countries are labeled as developing. Taking into 

account the website of World Bank, where the classification criteria are presented, it 

is notable that the most significant criterion for economies’ classification is the Gross 

National Income (GNI) per capita (The World Bank). Furthermore, the International 

Monetary Fund categorizes, within its World Economic Outlook, all the countries on 

a global scale as advanced or emerging and developing (IMF, 2015). Key indicators 

as presented by the IMF are: per capita income, total exports of goods and services 

and population. In addition, the report refers to the degree of integration within the 

global financial markets. According to this, the IMF classifies the following EU 

countries as developed: Germany, France, Italy, Spain, Netherlands, Belgium, 

Austria, Greece, Portugal, Ireland, Finland, Slovakia, Lithuania, Slovenia, 

Luxembourg, Latvia, Estonia, Cyprus, Malta, the UK, Sweden, Czech Republic and 

Denmark. On the other hand, the remaining EU countries, such as Poland, Romania, 

Hungary, Bulgaria and Croatia, belong in the category of emerging and developing 

countries. 

2.3 Empirical Analysis reasoning for using EU as an integrated market 

 

Even though European Union is economically and culturally diversified, throughout 

the years it has achieved a high degree of integration. Apart from the clear historical 

bonding in terms of the values that the member countries share, such as respect for 

human rights, freedom, equality towards the law and democracy, European Union has 

also lifted the economic barriers that used to rise before. 
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The majority of the member countries have adopted the same currency, the Euro and 

therefore the national Central banks’ movements are disciplined by the European 

Central Bank. According to Farrukh Javed and Nader Virk (Javed & Virk, 2014), the 

European market as a whole has shown increased levels of integration after the 

adoption of the Euro. By estimating conditional volatilities and dynamic correlations 

using GARCH/DCC/ MIDAS methodology and realized variance as a proxy for long 

run variance, they conclude that after the Euro introduction, EU markets have 

converged significantly in the post Euro era than in the previous one. 

No barriers in trading, movement, competition, education and employment are signs 

of further integration. Obviously, the aforementioned acts are existing under a 

common regulation that all the country members should follow. Sharing of common 

values, free trade and discipline to legislation set the ground for advancing business in 

equal standards. Each company in the EU has 28 national markets and 500 million 

potential clients. This advances entrepreneurship, as small and medium businesses 

may penetrate into new markets and at the same time it allows large businesses to 

form economies of scale and scope by increasing the scale of production for a single 

product type and lower the average cost by producing more types respectively. All 

these arguments support the equality of firms in terms of market integration and easy 

penetration to different country members within the European Union area. Such 

arguments may lead to the safe assumption that the European Union area can be 

studied as a consolidated market.  

As a result, countries that do not belong in the EU were excluded, such as Norway, 

Russia, Albania, Montenegro, and Moldova. These countries do not share a common 

economic and legal framework in order to safely assume that they are part of a more 

integrated market. While discussing about integrated markets, we should mention that 

the Eurozone is clearly more consolidated than the EU. However, the sample of only 

19 countries was judged as limited and the research would suffer from a larger 

selection bias. 
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3.  An Investor’s perspective on the EU market  

 

After arguing about Europe being an integrated market, the discussion continues by 

outlining the investment opportunities that lie within the European Union area. 

Historically, Europe has been delivering high returns and during the period 2004- 

2008, its returns were even higher than the US returns. It is for the last eight years that 

EU has been underperforming and according to business cycles theory (Prescott, 

1982) this cycle may change in the future. In order to evaluate the performance of 

European stocks, however, the right asset pricing models should be employed by 

taking into account the trade-off between risk and return. After that, the paper 

discusses the opportunities that rise for potential investors in the EU market. It 

continues with showing a critique against investing in Europe and concludes with 

some final comments on the general attractiveness of the European Market. 

3.1 Historical returns performance in Europe and business cycles 

 

According to Arthur F. Burns and Wesley C. Mitchell (Burns & Mitchell, 1946) in 

their book, “Measuring Business Cycle”, business cycle is defined as a fluctuation in 

the economic activity that includes expansions, followed by recessions and revivals 

again. Another meaning given by Parkin, Powell and Matthews in 2005 discusses that 

business cycle is a cyclical but irregular up and down movement of the economic 

activity. In short, theories about business cycles converge to the point that a phase of 

recession is always followed by a phase growth. European economy follows that 

pattern too. It is clear from Figure 3.1 that Europe has left the phase of recession after 

2010. European returns measured by MSCI for the period between 2001-2008 used to 

outperform the World Index. It seems however that in the phase of the cycle after 

2008, Europe is underperforming. Intuitively, European stocks will eventually 

rebound to high performance standards again. As shown in section 1.1, which 

discussed the relevance of the topic, European equities also outperformed the US 

stocks for the period 2004-2008. 
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Figure 3.1 MSCI Europe 2001-2016, Source: MSCI.com 

As argued in the recent research published by the American Chambers in Europe 

(Quinlan, 2015), the EU has been the weak link of growth for the last eight years; 

however, it is considered to be a game changer. Currently, it is the largest economy in 

the world with respect to output. In 2014, the output of the EU aggregated to 25.4% of 

the world output according to IMF while America’s and China’s percentages account 

for 22.5% and 13.4%, respectively. The absolute number of the EU’s GDB compared 

to India and China can be seen below in Figure 3.2. Being the largest economy in the 

world also implies prosperity and high income per capita. Thus, firms which target 

wealthy economies have an obvious incentive to invest in Europe. 

 

Figure 3.2 
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3.2 Europe as an investment opportunity 

 

A crucial factor that can determine the attractiveness of the market is the currency 

exchange rate. As it is shown in the Figure 3.3, the Euro slumped about 10% against 

the US dollar and considering the ECB’s aggressive behavior on quantitative easing it 

is likely that there will be another drop according to MarketWatch (Sjolin, 2014). 

Intuitively, a weaker currency works for the advantage of the exporters as their 

products become cheaper for the potential customers. This intuition combined with 

the fact that European equity values are considered cheaper to the relative US ones- as 

discussed in the Relevance of topic 1.1- would probably imply further growth.  

 

Figure 3.3 

Moreover, in terms of investment outflows from the U.S angle, Europe is still the best 

destination for capital since the total direct investments of US dollars accumulate to 

almost 56% of the total outflows. Figure 3.4 illustrates the cumulative American 

investment outflows to Europe compared to the rest of the world beginning from 1950 

to 2014. 
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Figure 3.4 

As discussed previously, the economy of EU is stably recovering from the 2008 

shock. That happens in a more intensive way due to ECB’s Quantitative Easing 

program (QE). According to a research made by the Bank of England (Thomas, 

Bridges, & Ryland, 2012), QE tends to increase the broad money in the economy. 

Thus, demand will be triggered via lower yields and higher prices. Intuitively, both 

inflation and GDP increase. In other words, when the Central Bank buys securities 

from the private sector, personal consumption will be triggered and Gross Domestic 

Product will increase. Keynesian Economics also imply that unemployment levels 

will be reduced. That finding combined with the weaker currency and the lower 

energy costs would boost the export prospects (IMF, 2015) of EU and thus, the total 

output. 

Next, real organic growth in the high return emerging markets has been reduced as it 

is shown in Figure 3.5. Growth in Manufacturing Emerging Markets (EMs) has 

dropped to 2008 levels, Commodity EMs are almost zero while developed markets 

are slowly rising to 2%. Brazil and Russia are both in recession while China is 

slowing down the consumption boost that used to have the previous years. On top of 

that, investing in such markets is still more difficult than investing in the EU, since 

they are more immature and they suffer from poor infrastructure as well as high 

corruption. 
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Figure 3.5 Source: FT, JP Morgan: Emerging Advisor's Group, NN Investments 

Partners 

Another factor that attracts investment is regulation. The World Bank makes yearly 

reports and ranks the regulatory environment in 185 countries, a scaling that can 

clearly show the ease of doing business in certain areas. Empirical analysis has proven 

that better business regulatory environments, as they are defined by ease of business 

measure introduced by the World bank, are able to attract more direct foreign 

investments according to Corcoran & Gillanders. (Corcoran & Gillanders, 2012). U.S 

companies are mostly attracted by countries that have company friendly regulations 

and are giving up areas with poor regulatory environments. In particular, fifteen out of 

the top twenty-five best regulatory environments belong to EU. Regulations may 

concern property rights, the speed of opening a business, labor agreements, cross- 

border trade etc. The ranking is included in the following table (Figure 3.6): 
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Figure 3.6 

According to the American Chambers in Europe, innovation is another factor that 

triggers growth, apart from regulation. Fundamentally, there are two ways of 

increasing the output of an economy. The first is to increase the inputs that will be 

driven to the productive process. The latter is to find new ways to increase the output 

without changing the original number of input. In other words, to innovate. According 

to Stanford Professor Nathan Rosenberg, innovation in sectors like technology or 

tourism may have a positive result in the output of an economy (Rosenberg, 2004).  

As the reader can see in Figure 3.7, Europe is the leader in talent creation with respect 

to science and engineering. According to the National Science board, 15.3% of the 

total engineering graduates were following education in Europe while only 3.3% were 

studying in American Universities. When it comes to industries, the EU is the leader 

in aerospace, pharmaceuticals and high-technology industry. Apart from that, Europe 

remains the largest exporter of services that involve commercial knowledge. 
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Figure 3.7 Source: American Chambers in Europe 

According to Financial Times (Cotterill, 2016), growth equity investments like Uber 

or Airbnb accumulated to 6.5 billion Euros in 2015, which is an 11% increase 

compared to last year’s figures. Entrepreneurship grows larger in Europe as it enjoys 

the share of lucrative companies that have evolved from being start-ups. It seems that 

foreign investors have been active in investing in growth equities. Warburg Pincus 

and General Atlantic, which are US private equity groups specializing in growth 

equity, have increased their penetration in the EU market. 

When opportunities are discussed within the EU area, the European periphery should 

not be excluded. The EU is a unique blend between developed economies, namely the 

EU- 15, and emerging economies, the EU- 13. In particular, the latter group consists 

of countries that joined the Union mostly during the last decade with Croatia being the 

most recent example. Therefore, a potential investor has increased options in terms of 

market opportunities, revenues and recourses while at the same time can enjoy the 

lower costs of doing business within emerging markets.  

According to figures that were captured by the American Chambers in Europe report 

(2015), unemployment rates are decreasing in the emerging economies, while there is 

rise in salaries and the aggregate demand is soaring. In 2013 consumption 

accumulated to 2.8 trillion dollars and rose to 3 trillion dollars in 2014. On top of that, 

when compared to China and India, EMs in Europe spend as much as the former and 

easily outperform India’s figures. The aforementioned could be viewed in Figure 3.8. 
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Unfortunately, there is no academic literature that can prove if there are 

diversification benefits between the developed and emerging European economies. 

This topic will be shortly introduced in the following subsection. 

 

Figure 3.8 Source: American Chambers in Europe 

3.3 Critique on Investment opportunities within EU 

 

In spite of the opportunities that were discussed in the previous section, investment in 

Europe has been under serious critique. Europe has been hit by the economic crisis 

and its recovery is still very slow. In the current paper this dimension of investment 

barriers will not be discussed. In this section, the stock correlation within the different 

European economies and the one between the EU and the USA will be outlined. 

According to Fama and French (2015), European integration serves well in testing 

asset pricing models. However, it comes at a cost, which is the reduced diversification 

benefits due to higher correlation between the country members. (Erdogan, 2009). As 

it is known, low correlations are very attractive for investors because if a portfolio 

consists of assets that have low correlation among each other, then the total volatility 

of the portfolio is reduced  (Markowitz, 1991). In his working paper, Burcu Erdogan 

investigates the existence and the levels of convergence between five main European 

stock markets. Namely, the German, French, Dutch, Irish and UK markets in six 

different industries. He concludes that there is an increasing degree of integration both 

on aggregate market level and on an industry level. Another study on twelve EU 



24 
  

emerging markets made by Edith Cowan University (Allen, Golab, & Powell, 2010) 

suggests that the diversification benefits appear to be reduced since there is increased 

correlation among them. 

Diversification benefits seem very limited even when portfolios include assets both 

from European and the American market. Stuart Hyde, Don Bredin and Nghia 

Nguyem investigated the correlation dynamics in thirteen equity markets of Asia- 

Pacific, Europe and the USA by using the asymmetric dynamic conditional 

correlation GARCH model. Their analysis concluded that there is evidence of wide 

variation of correlation through time (Hyde, Bredin, & Nguyen, 2006). Conditional 

correlations are deviating significantly from the unconditional correlations. Also 

according to their study, equity correlations between Europe and USA tend to 

increase in the periods of crises. 

Even though diversification opportunities are limited within the EU area, they are not 

extinct. Gimore and McManus conducted a study regarding international portfolio 

diversification in which they included US and Central European equity markets 

(Gilmore & McManus, 2002). They investigated short and long term relationships 

between US and three Central European markets. They found that there are very low 

correlations among them. They run Johansen cointergration and Granger causality 

tests. The former showed that there is no long term relationship while the latter 

revealed a causality running from the Hungarian to Polish economy. However, there 

was none with the US. In its conclusion, the study suggests that an investor can obtain 

diversification benefits when investing in a portfolio with a combination of US and 

Central European stocks. 

To summarize, there are numerous reasons why investors would consider Europe as a 

profitable area to invest. As discussed above: 

 Europe is on rebound coming back from the 2008 financial crisis 

 The economic environment in emerging markets is unstable and still investing 

in Europe is considered safer 

 Regulation policies are proven investment friendly 

 Entrepreneurship is emerging in Europe and on this stage, EU is enjoying the 

benefits of companies which have escaped the startup stage 
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 Periphery, aside from its high risk, it is still considered an attractive 

destination for investments 

 Diversification between US and Central European markets can be successfully 

achieved since this relationship has low correlation 

However, the whole diversification concept does not seem to work neither within the 

European economies nor with the US and Europe when taken together since they are 

highly correlated. To conclude, since the reasons why investors should turn to Europe 

are outlined, in the following section, the theoretical framework of rationale behind 

investing will be introduced. That is, the asset pricing models which will eventually 

help a potential investor to take profitable investment decisions. 

4. Asset pricing models 

 

The scope of this section is to present the most relevant equity asset pricing models 

used in literature to explain average stock returns. Its relevance lies in the fact that the 

authors needed to form hypotheses and expectations regarding the method used as 

well as the interpretation of results of the final model being tested.  

First, this paper will provide a brief historical introduction regarding these models. 

Specifically, these are the CAPM, the Fama French three-factor model and the Fama 

French five-factor model and they will be presented with this order. Second, a review 

of the empirical performance of these models will be displayed. The review is based 

on their performance within developed, frontier and emerging markets. This section 

will present major papers and findings regarding the implication of the models. 

4.1 The Capital Asset Pricing Model 

 

The CAPM was developed and introduced by Sharpe (1964), Lintner (1965) and 

Mossin (1966) and was based on the modern portfolio theory developed by Harry 

Markovitz in 1952. The model provides a description of the relationship that should 

be observed between the required rate of return for an asset and its sensitivity to 

market risk (Bodie, 2014). The sensitivity of the asset to the market risk, or else 

stated, the systematic component, is measured by the risk measure beta. Specifically, 

the beta estimates the volatility of the asset compared to the market portfolio, which 
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consists of all investable assets. The beta is needed in order to calculate the expected 

rate of return of the asset. Beta is calculated by the following equation: 

𝛽𝑖 =
𝑐𝑜𝑣(𝑅𝑖,𝑅𝑀)

𝜎2(𝑅𝑀)
  

Where: 

𝑅𝑖=Return on asset i  

𝑅𝑀=Return of market portfolio 

𝛽𝑖=beta of asset  

 

The market portfolio has a beta of 1 and investors require higher return for assets 

which beta is higher than one, since that means that they are riskier than the market 

portfolio. Therefore, the compensation given to the investors is the market risk 

premium, which amounts to the difference between the market portfolio return and 

the risk free rate. The formula displaying the calculation of the assets’ expected return 

according to the CAPM is the following. 

𝐸(𝑟𝑖) = 𝑟𝑓 + 𝛽𝑖(𝐸(𝑟𝑀) − 𝑟𝑓)  

Where: 

𝐸(𝑟𝑖)=Expected return of asset i 

𝐸(𝑟𝑖)=Expected return of market portfolio 

𝑟𝑓=risk free rate 

𝛽𝑖=beta of asset i 

The model also includes the risk free rate on the right hand side of the equation, 

denoting the risk time value of money that the investor faces, apart from the market 

risk premium. 

The CAPM has received a large amount of critique over the time and there are many 

alternative models proposed over it (Blanco, 2012). Before moving on with the 

extensions of the CAPM, it is important to note that although academics have 
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developed more complex models than CAPM to explain returns, the model is 

preferred by the financial industry (Bodie, 2014).  

4.2 The Fama French three factor model 

 

The first paper published by Fama and French in 1992 questioned the power of the 

Asset-Pricing Model of Sharpe (1964), Lintner (1965) and Black (1972), in a sense 

that market β seemed not to be the only variable that sufficiently explains the cross-

section of average stock returns. Fama and French’s research utilizes previous 

analyses on other factors, apart from market β, which are related to the explanation of 

average stock returns. The most outstanding contradiction to the CAPM was 

introduced by Banz (1981) as the size effect. The size effect is based on the market 

equity, which is described as a stock’s price times shares outstanding. Given the β 

estimates of the stocks, average returns for low market equity firms or small stocks 

are higher than respective returns for high market equity or big stocks. 

Fama and French document three more factors that are related to average returns. 

These are leverage, ratio of firm’s book value of equity to its market value of equity 

(B/M) and earnings-price ratio (E/P). There is a positive relation between leverage 

from one side and risk and expected return from the other side. Nevertheless, although 

the leverage effect could be captured by the market β, the cross-section of average 

stock returns is more efficiently explained in tests that include debt-to-equity ratio of 

the firm, size and market β (Bhandari, 1988). Average return and B/M are positively 

related according to Stattman (1980), Rosenberg, Reid and Lanstein (1985). E/P ratios 

are also expected to provide a better comprehension of the cross-section of average 

stock returns in tests that contain also size and market β as factors (Basu, 1983). Fama 

and French, in their paper, intend to estimate the joint relationship of all the above 

mentioned factors with average stock returns, testing regression models on NYSE, 

AMEX and NASDAQ stocks.  

Their findings are considered a prominent contradiction to the Asset-Pricing Model of 

Sharpe (1964), Lintner (1965) and Black (1972). More specifically, although the 

CAPM proves a positive relation between stock returns and market β for the pre-1969 

period, Fama and French prove that for the period 1963-1990 the market β alone is 

not a sufficient factor to determine average stock returns. Moreover, they prove that 
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size and B/M, as additional factors to the market β, are the most sufficient to be used 

in a regression model, as they capture all the effects of the leverage and E/P factors on 

the average returns, making the latter redundant for the period 1963-1990. 

Furthermore, their model and the formation of portfolios which test it, are based on 

research results that value stocks tend to outperform growth stocks and small cap 

stocks outperform large cap stocks. They also provide arguments on the existence of 

the above mentioned outperformance, which relates either to market efficiency or 

inefficiency. Taking market efficiency into account, the outperformance takes place 

since small cap and value firms require higher cost of capital and possess more 

significant business risk.  

On the other hand, market inefficiency implies mispricing of this type of firms by the 

market participants. They describe the size factor as the return on a diversified 

portfolio of stock stocks minus the return on a diversified portfolio of big stocks. The 

value factor represents the returns on diversified portfolios of high B/M stocks minus 

returns on diversified portfolios of low B/M stocks. 

The proof and importance of the value premium is also emphasized by Fama and 

French in 1998. In their paper, they form global portfolios of high and low book-to-

market stocks for the period 1975-1995. Their results demonstrate that high book-to-

market or value stocks have higher returns than low book-to-market or growth stocks 

on a global level.  They prove that similar value premiums exist for portfolios of high 

earnings/price, cash flow/price and dividend/price, since they are also considered 

value stocks portfolios by investment managers. Their data is based on returns on 

market, value and growth portfolios in the United States as well as in twelve major 

markets from Europe, Australia and the Far East (EAFE). They also perform 

regression tests for country specific portfolios, although they are less diversified than 

global portfolios, and thus the test results will be noisier. The most significant 

conclusion of the paper is that a two-factor global model, which includes the world 

market factor and the world book-to-market equity factor, is a more sufficient model 

to explain the cross-section of international stock returns than the world CAPM. 

The Fama French three factor model is shown below: 

𝑅𝑖𝑡 − 𝑅𝐹𝑡 = 𝑎𝑖 + 𝑏𝑖(𝑅𝑀𝑡 − 𝑅𝐹𝑡) + 𝑠𝑖𝑆𝑀𝐵𝑡 + ℎ𝑖𝐻𝑀𝐿𝑡 + 𝑒𝑖𝑡  
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The analysis of each component will be presented in the next section, since this study 

also tests the three factor model for the European market. 

4.3 The Fama French five factor model 

 

The Fama French five factor model was introduced in 2015 after a paper published by 

the authors, in which they test the model with data from the United States for the time 

period 1963-2013. Apart from size and book-to-market equity, they included 

profitability and investment as two additional factors. These new factors derive from 

the price of the stock, thus they are adequate to explain stock returns. Furthermore, 

testing the five-factor model yields better results than the firstly introduced three-

factor model. Fama and French’s research is based on previous findings from Novy-

Marx (2012), which indicate a strong relation between expected profitability and 

return. It is also based on Aharoni, Grundy, and Zeng (2013) research, which indicate 

a statistically significant relation between investment and average return. However, 

the three-factor model was not adequate to capture the effect of the two additional 

factors, so a new model had to be derived. 

The profitability factor derives from the difference in returns on diversified portfolios 

between stocks with robust profitability and stocks with weak profitability.  In 

addition, the investment factor represents the returns on diversified portfolios of 

conservative firms minus the returns on diversified portfolios of aggressive firms. 

Conservative firms are considered those which demonstrate low investment whereas 

aggressive firms show high investment tendencies. 

The main conclusion of the authors after testing the five-factor with US data for the 

specific time span is that the value factor becomes redundant. This constitutes a 

significant finding since the average return can be fully explained by the four other 

factors and therefore, a four-factor model which ignores the effect of the value 

premium is able to perform at the same level with a five-factor model.  

The Fama French five factor model is shown below: 

𝑅𝑖𝑡 − 𝑅𝐹𝑡 = 𝑎𝑖 + 𝑏𝑖(𝑅𝑀𝑡 − 𝑅𝐹𝑡) + 𝑠𝑖𝑆𝑀𝐵𝑡 + ℎ𝑖𝐻𝑀𝐿𝑡 + 𝑟𝑖𝑅𝑀𝑊𝑡 + 𝑐𝑖𝐶𝑀𝐴𝑡 + 𝑒𝑖𝑡       

The analysis of each component will also be presented in the next section, since the 

main purpose of this study is to test the five factor model for the EU market. 



30 
  

4.4 Performance analysis of Fama French three factor model in the international 

markets 

 

The research for this paper is based on the literature regarding Fama and French’s 

findings and conclusions after testing the three and five factor model in the US market 

as well as in several other markets. The two models have been broadly applied and 

tested in order to explain stock and portfolio returns by a significant number of 

academicians throughout the years. Nevertheless, the five factor model is a recently 

introduced concept and thus worldwide testing is limited compared to the three factor 

model. 

This section will focus on the general empirical overview and results of the three 

factor model, starting with an overview of its performance on developed markets. 

Apart from the developed market of the United States, this study will present tests of 

the model in New Zealand, Australia, the United Kingdom and Japan. The analysis 

will assist on creating expectations for the outcomes of this study. 

Although Fama and French prove that the CAPM performs poorly in the US 

compared to the three-factor model, tests in Australia questioned the validity of the 

three factor model. For example, the research of Halliwell, Heaney & Sawicki (1999) 

on the Australian stock market is partially in line with the results of Fama and French. 

Specifically, although they recognize a significant size effect, their study rejects the 

possibility of a strong value effect as described by Fama and French. While Halliwell, 

Heaney & Sawicki used data from the 1980’s, more recent studies came to support 

their findings. Using data from the 1990’s, Gharghori, Chan & Faff (2006, 2007), and 

Faff (2001) report that the traditional CAPM performs poorly within the Australian 

stock market. However they confirm that the value factor disappears. In fact, SMB is 

the only explanatory factor in Australia. Also, Faff (2001) reports a negative risk 

premium for the size factor. Nevertheless, Tim Brailsford, Clive Gaunt, and Michael 

A. O'Brien (2012) conduct a more recent study, using a broader time span and more 

efficient methods in collecting data. In a series of tests, the three factor model is found 

to be superior to the CAPM; however, neither model is able to fully explain the time-

series variation in portfolio returns.  
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Evidence from New Zealand demonstrates that the validity of the models depends, on 

a large scale, on the time period and the sample being tested. Bryant and Eleswarapu 

(1997) and Vos and Pepper (1997) confirm the presence of the value effect in the 

New Zealand stock market. The former, used data from 1971 to 1993 and they 

showed that market betas do not have sufficient power to predict returns, while there 

is a positive relationship between returns and B/M and a size premium for small 

firms. The latter also found a positive B/M effect using data from 1991 to 1995. 

Nevertheless, Li and Pinfold (2000) report negative B/M by testing the time period 

1995-1999. 

Regarding the validity of the three factor model in the United Kingdom, Gregory & 

Michou, (2009) found that the three factor model displays higher explanatory power 

than the CAPM to explain past returns. However, the slopes of SMB and HML vary 

through time and the out of sample results for both models seem counterintuitive. In 

Japan, Daniel, Titman & Wei (2001) found that both CAPM and Fama French three 

factor models offer imperfect explanations regarding the cross-section of stock 

returns. In addition, their tests in the 1975 to 1997 period reject the three-factor 

model. 

Regarding the performance on the model in frontier markets, there is empirical 

evidence from Croatia. Denis Dolinar (2013) shows that, the model indeed performs 

better than the CAPM in the Croatian market. On the contrary, size and B/M factors 

do not always appear to be significant, but they tend to capture small variations in 

stock returns. Also, the relation between average return and beta was examined in 

Bulgaria, however using a small sample of stocks. The results indicate that the CAPM 

has little power in describing the behavior of the Bulgarian stock prices. In addition, 

size appears to be a significant factor explaining variations in Bulgarian equity stocks, 

whereas the B/M equity disappears. Lieksnis (2011) tested the performance of 

multifactor asset pricing models in the Baltic countries, which are Latvia, Estonia and 

Lithuania. The author reports that the three-factor model has more explanatory power 

than the CAPM and all three factors are significant in explaining average returns. 

Thus, in the Baltic stock market, investors should follow closely the size and B/M 

factor and rebalance their portfolio frequently in order to make profits. 
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Lastly, it would be interesting to make a brief reference to research studies that deal 

with emerging economies. Firstly, there are validity tests of the three factor model in 

Turkey and specifically with regards to Istanbul Stock Exchange for the period 2003 

to 2010. The results are interesting, in the sense that both the size and value effects 

disappear for the sample for this specific period of time. Specifically, portfolios of 

large firms outperform portfolios containing microcaps. Also, portfolios containing 

growth firms display higher excess returns than portfolios containing value firms. 

Moreover, the size factor is inefficient in explaining average return variations of big 

firms; however, it has explanatory power for small and medium-sized companies. In 

general, the study does not confirm a strong validity for the Fama French three factor 

model.  

Drew & Veeraraghavan (2002) conducted research in Malaysia and they found that 

the size and value factor exist and they play a significant role in tests conducted to the 

Kuala Lumpur Stock Exchange. Thus, the Fama French model proves to be an 

accurate model within this market. The same authors also test the performance of the 

three factor model within the stock markets of South Korea, Hong Kong and the 

Philippines, yielding the same results as with the Malaysian market. Therefore, the 

three factor model containing the size and B/M factor outperforms single-index 

models such as the CAPM. Research in the Indian stock market also underlines the 

stronger explanatory power of the three factor model comparing to the CAPM and the 

significant role of the two more factors added (Taneja, 2010). 

Nevertheless, on a later study, John Griffin tested both country and global versions of 

the Fama French three factor model and he reached the conclusion that the country-

specific version better explains international stock returns (Griffin, 2002). Although 

Fama and French indicate that country versions of the models allow for more pricing 

errors, Griffin demonstrates the opposite. Furthermore, after breaking down the world 

factors into domestic and foreign components, he proves that the addition of foreign 

factors to the domestic factors leads to less precise pricing of the stocks, both in an in-

sample and out-of-sample basis. Therefore Griffin’s article focused on three versions 

of the original Fama-French model: the world factor model, where the factors are 

calculated as a value-weighted portfolio of domestic and foreign factors, the 

international factor model where foreign and domestic factors have a different effect 

on stock returns and the domestic version where foreign factors have no impact and 
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the returns are driven only by foreign factors. At this point it is important to mention 

that after testing the null hypothesis that the intercepts are jointly equal to zero, all 

three versions were rejected. Nevertheless, the domestic version prevailed in 

explaining the time-series variation of stock returns compared to the world model and 

demonstrated less pricing errors. 

To sum up, there is mixed evidence regarding the power of the multifactor model 

presented by Fama French in different markets on a global scale. Although the model 

seems to be still an imperfect prediction tool for stock return variation, it is evident 

that it has at least more explanatory power than the traditional CAPM. 

4.5 Performance analysis of Fama French five factor model in the international 

markets 

 

The performance overview of the five factor model is the most useful and important 

input for this study. It would be handy to have a benchmark from previous research in 

order to understand the limitations and expectations of this paper. Also, the historical 

results of its performance should be compared to the results of this study. The 

comparison would be significant specifically for the European market, since it would 

provide a useful tool for the evaluation of our results. 

As mentioned before, it represents a new concept and therefore global testing is 

limited compared to the CAPM and the three factor model. In fact, the only 

international evidence of the model is shown in a draft paper of Fama and French in 

December 2015. 

In this paper, Fama and French aim to test the validity of the five factor model in an 

international scope. In addition, they intend to test if all factors are adequate at 

explaining stock returns. Therefore, the authors choose to test the newly introduced 

model in the following areas: North America, Europe, Asia Pacific and Japan. They 

combine 23 markets into these four regions in order to achieve high degree of 

diversification within the left hand side portfolios of the regression model. The time 

span used for their analysis this time is from July 1990 to October 2015, which is 

almost the same as the time period used for our study. In order to avoid selection 

biases, they extract return and accounting data from three different databases: 

Bloomberg, Datastream and Worldscope. Their sample consists of only developed 
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markets. Specifically, North America comprises of the United States and Canada; 

Asia Pacific includes Australia, New Zealand, Hong Kong, and Singapore; finally 

Europe consists of 16 developed markets including Austria, Belgium, Denmark, 

Finland, France, Germany, Greece, Ireland, Italy, the Netherlands, Norway, Portugal, 

Spain, Sweden, Switzerland, and the United Kingdom.  

It would be important to note that their European sample differs from the sample 

chosen for the purpose of our study. In fact, they base the country choices within each 

region in two factors. Firstly, they aimed to establish market integration in each 

region. Regarding Europe, they selected countries that are members of the European 

Union, but also included others (e.g. Norway) that have close market interaction and 

share the same market characteristics as the EU ones. Secondly, with an aim to 

increase the power of the tests, the authors limited the sample into only developed 

markets and thus, they managed to avoid including a large number of countries for 

each region.  

Apart from regional portfolios, the authors combine the regional stocks in order to 

create and test global portfolios. However, as found by the Fama and French (1993) 

three factor model, a global version of the new model fails again to explain returns in 

an international level.  

The important finding of their international study lies in the factor spanning tests. 

Specifically, it lies in the regression of each factor’s return to the returns of the other 

four factors for each region. Although the first test of the five factor model by Fama 

and French resulted in the redundancy of the value factor, this time the factor is 

important for describing average returns not only in the US, but also in all the other 

regions. The main reason behind this conclusion is that in this specific study, the time 

span changes and so, there is a probability that the HML result will change as well. 

Also, this study includes Canada in the sample. In fact the intercept of the HML 

regression for the North America region turns negative and significant. That briefly 

means that the rest of the factors display positive and significant slopes and as a result 

they are more than adequate to capture all the average positive return of the HML 

factor. Seen from the eyes of an investor, investing in this a factor and one or more 

from the others, would result in greater diversification and hedging. 
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The rest of the section will focus only on the results found by Fama and French for 

the European region. Average stock returns for their European sample move 

positively with the B/M ratio and profitability, but negatively to investment. However, 

this positive relationship gets weaker for portfolios of big stocks. Last, although the 

SMB factor seems redundant according to factor spanning tests, in the end the CMA 

factor turns redundant, not only for the European region but also for Japan and Asia 

Pacific. 

5. Methodology- Empirical Analysis 

 

CAPM and Fama French 3 and 5 factor models were presented in the previous 

sections. However, uncertainty remains regarding their ability in explaining the 

relevant portfolio returns in the European market. The current paper will concentrate 

on Fama French 5 factor model and its validity in explaining portfolio returns. 

However, a comparison will be made between the other models in order to conclude 

to the model which can explain better the returns in the European Union market. 

Specifically, the empirical analysis is structured as followed. Firstly, the dataset and 

variables will be introduced to validate the sample base of the analysis. Secondly, the 

authors will describe the study and dataset limitations. Next, process, methods and 

tools will be described starting from the raw data collection, continuing into the 

clearing of the dataset and concluding in the regression analysis. To the support of 

that, a diagram will illustrate the whole process. In the following section summary 

statistics regarding returns, performance and accounting data will be represented. 

Finally, empirical study results will be outlined, accompanied with tables regarding 

the validity of Fama- French 5 factor model compared to other Fama-French models, 

while comments on the importance of factors will be also made. 

5.1 Dataset description and variables 

 

For the purpose of the empirical study, stock prices and accounting information were 

used, selected from the 28 countries of the European Union as Figure 5.1 illustrates. 

In particular, our sample includes data for Austria, Belgium, Bulgaria, Croatia, 

Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, 

Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, 
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Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and United Kingdom. 

On aggregate, the sample consisted of 16,070 European companies. The data was 

retrieved from the financial Database Thomson Reuters DataStream in April 2016 

including data from January 1990 to July 2015. The intention was to go as far back in 

time as the number of available information was available. That includes the number 

of companies available and the number of observations per company available. 

Considering that, the period 1991-2015 was selected for the analysis. Monthly figures 

were chosen instead of daily with a view to decrease the noise in the sample. Hence, 

the following monthly extracts were made. Firstly, Total Returns, Book Value, 

Market Value of outstanding stocks, Operating Income - excluding interest expenses-, 

Interest Expenses and Total Assets were extracted. The risk free rate used was the 

price of an EU- MARK 1-month deposit middle rate (BD EU-MARK 1M DEPOSIT 

(FT/TR) - MIDDLE RATE) and for its calculation the following formula was used: 

 

𝑟𝑓𝑡 = (
1+  𝑃𝑟𝑖𝑐𝑒 𝐸𝑛𝑑 𝑜𝑓 𝑚𝑜𝑛𝑡ℎ 𝑡

100
)

1

12 − 1       

We denote as t, the number for a particular month. For instance, for January we have 

t=1, for February we have t=2 and so forth. We extracted the specific risk free rate as 

we believe that the German economy and hence, its figures are the most 

representative for whole Europe from the eyes of a European investor. 

The next step was to cleanse the dataset. That step comes in 3 stages: 

First, the Total Returns cleansing. As it is known, in Thomson Reuter’s DataStream 

suffers from two significant flaws. The first is found when a company stock stops 

existing for any reason. In that case its Total Return remains the same until the end 

period of extraction. Of course this creates a serious bias in the analysis and therefore, 

these problematic returns were cleaned from our dataset.  

Another flaw that was encountered was the numerous “errors” in the names of 

companies. In that case, the fallacious companies were cleaned from the Total Return 

extract and the same logic was followed regarding cleaning all the others too. Figure 

5.2 presents the final number of companies used. For all the countries except UK we 

used the Datastream filter for country, set as “stock exchange” the local stock 

exchange and as “currency” the local currency in case that the relevant country is 



37 
  

outside the Eurozone and both local currency and Euro for the Eurozone members. 

For UK, Datastream was unable to capture all the relevant data with one search and 

hence, we made the search by industry criterion. In the end, all the industries were 

combined and they aggregated to 1630 companies. 

 

Figure 5.1 

 

The last stage of cleansing involves a yearly company data cleaning. The rebalanced 

portfolios which were created for every year should include companies that had all the 

relevant figures available. Therefore, for every year, only the companies that had 

accessible information were included. Figure 5.2 shows the number of companies that 

the selected portfolios contain each year. This means that for smaller markets like 

Cyprus, Bulgaria or Estonia, many observations do not fill our criteria for selection 

especially for the first years of our study, when data availability is generally limited as 

it can also be observed below. 
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Figure 5.2 

5.2 Data analysis process: Techniques, Tools and the Process Diagram 

 

After having all the data cleansed and available we built 4 variables which would 

eventually lead to the 5 risk factors on which the regression analysis will based. 

Firstly, out of the stock prices we calculated the monthly discrete returns using the 

following formula: 

𝑟𝑡 =
𝑆𝑡𝑜𝑐𝑘 𝑃𝑟𝑖𝑐𝑒𝐸𝑛𝑑 𝑜𝑓 𝑀𝑜𝑛𝑡ℎ 𝑡

𝑆𝑡𝑜𝑐𝑘 𝑃𝑟𝑖𝑐𝑒𝐵𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑜𝑓 𝑀𝑜𝑛𝑡ℎ 𝑡
− 1      

Again, t denotes a number of a particular month. 

Below, the calculations for each of the elements of the factors are shown below: 

1. Risk Premium (RM- RF): For the calculation of the risk premium, first we 

need to calculate the expected return on the market portfolio. That is done 

every year on a monthly basis by taking the weighted average of the returns of 

all stocks that are included in the formation of portfolios for a particular year.  

𝑅𝑀𝑡 − 𝑅𝐹𝑡 =
∑ (𝑟𝑡∗𝑤𝑡)

𝑛
𝑖=1

∑ (𝑤𝑡)
𝑛
𝑖=1

−  𝑅𝐹𝑡               

We denote as 𝑤𝑡the weight of a particular stock regarding the whole yearly 

portfolio value.Then we consolidated all the monthly returns on a timeline and 

we deducted the risk free rate as we described above. 
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2. Book-to-Market (B/M): For the calculation of B/M, we use the book to 

market ratio and we simply divide the book value of equity with the market 

value of equity as follows: 

𝐵𝑇𝑀𝑡 =
𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐸𝑞𝑢𝑖𝑡𝑦𝑡

𝑀𝑎𝑟𝑘𝑒𝑡 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐸𝑞𝑢𝑖𝑡𝑦𝑡
                

3. Profitability:  Profitability is calculated by subtracting the monthly interest 

expense figure from the monthly operating income figure. The difference is 

then divided by the monthly book value of equity figure. 

 

𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑡 =
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐼𝑛𝑐𝑜𝑚𝑒𝑡−𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠𝑡

𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐸𝑞𝑢𝑖𝑡𝑦𝑡
   

            

4. Investment: The last variable is the investment, which is calculated by 

subtracting the monthly figure of the total assets of month t-12 from the 

monthly figure of the Total Assets of month t and divided the difference by the 

former.  

 

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑡 =
𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑡−𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑡−12

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑡−12
                             

 

In the current paper, we followed the approach of Fama- French (1992, 2015), in 

which we sort the stocks by size and grouping them into homogenous portfolios. 

According to Fama- McBeth (1973), the most accurate way to determine risk factors 

is through using portfolios instead of stand- alone stocks. Thus, following that 

intuition, we created portfolios of stocks that we rebalance every year. The 

rebalancing is done every year at the end of June using accounting data from the end 

of the previous accounting year. This is done in case we have a different number of 

companies with available all the relevant figures. That is also done because 

companies develop over time, for instance when they issue new stock. Furthermore, 

this means that stocks can jump from one portfolio to another after the rebalancing is 

done. Having that in mind, we sorted the securities by size of market value of equity 

and categorized them into two groups, the “Big” and the “Small”, respectively.  
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The next step was to split these two groups in three subgroups. Thus, these two 

groups are double sorted and we end up with 6 portfolios. According to Fama French 

5 factor Model (2015), 3 double sorts are needed to be done. First in terms of Book to 

Market figure, from higher to lower, -stocks with higher book to market ratio to 

stocks with lower book to market ratio-. Then we continue with sorting with respect 

to profitability and investment following the same rationale. In the end, we have 

created 18 homogenous portfolios for the period 1991-2014. Due to the yearly 

rebalancing of the portfolios every year, the size of each portfolio is also dynamic in 

order to ensure the equal distribution of stocks among portfolios. 

After constructing the portfolios, we followed the methodology described in Fama- 

French (2015) in order to form the factors. In particular, we used the following table 

in order to create 2x3 sorts which we got from the aforementioned paper. 

 

Figure 5.3 Fama French (2015) 

To conclude this section, a diagram of the process described above was added, from 

the capturing of raw data to the portfolio formation and the regression analysis which 

will follow. In the next section, we will describe the characteristics of the constructed 

portfolios. 
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Figure 5.4 Process diagram 

5.3 Summary Statistics 

 

Figure 5.5 displays summary statistics for each double-sorted portfolio. Thus, we have 

included three sub-tables for the double-sorts of Size-Book-to-Market, Size-Operating 

Profitability and Size-Investment. For each portfolio within the double-sorts we 

demonstrate the average number of stocks included throughout the relevant time span. 

In addition, we display mean returns and mean size of the stocks included. For the 

sort of Size-Book-to-Market, the mean book-to-market ratio is displayed, whereas for 

the sorts of Size- Operating Profitability and Size-Investment we have included the 

average profitability ratio and the average investment ratio respectively. 
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Figure 5.5 

According to the above figure, the average number of stocks used for our portfolio 

samples is almost 23% of the initial data collected. There are two comments on this 

result. First, the selection of data was conducted with the use of a single database 

(Thomson Reuters DataStream) in order to avoid consistency issues that may have 

arose, with respect to data management and interpretation of accounting results from 

other databases. There would probably be a bigger sample in case more databases 

were combined. In addition, the authors intended to include companies that had all the 

useful data available for each respective year. This resulted in the elimination of a 

large amount of firms every year. 

The average return on European Union stocks is positive and amounts to 1.2% per 

month. Also, the average B/M (Book-to-market) ratio is positive and amounts to 4.1; 

the average profitability ratio is also positive and amounts to 5.5, whereas the average 

investment ratio is negative at -0.1. Small firms can be characterized as value firms 

more strongly than big firms. As shown in the figures, the average B/M ratio of a 

small value firm is 21.43, whereas the respective figure of a big firm is 2.03. In 

addition, big firms demonstrate greater profitability ratio than small firms (34.92 

Size- Book-to-market

Number of stocks Mean Returns Standard Deviation Mean size ('000 000) Mean book-to-market

P1 (30%) BHigh 548 0,92% 5,94% 6,49 2,03

P2 (40%) BNeutral 731 1,12% 5,19% 5,78 0,57

P3 (30%) BLow 548 1,47% 5,28% 5,31 0,16

P4 (30%) SHigh 548 1,13% 6,05% 0,03 21,43

P5 (40%) SNeutral 731 0,89% 5,19% 0,04 0,85

P6 (30%) SLow 548 1,78% 5,81% 0,05 -0,42

3655 1,2% 5,6% 3,0 4,1

Size- Profitability

Number of stocks Mean Returns Standard Deviation Mean size ('000 000) Mean Profitability

P1 (30%) BRobust 548 1,51% 5,32% 6,14 34,92

P2 (40%) BNeutral 731 1,20% 5,31% 5,35 0,09

P3 (30%) BWeak 548 0,78% 5,58% 6,25 -1,88

P4 (30%) SRobust 548 1,84% 5,87% 0,04 1,44

P5 (40%) SNeutral 731 1,23% 4,90% 0,04 0,03

P6 (30%) SWeak 548 0,60% 6,47% 0,04 -1,64

3655 1,2% 5,6% 3,0 5,5

Size- Investment

Number of stocks Mean Returns Standard Deviation Mean size ('000 000) Mean Investment

P1 (30%) BCons 548 0,94% 5,58% 5,39 -0,41

P2 (40%) BNeutral 731 1,12% 5,07% 6,79 0,06

P3 (30%) BAgg 548 1,46% 5,72% 5,07 0,30

P4 (30%) SCons 548 0,91% 6,18% 0,03 -0,73

P5 (40%) SNeutral 731 1,14% 4,96% 0,04 0,03

P6 (30%) SAgg 548 1,67% 5,88% 0,04 0,39

3655 1,2% 5,6% 3,0 -0,1
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compared to 1.44), while there are no extreme patterns between small and big firms 

regarding the investment ratio. 

As a general result, the average European firm in our sample is (a) a value firm (b) 

profitable and (c) conservative (the average investment ratio is negative). 

A brief comment can be added with regards to the risk-return trade off of portfolios of 

different sorts. Specifically, low B/M portfolios tend to outperform high B/M 

portfolios and at the same time, their returns display lower standard deviations. For 

example, portfolios of big growth stocks have average returns of 1.47% per month 

with standard deviation of 5.28%, while big value stocks have average returns of 

0.92% per month with standard deviation of 5.94%. The same pattern is observed for 

portfolios of small firms. Robust and aggressive firms tend as well to have a greater 

risk-returns trade-off than weak and conservative firms respectively in our sample. 

The individual mean returns of each portfolio should be analyzed more thoroughly in 

order to examine any similarity to the return patterns found by Fama and French 

(2015). For example, we intended to observe any size or value effects that were 

mentioned in the literature. Figure 5.6 shows three tables with the mean monthly 

excess returns for the equally-weighted portfolios formed on Size and each of the 

other factors. The arrows demonstrate in which direction the sorts are increasing.  

 

 

 

Figure 5.6 

The first table in Figure 5.6 illustrates that in each B/M column, the average excess 

return typically decreases as the size increases, giving rise to a negative size effect, as 

reported by Banz, 1981. However, the value effect seems to disappear. Specifically, 

1,5% 0,6% 0,9%

1,2% 0,9% 0,7%
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growth firms seem to outperform value firms in our sample. This result contradicts the 

results of Fama-French 2015 using US firm data.  

The second table illustrates a strong profitability effect as reported by Novy-Marx 

(2012). For each Size group, high operating profitability is connected to higher returns 

than low operating profitability. The result is strong for both microcaps and 

megacaps. However, the size effect disappears for low profitable firms on the left of 

the table. Thus, the results indicate that large cap firms with low profitability 

outperform small cap, low profitable firms. 

The last table shows average excess returns for 6 Size-Investment portfolios formed in 

the same way as the 6 Size-Book-to-Market portfolios and Size-Operating 

Profitability, but the second variable is now investment, calculated as per the previous 

description. The results are similar with the profitability factor table, except from the 

fact that the investment effect disappears. Specifically, again there is no size effect for 

the low investment firms on the left of the table, meaning that big conservative firms 

outperform small conservative ones. The opposite result holds for aggressive firms on 

the right of the table. Nevertheless, the investment effect does not hold for our 

sample, as it can also be observed by the average return of the CMA (Conservative 

minus Aggressive) factor, which turns negative. In general, our results suggest that 

European aggressive firms (that displayed a large assets growth for the past 2 years) 

have offered larger returns compared to European conservative firms. 

At this point it would be important to include a brief comment on the absence of size 

effect at the lowest points of profitability and investment. Several studies have shown 

that the size effect has disappeared after the 1980’s, such as Dichev (1998) and Chan, 

Karceski, and Lakonishok (2000). The latter have also made a discussion regarding 

the vanishment of the value premium. However, the absence of the investment effect 

as described by Fama French should be taken into consideration. 

The above results can also be reached by observing the summary statistics of the 

factor returns. Figure 5.7 below illustrates means, t-statistics for the means, and 

standard deviations of monthly factor returns.  
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Figure 5.7 

Firstly, the market factor (Rm-Rf) is presented. The most important feature about the 

market factor is that, in our research, there is a quite large equity premium (mean 

market return of 0.4%), yet marginally insignificant (t-statistic is 1.44). This result 

may appear ambiguous, since it is contrary to Fama French (2015) five-factor model 

tests with US data. However, a new draft released by the same authors in December 

2015 reports similar results to our research regarding the market factor. In this draft, 

Fama and French conduct global tests of the five-factor model, specifically within 

North America, Europe and Asia Pacific. According to their results, the equity 

premium in Europe is 0.48%, with a t-statistic of 1.68. 

  The size factor confirms the lack of size effects in some of the portfolios of our 

sample. It can be noticed that the size premium is low (mean of 0.07% per month) and 

the factor turns insignificant with a t-statistic of 0.55. This result is also in line with 

the recent study of Fama and French in Europe. In their draft “International Tests of a 

Five-Factor Asset Pricing Model” mentioned above, the authors end up with a size 

premium of 0.04% for Europe, with a t-statistic of 0.28. 

Nevertheless, our results are counterintuitive with regards to value and investment 

premiums.  Firstly, the average return of the HML factor is negative, which leads to 

the result that investing in European value firms will not be profitable for an investor. 

In fact, growth firms tend to outperform value firms in our sample and this is 

confirmed by our findings regarding the portfolio returns. Therefore, in our sample, 

the big value and small value portfolios tend to have lower average monthly returns 

than Big growth and Big value respectively. The average return of the HML factor is -

0.6% per month with a t-statistic of 3.35. The same result applies to the investment 

factor and therefore it is evident that in our sample, European aggressive firms tend to 

be a better investment than conservative firms. The investment mean return of the 

CMA factor is negative and amounts to -0.64% per month and is significant with a t-

statistic of 4.12. Our sample shows the exact opposite results for the RMW factor. 

RM - RF SMB HML RMW CMA

Mean 0,40% 0,07% -0,60% 0,99% -0,64%

Std Dev 4,68% 2,22% 3,03% 2,63% 2,64%

t-statistic 1,44 0,55 3,35 6,34 4,12
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The profitability premium is the largest among the other factors with an average value 

of 0.99% per month and strongly significant with a t-statistic of 6.34.  

The HML, RMW and CMA factors are constructed as averages of small and big stock 

factors as shown in Figure 5.3.  

It would be important to note at this point that the European version of the model of 

Fama and French includes different sample of European countries compared to our 

sample. Their study is based on developed markets within the European territory and 

they include the following countries: Austria, Belgium, Denmark, Finland, France, 

Germany, Greece, Ireland, Italy, the Netherlands, Norway, Portugal, Spain, Sweden, 

Switzerland and the United Kingdom. Their goal was to ensure the power of their 

testing through a parsimonious selection of European regions. Therefore, their 

research covers advanced economies within the European Union region, along with 

Norway and Switzerland, which are involved in most of the EU’s open market 

provisions. Fama and French also point out that they consider a high integration rate 

within the European area, which we also take into consideration. On the contrary, the 

study conducted in this paper focused mostly on stocks within the European Union 

itself. The final purpose is to test the five-factor model including all the EU countries, 

along with the developing economies, so that we avoid selection biases. To 

summarize, the factor performance is illustrated in Figure 5.8 below. Specifically, the 

figure shows the development of investing 100$ in each factor.  

Figure 5.8 
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It is evident that the profitability factor has the greatest performance among the 

others, while HML and CMA seem to decline with almost the same rate throughout 

the time span of July 1991 to June 2015. It can be obvious that aggressive, growth 

firms could be a more profitable choice compared to conservative and value firms, if 

one wishes to invest in a portfolio consisting only of EU companies. Regarding the 

performance of the market factor, it is obvious that it experiences a sharp decline 

during the period of the financial crisis in 2008. According to this figure and our 

findings, the profitability factor seems to outperform all the others by far.  

A clearer picture for the rest of the factors, except profitability, can be seen in Figure 

5.9. 

 

Figure 5.9 

The performance of the SMB factor displays a declining trend in the first 10 years but 

bounces back for the rest of the period, at an almost steady rate. It is important to note 

a large decline in both factors in 1997 to 2000. This period was marked by the rise of 

new Internet-based companies, known also as “dot-coms”, with high market-to-book 

ratios (Malkiel, 2010). Investors were fascinated by the promising prospects of 

information technology companies and starts-ups and as a result, they there was an 

investing and financing frenzy regarding internet-based and technology stocks. 

Therefore, stock prices were increasing rapidly, with NASDAQ reaching its peak on 

10 March 2010. The bubble burst in the period of 2000-2001. During this period, it is 
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clear that low cap companies outperform the large cap ones, growth companies 

deliver superior returns compared to value firms, high profitable firms perform better 

than lower profitable ones while companies keen on expanding their total assets were 

thriving against the ones which had lower investment rates. All these characteristics 

match with the attributes of Internet companies and it is highly likely that this 

performance through time describes the dot-com crisis events as they were described 

above. 

After the recession period, which followed the dot-com crisis, the market factor 

experienced high returns and peaked in 2007, just before reporting  a large drop in 

2008, because the global financial crisis. HML and CMA however, continue to 

diminish together at a stable rate, without any large drops. However, the SMB factor 

reports a slight growth, until the year of the financial crisis and then it barely drops for 

a small period of time. During the beginning financial crisis in 2008-2009, the HML 

factor drops slightly as well. That means that growth firms outperformed value firms 

during that period. 

Figure 5.10 shows correlations among the five-factors used in our analysis. It is 

evident that the profitability factor is negatively correlated with all the other factors 

except the investment factor. In addition, the size factor is negatively correlated with 

the market factor. In general however, the correlations’ table do not display high 

figures, except for a relative high negative relation between size and market (-0.26) 

and value and profitability (-0.35). Fama and French (1995) show that high B/M 

stocks tend to be less profitable than low B/M growth stocks, so our results can be 

consistent with the literature of the correlation among the factors. However, the 

negative relationship between the size and market factor was not documented in 

literature. Theoretically, according to this study, small firms perform better in 

unpleasant time periods for the market. However, this relationship is not documented 

in the previous graph, which shows trends for the factors. 

The positive relation between the profitability and investment factor can be 

considered negligible (0.08). The fact that the correlations among the factors are low, 

seems ideal for the regression analysis that follows, since the portfolios constructed to 

mimic individual risk factors should have an own impact on the dependent variables. 
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Figure 5.10 

 

5.4 Performance of Fama French five-factor model in the European Union 

market 

 

The primary goal of this paper is to test and analyze how well the Fama French five-

factor model can explain excess returns on the portfolios formulated in Figure 5.6. 

There are three combinations of asset pricing models taken into consideration: (a) the 

Fama French three-factor model that includes 𝑅𝑚 − 𝑅𝑓 and SMB with HML, RMW 

or CMA (b) the Fama French four-factor model that includes 𝑅𝑚 − 𝑅𝑓 and SMB with 

combinations of HML, RMW and CMA and (c) the Fama French five-factor model. 

The three-factor model is based on the following regression 

𝑹𝒊𝒕 − 𝑹𝑭𝒕 = 𝒂𝒊 + 𝒃𝒊(𝑹𝑴𝒕 − 𝑹𝑭𝒕) + 𝒔𝒊𝑺𝑴𝑩𝒕 + 𝒉𝒊𝑯𝑴𝑳𝒕 + 𝒆𝒊𝒕   (1) 

In the above equation, 𝑅𝑖𝑡 is the return on portfolio i for the period t, 𝑅𝐹𝑡 is the risk 

free return, 𝑅𝑀𝑡 is the return on the value-weighted market portfolio, 𝑆𝑀𝐵𝑡 is the 

return on a diversified portfolio of small-cap stocks minus the return on a diversified 

portfolio of big stocks, HMLt is the return on a diversified portfolio of hign B/M 

stocks minus the return on a diversified portfolio of low B/M stocks and 𝑒𝑖𝑡 is a 

z2ero-mean residual. In theory, if the factor coefficients 𝑏𝑖,𝑠𝑖 and ℎ𝑖 capture all the 

variation in returns, the intercept 𝑎𝑖 is zero for all portfolios i. In this study we have 

also applied three-factor model testing with factors RMW and CMA taking the place 

of the HML factor in the above equation. The models are constructed as following: 

𝑹𝒊𝒕 − 𝑹𝑭𝒕 = 𝒂𝒊 + 𝒃𝒊(𝑹𝑴𝒕 − 𝑹𝑭𝒕) + 𝒔𝒊𝑺𝑴𝑩𝒕 + 𝒓𝒊𝑹𝑴𝑾𝒕 + 𝒆𝒊𝒕    (2) 

𝑹𝒊𝒕 − 𝑹𝑭𝒕 = 𝒂𝒊 + 𝒃𝒊(𝑹𝑴𝒕 − 𝑹𝑭𝒕) + 𝒔𝒊𝑺𝑴𝑩𝒕 + 𝒄𝒊𝑪𝑴𝑨𝒕 + 𝒆𝒊𝒕      (3) 

Rm-Rf SMB HML RMW CMA

Rm-Rf 1.00

SMB -0.26 1.00

HML 0.15 0.02 1.00

RMW -0.09 -0.03 -0.35 1.00

CMA 0.02 0.02 0.14 0.08 1.00
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Equation (1), which represents the original three-factor model with the value factor, 

was used in this study to explain returns for all 18 portfolios, sorted by size and each 

of the other three factors. The regression model in equation (2), however, was only 

used to explain variation of average returns of the 6 size-OP portfolios. Respectively, 

the regression model in equation (3) was only used to explain variation of average 

returns of the 6 size-Inv portfolios. 

Fama and French (2015) intended to test and compare the explanatory power of three-

, four- and five-factor models, as well as test whether one factor gets redundant by 

adding more factors into the original three factor model. We follow the same pattern 

and conduct four-factor regressions on all 18 portfolios formed. Specifically, the 

regression models tested were the following: 

𝑹𝒊𝒕 − 𝑹𝑭𝒕 = 𝒂𝒊 + 𝒃𝒊(𝑹𝑴𝒕 − 𝑹𝑭𝒕) + 𝒔𝒊𝑺𝑴𝑩𝒕 + 𝒉𝒊𝑯𝑴𝑳𝒕 + 𝒓𝒊𝑹𝑴𝑾𝒕 + 𝒆𝒊𝒕       

𝑹𝒊𝒕 − 𝑹𝑭𝒕 = 𝒂𝒊 + 𝒃𝒊(𝑹𝑴𝒕 − 𝑹𝑭𝒕) + 𝒔𝒊𝑺𝑴𝑩𝒕 + 𝒉𝒊𝑯𝑴𝑳𝒕 + 𝒄𝒊𝑪𝑴𝑨𝒕 + 𝒆𝒊𝒕       

𝑹𝒊𝒕 − 𝑹𝑭𝒕 = 𝒂𝒊 + 𝒃𝒊(𝑹𝑴𝒕 − 𝑹𝑭𝒕) + 𝒔𝒊𝑺𝑴𝑩𝒕 + 𝒓𝒊𝑹𝑴𝑾𝒕 + 𝒄𝒊𝑪𝑴𝑨𝒕 + 𝒆𝒊𝒕       

As explained previously, empirical evidence has shown that the above regression 

model in Equation (1) is not adequate to capture all variations in average returns, 

because it excludes the effect of the profitability and investment factor (Novy-Marx, 

2012, and Titman, Wei, and Xie, 2004). For that reason, Fama and French introduced 

the five-factor asset pricing model, including the missing factors. 

The five-factor model is then based on the following regression model: 

𝑹𝒊𝒕 − 𝑹𝑭𝒕 = 𝒂𝒊 + 𝒃𝒊(𝑹𝑴𝒕 − 𝑹𝑭𝒕) + 𝒔𝒊𝑺𝑴𝑩𝒕 + 𝒉𝒊𝑯𝑴𝑳𝒕 + 𝒓𝒊𝑹𝑴𝑾𝒕 + 𝒄𝒊𝑪𝑴𝑨𝒕 +

𝒆𝒊𝒕       

The profitability and investment factors are described by RMW and CMA 

respectively. In the above equation, 𝑅𝑀𝑊𝑡 represents the return on a diversified 

portfolio of robust (high profitability) stocks minus the return on a diversified 

portfolio of weak (low profitability) stocks, while 𝐶𝑀𝐴𝑡 represents the return on a 

diversified portfolio of conservative (high investment) stocks minus the return on a 

diversified portfolio of aggressive (low investment) stocks. In this case, the model has 

explanatory power in case the coefficients of all the factors 𝑏𝑖, 𝑠𝑖, ℎ𝑖, 𝑟𝑖, 𝑐𝑖 capture all 

variations in average returns and thus the intercept 𝑎𝑖 is zero for all portfolios i. This 
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study has performed five-factor regressions on all 18 portfolios, formed with double-

sorting on size and each of the three other variables. 

As mentioned previously, an asset pricing model can be considered valid in case its 

coefficients capture the cross-section of expected returns, so as to have intercepts that 

are indistinguishable from zero (Fama & French, 2015). For that reason, the main 

hypothesis of this section is formulated in the following way: 

𝑯𝟎: The intercepts of the Fama French Model regressions are jointly zero (α = 0) 

The main hypothesis applies for each model testing. In order to evaluate the 

performance of the addition of the profitability and investment factors to the main 

three-factor model, summary statistics for the original three-factor model, the five-

factor model and the three four-factor models are displayed in the Figure 5.11 below.  

 

Figure 5.11 

The GRS statistic of Gibbons, Ross, and Shanken (1989) was used in order to test the 

hypothesis stated above, that jointly all alphas are zero. We follow Fama & French 

6 Size B/M Portfolios

HML 5,57 0,004

HML RMW 7,47 0,008

HML CMA 5,41 0,006

RMW CMA 6,87 0,003

HML RMW CMA 6,90 0,008

6 Size OP Portfolios

HML 11,67 0,005

RMW 4,51 0,005

HML RMW 14,38 0,004

HML CMA 12,02 0,006

RMW CMA 6,48 0,006

HML RMW CMA 6,09 0,006

6 Size Inv Portfolios

HML 5,92 0,005

CMA 8,23 0,006

HML RMW 7,94 0,001

HML CMA 4,33 0,005

RMW CMA 3,24 0,008

HML RMW CMA 3,53 0,006

GRS
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(2015) regarding the demonstration of results for the 6 size-OP and 6 size-Inv 

portfolios. Therefore, these portfolios were regressed (a) on the original three-factor 

model and (b) on an alternative three-factor model, where each factor (RMW or 

CMA) corresponds to the respective variables used to sort the portfolios (profitability 

or investment). In case all regression intercepts are jointly zero for each portfolio and 

regression model, then the GRS equals zero. The average absolute value of alphas is 

also displayed, as the larger this value is, the greater the GRS statistic will be. The p-

values of the GRS statistic are not shown in the figure above, as they all appear to be 

less than 5% and thus the GRS test for all regressions is not indistinguishable from 

zero. 

Indeed, the GRS test seems to be large for all portfolios and regression models. This 

finding is in line with Fama & French (2015) since it indicates that all our models fail 

to explain all returns in the cross section of stocks. According to their study, the 

general purpose should be to judge the models in relative terms. Specifically, all 

models are imperfect; however our interest should focus on which one is the most 

representative at explaining the average returns on the portfolios we have formed. 

In this scope, there are several comments to be added to this section. First, by looking 

at the 6 size-B/M portfolios, it seems that the three-factor regressions with the HML 

factor and the four-factor regressions including HML and CMA perform better than 

the rest of the models and even better than the five-factor model that is tested in this 

study. For example, the four-factor regression, that includes the HML and CMA 

factors, reports GRS of 5.41, while the five-factor model reports GRS of 6.9. This 

result is not in line neither with the Fama & French five-factor model testing with US 

data (2015) or the Fama & French (December 2015) draft in which they report results 

for Europe. Specifically in Fama & French (2015) the GRS is lower for the five-factor 

model as well as for the four-factor model which excludes the HML factor. In fact, 

the GRS reports at 2.84 for both of them. Moreover, in the Fama & French (December 

2015) draft, the original three-factor model which includes HML performs slightly 

worse than the others reported. However, in our sample, the original three-factor 

model appears to be able to explain average returns mode efficiently than the other 

models for the size-B/M portfolios. It is also important to note that, the GRS results of 

this study are significantly higher than the ones reported in Fama & French (2015 and 
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the Fama & French (December 2015) draft, which means that the models we use are 

rejected in a stronger degree. 

Nevertheless, the tests on the 6 size-OP portfolios yield different results. The three-

factor model including the RMW factor instead of the HML, fares better when applied 

to this portfolio. This result may seem reasonable, since the model is applied in a 

portfolio which was sorted according to the profitability variable. Still however, the 

five-factor model does not display the best performance for another sort of portfolios. 

Our result is in line with Fama & French (2015), since in their paper the three-factor 

regression including RMW has a GRS of 1.71, which is the smallest among the GRS 

reported for the rest of the regression models. 

Regarding the regressions of the 6 size-Inv portfolios, the five-factor regression model 

and the four-factor regression model, that drops HML, yield marginally the same 

results (GRS of 3.53 and 3.24 respectively). At the same time, they report the smallest 

GRS statistics among all other regression models. It seems that three-factor regression 

models are likely to perform better on portfolios that include strong factor variable 

tilts. For example, as seen before, the three-factor model with HML performs better 

on portfolios formed on size and the B/M ratio and also, the three-factor model with 

RMW performs better on portfolios formed on size and the profitability ratio. The 

portfolios formed on size and investment, however, do not exhibit the same pattern. 

In general, there is not a clear picture regarding the evidence of a factor redundancy 

from this figure, as it is shown in Fama & French (2015) and the Fama & French 

(December 2015) draft. 

Fama & French (2015) conducted regressions of each of the five factors on the other 

four, in order to ensure the redundancy of the HML factor. Figure 5.12 below shows 

regression results of each factor versus the other in the five-factor model for our 

study.  
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Figure 5.12 

The results are interesting and it would be valuable to compare them with Fama & 

French (2015) tests with US data. Fama & French confirm the redundancy of the 

HML factor, as its intercept in these regressions is highly negative. It actually 

amounts to -0.04% with a t-statistic of -0.47. In practice, this result indicates that the 

exposure of the factor to the other four factors captures the average HML return.  

Regarding all the other factors in their paper, they seem to display positive and 

significant intercepts. As an example, in the SMB regressions, the intercept is around 

0.39% per month with a t-statistic of 3.23. This practically means that average returns 

left unexplained by exposures to the market factor, HML, RMW and CMA are around 

0.39% per month. 

Nevertheless, the figure above demonstrates slightly different results than the ones 

presented in the Fama & French paper with US data. The intercept of the market 

factor is still positive but not strongly, as shown by Fama & French. On average, the 

returns left unexplained by exposures of the market factor on the other four are 0.66% 

per month.  

The result regarding HML however resembles the result found by previous research. 

In our sample, the coefficient of the HML factor is -0.11% with a t-statistic of -0.62. 

Int RM - RF SMB HML RMW CMA R
2

RM - RF

Coef 0,66% -55,27% 20,28% -9,31% 1,04% 9,18%

t-statistic 2,25 -4,63 2,14 -0,86 0,10

SMB

Coef 0,18% -12,72% 2,89% -3,46% 1,45% 7,14%

t-statistic 1,30 -4,63 0,63 -0,66 0,30

HML

Coef -0,11% 7,83% 4,85% -40,71% 18,47% 16,50%

t-statistic -0,62 2,14 0,63 -6,46 2,95

RMW

Coef 0,89% -2,79% -4,51% -31,56% 12,96% 14,41%

t-statistic 5,87 -0,86 -0,66 -6,46 2,34

CMA

Coef -0,69% 0,35% 2,12% 16,13% 14,59% 3,70%

t-statistic -4,16 0,10 0,30 2,95 2,34
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One might conclude that the factor could seem redundant for our sample and for the 

specific time span. Figure 5.12 previously demonstrated that for all sorts of portfolios, 

the five-factor model and the four-factor model that drops HML display the same 

explanatory power for abnormal returns. Thus, the GRS statistic for both regression 

models was very similar to each other.  

The conclusion becomes counterintuitive with regards to the investment factor. 

According to our calculations, the intercept of the CMA factor regressed on the other 

four becomes negative at -0.69% and it is significant with a t-statistic of -4.16. 

According to the literature, the intercept appears to be strongly positive and 

significant. The regression analysis in our study shows that the p-value of the 

intercept amounts at 0.0043%, which allows us to reject the null hypothesis that the 

intercept is indistinguishable from zero. Actually, the negative intercept of the factor 

in this kind of regressions indicates that any positive CMA return is being absorbed 

by more than 100% from the positive slopes of the other factors. Indeed, the 

coefficients of the other four factors are positive in the CMA regression. Especially 

the HML and RMW factors display strongly positive slopes, that amount to almost 

16% and 15%, with t-statistics of 2.95 and 2.34 respectively. 

The results regarding the coefficient of the RMW factor for this set of regressions, 

demonstrate that the factor is at least more important for describing average returns 

(intercept of 0.01% with a t-statistic of 5.87). The result regarding the SMB factor is 

against the evidence from Fama & French (2015) and in our sample, it seems that the 

factor gets redundant. The intercept of the factor from the regressions appears positive 

but yet it is insignificant (0.18% monthly with a t-statistic of 1.3). 

Nevertheless, it would be also useful to compare our results with the Fama & French 

(December 2015) draft which conducts regressions in the European market. Their 

results seem optimistic for our sample regarding the SMB factor, since they are very 

similar to the findings of this paper. The SMB factor seemed to be redundant in every 

region they tested in, except in North America. Specifically, it turned redundant for 

Europe, Asia Pacific and Japan. Also, according to their respective figure of factor-

against-factor regressions, the CMA turns redundant for Europe, however there is no 

clear evidence in our research. In their paper, the redundancy of CMA is also evident 

in the fact that the four-factor model that drops this factor and the five-factor model 
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have the same explanatory power, as mentioned before. As long as the RMW factor is 

concerned, Fama and French also find that it is the most important factor in 

explaining European average returns. 

The authors of this paper believe that the most possible reason for any deviations with 

the Fama and French research on the European market is the sample difference 

between the two studies. As mentioned previously, we selected all the EU countries 

for factor performance testing, while Fama and French preferred a more parsimonious 

approach, by choosing only 16 developed markets within the broader European area. 

They also state in their draft that any conclusions drawn regarding the factor 

performance can be sample specific. In addition, they report that factors that are 

redundant or important for a specific time span, may change behavior if the 

researchers chooses to test another time period. In our case, this argument is invalid, 

since we have also selected to construct portfolios and factors for almost the same 

time period. 

Lastly, it is important to note a few points regarding the slopes of the regressions in 

the factor-versus-factors tests. Regarding the regression results of the HML factor, it 

appears that European value firms tend to behave like firms which are conservative 

and have low profitability. The RMW regressions reveal that European profitable 

firms can display characteristics of growth and conservative firms. Also, CMA 

regressions show that European firms that tend to have low or no asset growth behave 

like profitable companies with high B/M ratios. 

In order to reach a final conclusion about model performance, we next examine 

regression details for all models and specifically, the intercept and relevant slopes of 

the factors. We follow the Fama and French (2015) example and thus, we analyze 

separately the size-B/M, size-OP and size-Inv portfolios. The regression details will 

play a significant role in confirming or rejecting the conclusions showed in the 

previous figures. 

6 size-B/M portfolios 

According to the Fama & French (2015), the size-B/M sorting of stocks creates a 

problematic portfolio, which is small, extreme growth stocks. The intercepts 

displayed for this portfolio are significantly negative for the three-factor model. On 
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the other hand, large extreme growth firms display positive intercepts. The application 

of the five-factor model solves partially this problem, since it produces intercepts 

close to zero. 

However, the results of this study are contrary to the findings of Fama & French 

(2015).  

Figure 5.13 shows details for the three factor regression of the 6 size-B/M portfolios. 

We have included only the intercept information, in order to compare it with the other 

models.  

 

Figure 5.13 

The intercepts for both small and big extreme growth stocks are positive at 0.6% and 

significant as shown above. Thus, this result is not sufficient to reject the three factor 

model as an explanatory model for expected returns on the 6 Size-B/M portfolios. The 

same results are shown for both small and big firms with a high value variable. Small 

value firms display positive intercept at 0.7% with a t-statistic of 4.75 and also, big 

value firms show positive intercept of 0.4% with a t-statistic of 2.957. Thus, the 

alphas produced by the three factor regression are positive and distinguishable from 

zero and the same result was found in Figure 5.11, where GRS tests rejected the 

model for being imperfect prediction of average stock returns for size-B/M sorted 

portfolios (GRS of 5.57 and A|αI| of 0.4%). 

It would be interesting to discuss the details of the five factor regression and mention 

any changes that occur. As seen in Figure 5.11, the three factor model with HML 

performed better in GRS tests for this sort of portfolios than the five factor model that 

we are testing. Thus, the expectation is that the intercepts in the five factor regression 

will not improve. 

Indeed, as seen in Figure 5.14 below, the alphas get slightly larger and more 

significant when the stocks of this portfolio are regressed to all five factors. 

B/M Low Neutral High Low Neutral High

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,006 0,002 0,007 4,116 1,311 4,757

Big 0,006 0,004 0,004 3,774 3,662 2,957

SMB, HML
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Figure 5.14 

The difference is infinitesimal, yet it confirms the previous findings. Specifically, the 

intercept of the small-growth stock portfolio increases by 20 basis points to 0.8% (t-

statistic 5.56) and the intercept of the big-growth stock portfolio increases by 10 basis 

points to 0.7% (t-statistic of 4.29). 

Also, it would be interesting to observe the factor coefficients of the five factor 

regression. The information is presented in Figure 5.15. 

 

Figure 5.15 

The market and SMB slopes are neglected for this figure. In fact, the market slope is 

strongly positive and close to 1 for both models. Regarding SMB slopes, they display 

similar patterns for both models as well. SMB coefficients are always strongly 

positive for small stocks. However, contrary to Fama and French (2015), they are 

slightly positive for big stocks as well. Nevertheless, the similar patterns should be 

taken into consideration and thus, they do not assist in discriminating between the two 

models. 

It would be interesting to comment on the results regarding the HML, RMW and 

CMA coefficients of the three factor model regression. First, we comment on the 

HML slopes observed for the size-B/M portfolios. Regarding the small extreme-

growth portfolio the coefficient is negative at -0.73 and strongly significant with a t-

statistic of -15.1. Similar results are observed for the big extreme-growth portfolio, 

B/M Low Neutral High Low Neutral High

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW_CMA Small 0,008 0,003 0,008 5,565 1,960 5,106

HML_RMW_CMA Big 0,007 0,005 0,007 4,298 4,014 4,573

SMB, HML, RMW, CMA

B/M Low Neutral High Low Neutral High

Five- factor intercepts : RM - RF,

HML t(HML)

HML_RMW_CMA Small -0,730 0,008 0,564 -15,101 0,166 10,769

HML_RMW_CMA Big -0,409 -0,039 0,297 -7,767 -0,937 5,969

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW_CMA Small -0,175 -0,086 -0,204 -3,185 -1,503 -3,434

HML_RMW_CMA Big -0,215 -0,070 -0,185 -3,595 -1,492 -3,278

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

HML_RMW_CMA Small 0,179 0,079 -0,130 3,465 1,470 -2,323

HML_RMW_CMA Big -0,106 0,039 0,203 -1,891 0,893 3,812

SMB, HML, RMW, CMA
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since the slope is again strongly negative. On the contrary, small extreme-value firms 

and big extreme-value firms tend to have strongly positive HML slopes. The result is 

consistent, taking into account that the input is stocks sorted on B/M and regressed on 

the HML factor. 

The results with regards to the RMW slope of the regressions seem consistent with the 

Fama and French results regarding the extreme-growth, small stocks. Specifically, the 

RMW coefficient for these stocks is strongly negative, meaning that this portfolio is 

dominated by small-cap stocks whose returns behave like those of non-profitable 

firms. The same conclusion applies for the big extreme-growth portfolios. However, 

as opposed to the findings of Fama and French, high B/M stocks have also negative 

relation with the profitability factor. Our results confirm the strongly negative 

relationship between HML and RMW, meaning that value firms are not profitable 

firms in our sample. It should however be noted that when low B/M firms are 

regressed on the RMW within the context of a five factor model, they display a 

negative relationship with the factor. 

The results are mixed for the CMA slopes, since there is no clear pattern with regards 

to size and value.  As seen previously, CMA and size have very low positive 

correlation and factor spanning tests revealed that CMA has insignificant size 

coefficient. This may be an explanation on why there is no clear pattern with regards 

to size. However, CMA and HML factor spanning tests revealed that in our sample, 

HML has a positive, slightly significant loading on CMA. Yet small, high B/M stocks 

display slightly negative relationship with the CMA factor, meaning that small value 

stocks in our sample tend to invest a lot despite low profitability. Big growth firms 

display negative CMA coefficient and slightly significant, which shows that these 

kind of firms tend also to invest a lot. 

Regarding four factor model regressions, the intercepts do not seem to improve. The 

results are displayed in Appendix 1.  Also, the negative relationship between HML 

and RMW is evident in the RMW slopes in the regressions. Regarding the CMA 

slopes, there is also an evident pattern. For example, it seems that small, value stocks 

behave like stocks that invest a lot. This can be seen from the negative significant 

slope of CMA in all regressions conducted and so the result regarding the CMA 

loadings can be similar to the results that apply to the five-factor model regressions. 
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6 size-OP portfolios 

The GRS test in Figure 5.11 shows that the three factor model that includes RMW 

may perform better than any other model, including the five factor model. However, 

as displayed in Figure 5.16 below, the intercepts of the three factor regression are 

strongly positive. 

 

Figure 5.16 

Nevertheless, the three factor regressions of the size-OP stocks with the HML factor 

display alphas close to zero for weak small and big stocks. 

 

Figure 5.17 

Regarding the results of the five factor model regressions, they are demonstrated in 

Figure 18 below. The model produces strongly positive intercepts, and the differences 

are negligible comparing to the three factor model including RMW. 

 

Figure 5.18 

OP Weak Neutral Robust Weak Neutral Robust

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,007 0,007 0,004 4,503 4,283 2,832

Big 0,005 0,006 0,007 3,393 4,253 5,033

SMB, RMW

OP Weak Neutral Robust Weak Neutral Robust

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small -0,001 0,006 0,009 -0,376 3,706 5,365

Big 0,001 0,005 0,008 0,657 3,992 5,559

SMB, HML

OP Weak Neutral Robust Weak Neutral Robust

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,006 0,007 0,005 4,150 4,222 3,356

Big 0,006 0,006 0,007 3,993 4,115 4,696

HML HML HML HML HML HML

HML t(HML)

Small -0,021 -0,028 -0,096 -0,423 -0,532 -1,984

Big -0,117 -0,002 -0,043 -2,534 -0,049 -0,869

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0,893 -0,135 0,579 -15,739 -2,241 10,561

Big -0,461 -0,074 0,066 -8,769 -1,373 1,187

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small -0,034 0,030 0,150 -0,641 0,520 2,894

Big 0,164 0,004 -0,020 3,314 0,071 -0,376

SMB, HML, RMW, CMA
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Regarding the coefficients observed, first, we comment on the RMW slopes observed 

for the size-OP portfolios. Regarding the small weak portfolio the coefficient is 

negative at -0.89 and strongly significant with a t-statistic of -15.7. Similar results are 

observed for the big weak portfolio, since the slope is again strongly negative. On the 

contrary, small profitable firms and big profitable firms tend to have strongly positive 

RMW slopes. The result is consistent, taking into account that the input is stocks 

sorted on OP and regressed on the RMW factor. In additions, the slopes of HML for 

all portfolios are negative but almost insignificant. 

Factor spanning tests and the correlation among the factors, revealed a positive 

relationship between CMA and RMW. In the figure above, small profitable firms 

report a slightly positive CMA coefficient, meaning that these firms tend to invest 

less. Yet big weak firms report a strong positive coefficient as well, which shows that 

they also tend to be conservative. 

Regarding four factor model regressions in the size-OP sorts, the intercepts seem to be 

positive as well. The results are displayed in Appendix 2.   

 6 size-Inv portfolios 

The GRS test in Figure 5.11 shows that the five factor model and the four factor 

model that drops HML provide similar descriptions of average returns on the 6 

portfolios formed on size and investment. However, the five factor and four factor 

intercepts for the portfolios are not close to zero. Figure 19 below shows details for 

the five factor regressions. 

 

Figure 5.19 

Inv Conservative Neutral Aggressive Conservative Neutral Aggressive

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,006 0,005 0,008 3,989 3,115 5,357

Big 0,007 0,005 0,006 5,020 4,149 3,743

HML HML HML HML HML HML

HML t(HML)

Small -0,267 0,085 0,000 -5,139 1,685 -0,007

Big 0,033 0,029 -0,234 0,674 0,681 -4,442

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0,219 0,009 -0,286 -3,717 0,153 -5,350

Big -0,238 -0,064 -0,171 -4,336 -1,319 -2,854

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0,757 0,002 -0,605 13,614 0,034 -12,004

Big 0,381 0,019 -0,257 7,380 0,408 -4,550

SMB, HML, RMW, CMA
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Regarding the factor slopes observed, first, we comment on the CMA slopes observed 

for the size-Inv portfolios. Regarding the small conservative portfolio the coefficient 

is positive at 0.757 and strongly significant with a t-statistic of 13.614. Similar results 

are observed for the big conservative portfolio, since the slope is again strongly 

positive. On the contrary, small and big aggressive firms tend to have strongly 

negative CMA slopes. The result is consistent, taking into account that the input is 

stocks sorted on Investment and regressed on the CMA factor.  

In addition, the slopes of HML are insignificant almost for all the constructed 

portfolios. However, for small conservative stocks and big aggressive stocks the 

coefficients turn significantly negative, which is not in line with the positive relation 

between HML and CMA shown previously. The same result yields for the 

profitability factor as well. All stocks sorted on size and investment display a negative 

relationship with the profitability factor, although the relationship between RMW and 

CMA was proven to be positive. A possible explanation for this result could be that 

the sample used to create the size-Inv sorting included mostly loss making firms. 

 5.5 Performance of Fama French five-factor model in the UK and France 

 

For this section, we examine the performance of factor models in the markets of 

France and the UK. It is important to identify average return trends in these two 

markets since they represent the largest portion of the overall market being tested. 

Particularly, France represents 17.2% of the European Union sample for all the time 

span used and the UK represents 14.7% as shown in Figure 5.20. 
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Figure 5.20 

 

5.5.1 Performance of Fama French five-factor model in France 

 

France constitutes the biggest market in the EU sample being tested. According to the 

database extractions, France had more equity data available than other markets. This 

part will focus on testing the Fama French asset pricing models on the French market 

with an aim to conclude on some patterns regarding the average stock returns 

observed. We still consider EU as the overall market sample. 

Summary statistics for France are shown in Figure 5.21.  
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Figure 5.21 

As in the EU market, French low B/M stock portfolios experience better risk-return 

trade-off compared to high B/M stock portfolios. The same pattern is observed for 

profitable stock portfolios compared to weak firms. However, in the size-investment 

sorts, only small aggressive firms seem to demonstrate this trend, compared to small 

conservative firms. Thus, the trend is not observed within the sample of big stock 

portfolios. 

Regarding the B/M ratio observed, small growth firms display a negative average, but 

close to zero. One explanation could be that these are small, maybe unprofitable firms 

that have negative book value of equity. 

Average excess returns for the French market are analyzed in Figure 5.22. In general, 

the size effect disappears for almost all portfolios. However, it can be observed for 

one portfolio in the size-B/M sorts and for one portfolio in the size-OP sorts. In 

specific, small high B/M stocks display higher returns than big high B/M stocks by 30 

basis points and small profitable firms have higher returns than big profitable stocks 

by 20 basis points. Regarding the size-Inv sorting, there is no size effect displayed, In 

fact, big firms in the portfolio slightly outperform small firms.  

Size- Book-to-market

Number of stocks Mean Returns Standard Deviation Mean size ('000 000) Mean book-to-market

P1 (30%) BHigh 94 1,02% 6,01% 2,54 1,39

P2 (40%) BNeutral 125 1,20% 5,36% 4,24 0,63

P3 (30%) BLow 94 1,81% 6,54% 4,51 0,34

P4 (30%) SHigh 94 1,25% 7,50% 0,03 2,28

P5 (40%) SNeutral 125 0,84% 5,26% 0,04 0,77

P6 (30%) SLow 94 1,59% 6,74% 0,04 -0,46

Size- Profitability

Number of stocks Mean Returns Standard Deviation Mean size ('000 000) Mean Profitability

P1 (30%) BRobust 94 1,83% 5,77% 4,81 0,38

P2 (40%) BNeutral 125 1,20% 5,41% 4,01 0,10

P3 (30%) BWeak 94 1,03% 6,05% 2,54 -0,44

P4 (30%) SRobust 94 1,98% 5,92% 0,04 0,94

P5 (40%) SNeutral 125 1,08% 5,07% 0,04 0,03

P6 (30%) SWeak 94 0,52% 8,06% 0,03 -1,87

Size- Investment

Number of stocks Mean Returns Standard Deviation Mean size ('000 000) Mean Investment

P1 (30%) BCons 94 1,00% 6,03% 3,44 -0,68

P2 (40%) BNeutral 125 1,24% 5,23% 4,26 0,07

P3 (30%) BAgg 94 1,74% 6,38% 3,59 0,25

P4 (30%) SCons 94 0,90% 7,96% 0,03 -0,32

P5 (40%) SNeutral 125 1,14% 5,15% 0,04 0,04

P6 (30%) SAgg 94 1,58% 5,99% 0,04 0,36
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Figure 5.22 

In addition, growth stocks on average outperform value stocks and the same can be 

observed for profitable and aggressive stocks. 

The factors used in regressions are constructed in the same way as in the European 

Union study. Figure 5.23 below illustrates means, t-statistics for the means, and 

standard deviations of monthly factor returns in the French sample. 

 

Figure 5.23 

The RM − RF factor is the same as in the EU tests, since the market portfolio is the 

same. The size factor confirms that size effects do not exist in some of the portfolios 

of the sample. It can be noticed that the size premium is negative (mean of -0.13% per 

month) and insignificant with a t-statistic of 0.77.  

Nevertheless, our results are similar to the EU study with regards to value, 

profitability and investment premiums.  First, the average return of the HML factor is 

negative and slightly significant, which leads to the result that investing in French 

value firms will not be profitable for an investor. In fact, growth firms tend to 

outperform value firms in our sample. The average return of the HML factor is -

1,6% 0,8% 1,3%

1,8% 1,2% 1,0%

0,5% 1,1% 2,0%

1,0% 1,2% 1,8%

0,9% 1,1% 1,6%

1,0% 1,2% 1,7%
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RM - RF SMB HML RMW CMA

Mean 0,40% -0,13% -0,56% 1,13% -0,71%

Std Dev 4,68% 2,95% 4,80% 3,28% 3,77%

t-statistic 1,44 0,77 1,99 5,85 3,19
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0.56% per month with a t-statistic of almost 2. The same result yields from the 

investment factor and therefore, in our sample, European aggressive firms tend to be a 

better investment than conservative firms. The investment mean return of the CMA 

factor is negative and amounts to -0.71% per month and is significant with a t-statistic 

of 3.19. The sample shows opposite results for the RMW factor. The profitability 

premium is the largest among the other factors with an average value of 1.13% per 

month and strongly significant with a t-statistic of 5.85. The average return of the 

profitability factor in France appears to be significantly larger than the European 

respective result. In general, the large performance of the factor in France seems to 

influence the European average at a high level. However, the performance of the 

domestic factor in other countries intends to offset it; yet they do not seem to have 

great effect on it. 

The profitability factor seems to be significant and presents the same pattern in 

France, as with the broader EU market. This is confirmed by Figure 5.24 below. 

 

Figure 5.24 

It is evident that the performance of the profitability factor in France resembles the 

performance of the same factor in the European Union study, except for some minor 

differences. The factor had a steady growth until 2001, then experienced a steep 

decline and after that period, grows with an aggressive rate in France. On the other 

hand, in Europe the factor declined for the period 1997-1998 and since then, 
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recovered and grew with a high rate. It is obvious then that the development of the 

factor in the EU market is highly biased by the extreme values of the factor 

performance in France. 

Following the same structure as with the EU study, we present the correlation matrix 

of the factors created within France in Figure 5.25. 

 

Figure 5.25 

It is obvious that most of the correlations among the factors within this market are 

higher compared to the EU sample. Nevertheless, SMB displays a negative 

relationship with the market factor, which is similar to the EU study results. Also, 

profitable firms’ outperformance is negatively correlated to all the other factors, 

including CMA. In addition, the HML factor is negatively correlated with the market 

factor, meaning that value French firms outperform growth firms during unpleasant 

time periods for the overall market. 

Next, an evaluation of the asset pricing models presented so far will be conducted for 

the French market. The procedure will be the same as with the European Union 

testing. Thus, time-series regressions and GRS tests were conducted in order to 

evaluate the credibility of the models to explain average returns. The regression 

model used for the five-factor regressions is the following: 

𝑹𝒊𝒕_𝑭𝑹 − 𝑹𝑭𝒕 = 𝒂𝒊 + 𝒃𝒊(𝑹𝑴𝒕 − 𝑹𝑭𝒕) + 𝒔𝒊𝑺𝑴𝑩𝒕_𝑭𝑹 + 𝒉𝒊𝑯𝑴𝑳𝒕_𝑭𝑹 + 𝒓𝒊𝑹𝑴𝑾𝒕_𝑭𝑹 +

𝒄𝒊𝑪𝑴𝑨𝒕_𝑭𝑹 + 𝒆𝒊𝒕       

For this regression, the excess returns on the left hand side represent those of French 

stocks and also the factors were constructed based on portfolios created from French 

firms. The market factor is still the European Union, as before. 

Figure 5.25 presents the results of the GRS tests performed on the portfolios’ 

regressions. 

Rm-Rf SMB HML RMW CMA

Rm-Rf 1,00

SMB -0,28 1,00

HML -0,01 0,27 1,00

RMW -0,14 -0,33 -0,37 1,00

CMA 0,04 0,36 0,61 -0,46 1,00
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Figure 5.25 

As before, all models seem imperfect at explaining the average returns on the 

portfolios we have formed. Nevertheless, the results shown above demonstrate 

significant variations compared to the previous tests regarding the portfolios sorted on 

size-OP and size-Inv. The GRS test on the 6 size-B/M portfolios shows that the 

original three-factor model should be more efficient in explaining average returns 

compared to all the other models, so it should be preferred compared to adding RMW 

and CMA to the regressions. It can also be observed that again, the five-factor model 

and the four-factor model that drops HML display similar results. However, these 

results are insignificant, since the three-factor model presents a better performance. 

Next, for the 6 size-OP portfolios, the three-factor model that includes RMW instead 

of HML seems to perform better. The result seems similar to the EU regressions’ 

tests. This can be in line with the fact that the RMW factor outperforms all the others 

in France and creates biases for the EU sample as well. Lastly, regarding the 6 size-

Inv portfolios, it appears that the four-factor model that drops RMW is superior over 

the others. 

6 Size B/M Portfolios

HML 6,34 0,008

HML CMA 8,28 0,014

RMW CMA 10,98 0,005

HML RMW CMA 10,45 0,009

6 Size OP Portfolios

HML 15,25 0,008

RMW 6,82 0,009

HML RMW 7,86 0,010

HML CMA 14,32 0,007

RMW CMA 9,25 0,014

HML RMW CMA 8,25 0,010

6 Size Inv Portfolios

HML 6,58 0,009

CMA 6,44 0,011

HML RMW 7,36 0,013

HML CMA 3,43 0,007

RMW CMA 5,16 0,010

HML RMW CMA 6,70 0,010

GRS
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There is no clean sign for factor redundancy according to the GRS tests. In fact, the 

picture gets more blurry. However, we will confirm this but conducting factor 

spanning tests, as shown in Figure 5.26. 

 

Figure 5.26 

The intercepts of HML and CMA are positive and negative respectively, but yet both 

are insignificant. According to the Fama & French (2015) there are signs that these 

factors may turn redundant. The regressions of these two factors display also the 

highest R2 values. The rest of the factors’ intercepts are positive and significant. Also, 

from the RMW regressions, we could see that the slope of SMB, HML and CMA are 

significant with negative values. This means that highly profitable stocks in our 

sample tend to behave like Big, Growth stocks with a tendency to expand their assets 

significantly. Following the same intuition, Conservative stocks tend to behave like 

micro-cap stocks with high B/M value and limited tendency to invest. 

It would be interesting to briefly discuss the regression details of the portfolios’ 

regressions on different set of factor for the French market.  

6 size-B/M portfolios 

The GRS tests have shown that the original three-factor model may be able to perform 

better than all the other models for the 6 size-B/M portfolios. The intercepts and 

factor loadings for this model are shown in Figure 5.27 below. 

  

Int RM - RF SMB HML RMW CMA R
2

RM - RF

Coef 0,77% -0,60 -0,05 -0,35 0,12 0,14

t-statistic 2,81 -6,25 -0,76 -3,86 1,25

SMB

Coef 0,35% -0,20 0,02 -0,23 0,18 0,27

t-statistic 2,19 -6,25 0,49 -4,42 3,46

HML

Coef 0,15% -0,04 0,04 -0,17 0,70 0,39

t-statistic 0,61 -0,76 0,49 -2,12 10,11

RMW

Coef 0,93% -0,14 -0,28 -0,09 -0,24 0,29

t-statistic 5,52 -3,86 -4,42 -2,12 -4,23

CMA

Coef -0,21% 0,05 0,22 0,38 -0,24 0,46

t-statistic -1,17 1,25 3,46 10,11 -4,23
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Figure 5.27 

The three-factor model intercepts for regressions on each portfolio are positive and 

significant and this is in line with the GRS high results. On the other hand, as seen 

before for the French market, the five-factor model seems to perform significantly 

worse than the three factor model for the 6 size-B/M portfolios. However, as 

presented in Figure 5.28 below, the individual intercepts (for each portfolio) and t-

statistics for the five-factor model do not display great differences than before. 

 

Figure 5.28 

Regarding the slopes of the HML factor on each portfolio regression, they are 

consistent, taking into account that low and high portfolios are regressed on the HML 

factor. For example, it is reasonable that low B/M portfolios display significantly 

negative HML coefficients of -0.74 (small-cap) and -0.595 (mega-caps). 

The negative slopes of RMW on these regressions are strongly significant, compared 

to positive slopes observed for some set of portfolios. Small, high B/M stocks usually 

have negative RMW coefficient and the same applies for large-cap, growth stocks. 

Regarding the CMA slopes, there is no clear pattern. Also, they seem insignificant, 

except for the small, growth stocks, which appear to have a positive, slightly 

significant CMA coefficient. 

B/M Low Neutral High Low Neutral High

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,009 0,005 0,013 4,983 2,750 6,082

Big 0,011 0,008 0,007 5,204 5,073 4,187

SMB, HML

B/M Low Neutral High Low Neutral High

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW_CMA Small 0,009 0,005 0,017 4,434 2,638 7,909

HML_RMW_CMA Big 0,015 0,008 0,007 7,311 4,772 3,735

HML HML HML HML HML HML

HML t(HML)

HML_RMW_CMA Small -0,740 -0,055 0,442 -15,504 -1,216 8,248

HML_RMW_CMA Big -0,595 -0,001 0,224 -11,420 -0,024 4,958

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW_CMA Small 0,124 -0,104 -0,395 1,912 -1,688 -5,416

HML_RMW_CMA Big -0,474 0,001 0,045 -6,688 0,015 0,734

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

HML_RMW_CMA Small 0,158 -0,235 0,010 2,449 -3,829 0,135

HML_RMW_CMA Big -0,120 0,012 0,029 -1,701 0,216 0,466

SMB, HML, RMW, CMA
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The four-factor regressions are shown in Appendix 4. In general, the individual alphas 

do not seem to improve with regards to the three-factor model. Also, the pattern of the 

HML and RMW loadings is similar to the five-factor test. 

6 size-OP portfolios 

The GRS test in Figure 5.25 shows that the three factor model that includes RMW 

may perform better than any other model in France, including the five factor model. 

However, in the original three-factor model regressions, the small, weak portfolio 

displays an intercept that is indistinguishable from zero as seen in Figure 5.29 below. 

The GRS result for the three-factor model with HML is the largest among all 

regressions and amounts to 15.25. 

 

Figure 5.29 

The five-factor model worsens the general picture for the individual intercepts, 

although it displays lower GRS statistic as seen in Figure 5.30 below. 

 

Figure 5.30 

The individual𝛼𝑖’s are positive and very small, but still they can be distinguished 

from zero. Regarding the slopes of the RMW factor on each portfolio regression, they 

are consistent, taking into account that weak and robust portfolios are regressed on the 

OP Weak Neutral Robust Weak Neutral Robust

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,003 0,008 0,015 0,953 4,506 7,628

Big 0,005 0,008 0,013 2,724 5,316 7,147

SMB, HML

OP Weak Neutral Robust Weak Neutral Robust

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,014 0,006 0,010 6,735 3,357 5,330

Big 0,009 0,008 0,013 4,927 4,954 6,648

HML HML HML HML HML HML

HML t(HML)

Small -0,192 0,076 -0,278 -3,762 1,694 -6,002

Big -0,258 0,042 -0,171 -5,554 1,028 -3,504

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -1,074 0,059 0,567 -15,457 0,977 8,983

Big -0,384 -0,001 -0,025 -6,075 -0,024 -0,377

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0,044 -0,272 0,154 0,641 -4,500 2,453

Big 0,032 -0,009 -0,078 0,507 -0,160 -1,176

SMB, HML, RMW, CMA
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RMW factor. For example, it is reasonable that low profitability portfolios display 

significantly negative RMW coefficients of -1.074 (small-cap) and -0.384 (mega-

caps). The negative relationship between RMW and HML is confirmed again by the 

large negative intercepts of HML on these set of regressions. The slopes of CMA 

seem insignificant, except for the profitable micro-cap portfolio. CMA coefficient for 

this portfolio indicates that there is a slightly strong, positive relationship between this 

portfolio and the factor. Intuitively this kind of portfolio behaves as aggressive stocks 

in our tests. 

The four-factor regressions yield almost the same results and they are presents in 

Appendix 5 for these sorts of portfolios. Nevertheless, in the four-factor regressions 

including HML and CMA, the small, weak portfolio displays an intercept that is 

indistinguishable from zero. This result is similar to the three-factor regression details. 

6 size-Inv portfolios 

The GRS test in Figure 5.25 shows that the four-factor model that includes HML and 

CMA may perform better than any other model for size-Inv portfolios, including the 

five factor model. The results of individual regressions for this model are presented 

below. 

 

Figure 5.31 

Figure 5.31 shows that intercepts for regressions on each portfolio are positive and 

significant and this is in line with the GRS high results. Regarding the slopes of the 

CMA factor on each portfolio regression, they are consistent, taking into account that 

conservative and aggressive portfolios are regressed on the CMA factor. Regarding 

the HML coefficients, they are negative for each sort of portfolios. Especially in small 

conservative and big aggressive stocks, the coefficient is significantly negative.  

Inv Conservative Neutral Aggressive Conservative Neutral Aggressive

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,011 0,007 0,008 4,798 4,242 4,654

Big 0,008 0,009 0,010 4,185 5,568 4,719

HML HML HML HML HML HML

HML t(HML)

Small -0,314 0,032 -0,067 -5,517 0,720 -1,429

Big -0,065 0,037 -0,312 -1,373 0,944 -5,835

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0,829 -0,215 -0,575 10,992 -3,683 -9,237

Big 0,331 -0,039 -0,264 5,286 -0,736 -3,734

SMB, HML, CMA
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The five-factor model worsens the general picture for the individual intercepts, as it 

was expected. Intercept and slope results are presented below.  

 

Figure 5.32 

The HML slopes are similar to the ones produced by the four-factor model presented 

above. It is also evident that the RMW loadings are strongly negative for the small-

conservative, small-aggressive and big-aggressive.  

In general, the individual portfolio regressions display positive intercepts, as was 

expected by the GRS results. However, the small-weak portfolios in some of the size-

Inv regressions seem to have an intercept that is close to zero. Lastly, the five-factor 

model for France does not seem to outperform all the others. 

5.5.2 Performance of Fama French five factor model in the UK 

 

For the analysis of the UK market we will follow the same methodology as we did for 

the European. We will try to investigate to what extent the UK market explains the 

results of the European. For that reason, we will test the same models, namely, the 

Fama- French 3, 4 and 5 factor model in the UK. In the following tables we display 

the summary statistics regarding the newly constructed portfolios. Again, the average 

number of stocks, mean, standard deviation, and the unique variable from each 

portfolio is shown. 

Inv Conservative Neutral Aggressive Conservative Neutral Aggressive

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,014 0,006 0,010 6,464 3,428 5,256

Big 0,008 0,009 0,013 4,391 5,384 6,071

HML HML HML HML HML HML

HML t(HML)

Small -0,351 0,043 -0,082 -6,416 0,969 -1,749

Big -0,073 0,036 -0,342 -1,529 0,894 -6,566

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0,403 0,121 -0,162 -5,402 2,003 -2,539

Big -0,085 -0,018 -0,325 -1,314 -0,327 -4,591

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0,731 -0,186 -0,615 9,861 -3,102 -9,663

Big 0,310 -0,043 -0,343 4,813 -0,792 -4,867

SMB, HML, RMW, CMA
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Figure 5.33 

For the Size- Book-to-Market portfolio it is easily observed that the Low Book-to 

Market portfolios outperform the High ones. Also, in terms of Size, it seems that the 

Big stocks have also low Book-to-Market value and therefore, they can be 

characterized as growth. It is also noticeable that the risk trade-off is beneficial 

towards Big growth firms which deliver the highest return, 1.35% while bearing the 

lowest risk, namely 5.84%. Due to the smaller sample in the market, a lot of extreme 

high book-to-market firms were concentrated in Small value portfolios. This is logical 

since as mentioned before, the aforementioned trend indicates that growth firms are 

also Big and therefore the extremely low market value firms are dropped in the Small 

value portfolios. This may be a plausible explanation to the extremely high B/M value 

found in the fourth portfolio, namely 95.9. 

 

Figure 5.34 

In the UK, the picture is opposite than the one we had for the European Union and 

France regarding the mean return of the Big- Profitability portfolio. In this case, Big 

Weak firms outperform the Big Robust ones. On the contrary, the Small Robust firms 

deliver higher returns than the Small Weak ones and at the same time they bear less 

risk. The former achieves an average return of 1.54% with 6.25% standard deviation 

while the latter delivers 0.89% return with 6.83% risk. When it comes to Size, it is 

clearly shown that the bigger the firm is, the more profitable. Again in this setup of 

portfolios we faced extreme values. This time, extreme profitability factor values are 

concentrated on the Big Robust portfolio. Following the intuition regarding the size 

and profitability as outlined above, this phenomenon can be characterized as natural. 

Size- Book-to-market

Number of stocks Mean Returns Standard Deviation Mean size ('000 000) Mean book-to-market

P1 (30%) BHigh 81 1.15% 5.87% 4.25 6.16

P2 (40%) BNeutral 108 1.23% 5.62% 6.16 0.19

P3 (30%) BLow 81 1.35% 5.84% 8.23 0.00

P4 (30%) SHigh 81 1.22% 5.94% 0.03 95.90

P5 (40%) SNeutral 108 1.12% 5.88% 0.22 1.48

P6 (30%) SLow 81 1.25% 7.15% 0.27 -1.06
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Size- Profitability

Number of stocks Mean Returns Standard Deviation Mean size ('000 000) Mean Profitability

P1 (30%) BRobust 81 1.06% 5.45% 9.22 173.96

P2 (40%) BNeutral 108 1.27% 5.57% 6.48 0.39

P3 (30%) BWeak 81 1.38% 6.31% 2.83 -8.65

P4 (30%) SRobust 81 1.54% 6.25% 0.26 2.89

P5 (40%) SNeutral 108 1.14% 5.70% 0.21 0.03

P6 (30%) SWeak 81 0.89% 6.83% 0.05 -2.63
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Figure 5.35 

In contrast with the results of Fama French in the US market, but in line with our 

analysis in Europe it is obvious from Figure 5.35 that Aggressive firms are 

outperforming the Conservative ones. Also, there is no trend found in the allocation of 

stocks regarding their average size. 

The existence of size effects may also be observed though Figure 5.36. Similarly with 

our previous examples for Europe and France, a setup of three tables including the 

mean monthly excess returns for the equally-weighted portfolios formed on Size, 

Profitability and Investment is employed. 

.  

Figure 5.36 

The pattern in these tables is similar to European one. In the B/M, there is no size 

effect observed and contrary to Fama and French the value effect is not existent 

either. Therefore, again, the big cap low profitable firms outperform the small cap low 

profitable firms.  

The pattern in the profitability however, is slightly different from the one we observed 

in Europe and UK. In low cap portfolios, higher profitable firms outperform the lower 

profitable firms. The Novy-Marx (2012) profitability effect is not existent between 

Size- Investment

Number of stocks Mean Returns Standard Deviation Mean size ('000 000) Mean Investment

P1 (30%) BCons 81 1.06% 5.65% 6.47 -0.98

P2 (40%) BNeutral 108 1.23% 5.43% 6.78 0.07

P3 (30%) BAgg 81 1.43% 6.05% 5.17 0.30

P4 (30%) SCons 81 1.03% 6.42% 0.07 -1.22

P5 (40%) SNeutral 108 1.17% 5.81% 0.31 0.04

P6 (30%) SAgg 81 1.36% 6.32% 0.12 0.39
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iWeak and Robust mega caps. In this case higher profitability is not connected with 

higher returns. 

Third diagram is consistent with the study’s analysis on Europe and France which 

outlines that regardless the size, on average, firms keen on larger investments 

outperform firms with limited or negative assets expansion. 

Those results can also be validated by the summary statistics of the factor returns. 

Again, the average, standard deviation and t- statistic are shown in Figure 5.37. 

 

Figure 5.37 

The results in EU regarding the Size are in line with the results in Europe and the 

Fama- French study in Europe as well. In this case the size premium is negative (-

0.05% per month), considerably low and not significant. 

Average HML accounts to -0.11%, which is line without our findings but 

considerably different from Fama and French. As discussed, above portfolios made 

from growth firms in the UK outperform value portfolios. However, there is no 

statistical significance (with t statistic 0.49). The average profitability premium 

returns 0.16%, which is considerably lower than both findings in Europe and France. 

Since the French and the British markets consist the majority of our sample firms it 

seems that in terms of the profitability factor, the British performance offsets the very 

high French one and lowers the European profitability premium. However, there are 

concerns about the low significance level of the Profitability factor in UK (1.06). 

Also, when comparing the risk- return tradeoff in the RMW factor between Europe 

and the UK, the European performance is clearly superior to the British one since it 

delivers higher returns (~1.0%) by bearing almost the same amount of risk (~2.6%). 

Intuitively, UK’s level of integration is higher than the Europe’s, which means that 

correlation in returns of the British firms is higher than the European ones (Erdogan, 

2009). As discussed in the third section of our study, when combing assets with low 

RM - RF SMB HML RMW CMA

Mean 0.40% -0.05% -0.11% 0.16% -0.35%

Std Dev 4.68% 1.92% 3.87% 2.60% 2.50%

t-statistic 1.44 0.44 0.49 1.06 2.36
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correlation, the total into a portfolio, the total volatility of the portfolio decreases. In 

our case, the spread in the returns could result partly due to diversification.  

Regarding the last factor, the return is consistence with our European and French 

findings but the negative return is closer to zero. From this finding, it is clear that the 

factor average return in the UK offsets the extremely high returns found in the French 

market (-0.71%), when companies are combined from both economies. 

The following graph shows the performance of the Fama French five factor through 

time. The same concept of investing 100 dollars in each factor is used as in our 

previous examples of Europe and France. The pattern shares many common 

characteristics with the other markets but as expected it differs in the profitability 

premium performance. 

  

Figure 5.38 

As discussed in the European market example, the period from 1997 to 2000 is 

marked by the expansion of the Internet companies and the factors in the UK behave 

the same way as the ones in Europe. After that period Europe enters into recession 

until 2003 as an aftermath of the crisis and due to the introduction of the common 

currency. However, in UK that was not the case and we can also observe that in the 

performance of the factors. 

In the period before the financial crisis of 2008, the performance of the factors in the 

UK is slightly different than the one in Europe. Specifically, as seen in the graph, 
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Robust firms slightly outperform the Weak ones whereas in Europe the intense of this 

outperformance is higher. However, the most significant difference can be observed 

in the behavior of the SMB factor. In the UK, mega cap portfolios deliver higher 

returns that the smaller cap, whereas in the European portfolios the opposite happens. 

The correlations table verifies a strong negative correlation between HML and SMB 

(-0.54). That means that growth firms outperform value firms when small firms 

outperform the big ones, which is the case in the UK. Also, it is easy to spot from the 

graph that size effect does not exist in UK while in Europe it does under certain 

circumstances which were discussed under the Figure 5.36. 

 

Figure 5.39 

In general, the table above does not show high correlations. However, the strong 

negative correlation between HML and SMB is an alarming result for our regression 

analysis as the risk factors have an impact on the portfolio returns and therefore the 

factor loadings. 

After describing the factor characteristics and main statistical figures, regression 

analysis is conducted in order to evaluate the performance of three-, four- and five- 

factor models in the UK.  

The five-factor model is based on the same regression model as the one used for 

testing the models in the French market. Therefore, the relevant hypothesis is tested in 

all models. 

𝑯𝟎: The intercepts of the Fama French Model regressions are jointly zero in UK (α 

= 0) 

Again the GRS statistic was employed for testing the above mentioned hypothesis. 

Following the same procedure as before we have constructed a table including the 

GRS tests and the relevant average alphas.  

Rm-Rf SMB HML RMW CMA

Rm-Rf 1.00

SMB -0.13 1.00

HML 0.23 -0.54 1.00

RMW -0.29 0.11 -0.26 1.00

CMA -0.03 -0.02 0.32 -0.14 1.00
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Figure 5.40 

In contrast with the European findings, the GRS test appears to be smaller for all 

portfolios and regression models. Regarding the 6 size- B/M portfolios, it appears that 

the model with least value of GRS is the four- factor model including HML and 

RMW (1.40) with an average alpha of 1.0%. Therefore, it is likely the model which is 

able to explain the size B/M portfolios expected returns is the three factor HML- 

RMW model. Next, for the 6 Size Op portfolios the table gives us mixed results with 

respect to the comparisons between the four and five factor regression models. They 

seem equally capable of explaining the portfolio return variations. Lastly, regarding 

the 6 Size-Inv portfolios, the five factor models seems superior with the lowest GRS 

of 2.73. 

After conducting the GRS testing for all portfolios we will continue with regressing 

each factor on the other in order to test if there are signs of factor redundancy. 

6 Size B/M Portfolios

HML 2.65 0.009

HML RMW 1.40 0.010

HML CMA 3.45 0.009

RMW CMA 3.57 0.009

HML RMW CMA 3.94 0.009

6 Size OP Portfolios

HML 5.15 0.009

RMW 5.35 0.011

HML RMW 4.47 0.011

HML CMA 4.79 0.008

RMW CMA 4.32 0.008

HML RMW CMA 4.60 0.009

6 Size Inv Portfolios

HML 3.87 0.009

CMA 4.14 0.010

HML RMW 4.09 0.008

HML CMA 3.70 0.009

RMW CMA 3.43 0.009

HML RMW CMA 2.73 0.009

GRS 𝐴 𝛼𝐼
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Figure 5.41 

Unfortunately, as it is shown from the Figure 5.41, there are low levels of significance 

for the intercept in all the factors except for CMA. In particular, the intercepts of 

SMB and HML are both negative, close to zero and strongly insignificant. According 

to Fama French these are signs of factor redundancy. Thus, it is likely that the SMB 

and HML factor are redundant. This is completely in line with the findings of our 

study in the European market. From the HML regressions we could see that the slopes 

of SMB, RWM and CMA are positive, negative and again positive, respectively. 

Thus, we could conclude that value stocks behave like stocks with small size, low 

profitability and limited investment tendencies. Following the same rationale, stocks 

with high profitability behave like growth stocks with large cap and a tendency to 

expand their total assets. 

However, if we combine the results from Figure 5.40 and Figure 5.41 we cannot 

conclude with certainty that any factor is redundant in the UK market. As discussed 

before, the picture is clearer in the EU. 

Next, we briefly discuss the regression details of the portfolios’ regressions on 

different set of factor for the UK market.  

6 size-B/M portfolios 

The GRS tests have shown that the four-factor model that includes HML and RMW 

may be able to perform better than all the other models for the 6 size-B/M portfolios. 

The intercepts and factor coefficients for this model are shown in Figure 5.42 below. 

Int RM - RF SMB HML RMW CMA R2

RM - RF

Coef 0.42% 0.03 0.26 -0.46 -0.24 0.13

t-statistic 1.59 0.21 2.96 -4.46 -2.18

SMB

Coef -0.04% 0.00 -0.30 -0.01 0.13 0.32

t-statistic -0.39 0.21 -11.17 -0.35 3.23

HML

Coef -0.02% 0.12 -1.02 -0.18 0.46 0.43

t-statistic -0.11 2.96 -11.17 -2.49 6.53

RMW

Coef 0.17% -0.14 -0.03 -0.12 -0.09 0.13

t-statistic 1.17 -4.46 -0.35 -2.49 -1.52

CMA

Coef -0.26% -0.07 0.27 0.29 -0.09 0.15

t-statistic -1.89 -2.18 3.23 6.53 -1.52
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Figure 5.42 

The individual𝛼𝑖’s are positive and significant as opposed to what was expected 

according to the GRS test. The slopes of HML and RMW are consistent with our 

expectations, taking into account the negative relationship between HML and RMW 

for the high B/M firms. However, low B/M portfolios also display negative RMW 

intercepts and significant with t-statistics of -3.038 (small-cap) and -2.897 (mega-

caps). 

According to the GRS tests in the UK, the five-factor model was not at least the most 

efficient in explaining average returns. As seen, in Figure 5.43, there are no 

significant differences between the five-factor model and the four-factor models that 

drop CMA, with regards to the individual 𝛼𝑖’s. 

 

Figure 5.43 

 

B/M Low Neutral High Low Neutral High

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW Small 0,009 0,009 0,010 4,054 3,961 4,364

HML_RMW Big 0,010 0,009 0,009 4,302 4,270 4,224

HML HML HML HML HML HML

HML t(HML)

HML_RMW Small -0,827 -0,148 0,224 -12,146 -2,102 3,182

HML_RMW Big -0,801 -0,102 0,148 -11,378 -1,495 2,305

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW Small -0,266 -0,284 -0,244 -3,038 -3,127 -2,688

HML_RMW Big -0,263 -0,252 -0,285 -2,897 -2,887 -3,445

SMB, HML, RMW

B/M Low Neutral High Low Neutral High

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW_CMA Small 0,009 0,009 0,010 3,944 4,183 4,317

HML_RMW_CMA Big 0,010 0,009 0,009 4,384 4,266 4,239

HML HML HML HML HML HML

HML t(HML)

HML_RMW_CMA Small -0,807 -0,203 0,227 -11,053 -2,700 3,001

HML_RMW_CMA Big -0,828 -0,109 0,137 -10,963 -1,490 1,990

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW_CMA Small -0,272 -0,267 -0,245 -3,088 -2,949 -2,682

HML_RMW_CMA Big -0,255 -0,250 -0,282 -2,796 -2,846 -3,388

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

HML_RMW_CMA Small -0,067 0,192 -0,011 -0,724 2,016 -0,110

HML_RMW_CMA Big 0,094 0,025 0,038 0,984 0,273 0,430

SMB, HML, RMW, CMA
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The signs of the HML and RMW factor are in line with the previous model. However, 

the CMA slopes in the regressions appear to be insignificant for the size-B/M 

portfolios. 

The rest of the models present similar results and they are displayed in Appendix 7. 

6 size-OP portfolios 

The GRS test for the 6 size-OP portfolios creates a mixed impression regarding the 

most efficient regression model. In general, it seems that three-factor models perform 

slightly worse, so it’s preferable to add more factors to the models. However, there is 

no significant difference between the five-factor model and the rest of the four-factor 

models. 

For that reason, we present only the regression details regarding the five-factor model 

in Figure 5.44 below. The rest are presented in Appendix 8 at the end of the study. 

 

Figure 5.44 

As expected,𝛼𝑖’s are positive and significant for each portofolio. The slopes of HML 

resemble the slopes of RMW in the previous set of regressions for the size-B/M 

portfolios and they are strongly negative. The findings regarding the CMA slopes are 

mixed. CMA displays strongly positive slopes with regards to small weak firms and 

big robust firms. 

 

 

OP Weak Neutral Robust Weak Neutral Robust

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,008 0,009 0,011 3,516 4,051 5,097

Big 0,010 0,010 0,007 4,789 4,640 3,175

HML HML HML HML HML HML

HML t(HML)

Small -0,424 0,035 -0,471 -5,499 0,493 -6,346

Big -0,456 0,021 -0,409 -6,200 0,301 -5,300

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0,896 -0,152 0,225 -9,627 -1,769 2,514

Big -0,768 -0,159 0,111 -8,670 -1,851 1,196

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0,231 -0,008 -0,044 2,365 -0,084 -0,463

Big -0,097 0,063 0,178 -1,038 0,694 1,821

SMB, HML, RMW, CMA
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6 size-Inv portfolios 

As found in the French and European study, the five-factor model seems to perform 

better for the size-Inv sorted portfolios. Recalling for the GRS tests, the model had the 

lowest GRS statistic at 2.73. 

The original three-factor model regressions result in positive ,𝛼𝑖’s as shown in Figure 

5.45 below. 

 

Figure 5.45 

The four-factor models yield the same results regarding the intercepts and they are 

presented in Appendix 9. 

It is important to demonstrate the intercept and slopes of the five-factor regression, as 

it appears to be the best performing model, comparing to all the rest. However, figure 

5.46 below shows that there is no improvement regarding𝛼𝑖’s. It is important to note 

the RMW and HML display negative and significant slopes in regressions for the 

size-Inv portfolios constructed based on the UK market. That means that portfolios 

constructed by using this kind of sorts tend to behave like growth and weak portfolios. 

That result applies for all combinations of size and investment characteristics. 

 

Figure 5.46 

Inv Conservative Neutral Aggressive Conservative Neutral Aggressive

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,007 0,009 0,010 2,907 3,924 4,261

Big 0,007 0,009 0,010 3,134 4,159 4,250

SMB, HML

Inv Conservative Neutral Aggressive Conservative Neutral Aggressive

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0,010 0,009 0,009 4,307 4,173 4,065

Big 0,009 0,009 0,010 4,099 4,365 4,309

HML HML HML HML HML HML

HML t(HML)

Small -0,371 -0,173 -0,250 -4,907 -2,330 -3,439

Big -0,276 -0,123 -0,397 -3,828 -1,702 -5,255

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0,382 -0,142 -0,301 -4,197 -1,586 -3,432

Big -0,313 -0,121 -0,394 -3,602 -1,393 -4,335

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0,629 0,113 -0,602 6,568 1,205 -6,533

Big 0,404 0,095 -0,365 4,429 1,040 -3,819

SMB, HML, RMW, CMA
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In general, the individual portfolio regressions display positive intercepts, as was 

expected by the GRS results. The model performance results are mixed for the size-

B/M and size-OP portfolios. According to GRS tests though, the five-factor model 

tends to perform better than the other models regarding the explanation of average 

returns on sorts of size-Inv portfolios. Yet using individual regressions on portfolios, 

we cannot conclude with certainty that the five-factor model is the best. Also, most of 

the factor slopes in the regressions turn out to be negative.  

5.6 Dataset and study limitations 

 

Even though, the current study was conducted to include the vast majority of the 

European market, it also suffers from limitations which need to be discussed. The 

aforementioned limitations can be observed within the country and companies 

sample, the time sample period as well as specific characteristics of the sample period 

such the “.com” crisis in 1999 and the global financial crisis in 2008. They are also 

related to the equity asset pricing models and database used. 

The first limitation lies within the companies and countries selected. Since, this study 

is concentrated on the European Union market as an integrated market, it is focused 

only on stock returns of firms listed in EU stock exchanges. In addition, the 

companies selected within each country represent a small sample comparing to the 

overall amount of companies listed in each respective country. In order to conduct the 

empirical analysis, all necessary accounting and return information should be 

available for each company. However, it was not necessary that this information 

should have been available for the whole time span being tested, since that would lead 

to survivorship biases. The authors aimed at having all the accounting and return data 

for companies e.g. book-to-market ratio, operating income, for at least every time the 

portfolio was rebalanced. Thus, there is some possibility that the empirical analysis 

does not properly reflect the equity characteristics of each individual country. 

Secondly, the companies within each country displayed various different 

characteristics. For example, it can be noticed that the mean size of the large-cap 

portfolios was significantly larger than the respective size of the micro-cap portfolios, 

as shown in the summary statistics of EU, France and the UK sample. Therefore, the 

samples contain a large number of micro stocks, which might also not perform very 

well and bias the final results. However, picking micro stocks could not be avoided; 
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as the whole EU market is being tested, dropping out this kind of stock might have 

created a selection bias. 

Another potential source of bias is related to the choice of the sample period. The 

period from the beginning July 1990 to June 2015 incorporates the “.com” crisis in 

1999 and the global financial crisis of 2008. Due to that, many companies in the 

samples could have displayed relatively low returns. In addition, that might be the 

reason for high GRS statistics in the performance tests of the models, since there 

might be a possibility that these particular asset pricing models do not present 

appropriate results in periods of crises. 

The authors intended to test a recently introduced concept by Fama & French, which 

was an extension of the original three-factor asset pricing model including two more 

factors. In addition, this model was compared to the three-factor model and various 

four-factor models with the same concept. Thus, the performance and validity of other 

pricing models has not been tested. 

Lastly, as mentioned in previous sections, this study does not combine various 

databases in order to extract the necessary data for the analysis. In fact, only financial 

Database Thomson Reuters DataStream was used for this study. However, the 

combination of different databases could have created consistency issues with regards 

to data interpretation. 

6.   Recommendations to investors based on the Empirical 

Analysis 

 

In this section we will sum up the findings of the empirical analysis in order to make 

the proper recommendations for potential investors of the EU market.  

6.1 Investment choice regarding portfolio formation 

 

It is common knowledge that investors base their investment decisions on a beneficial 

trade-off between risk and return. Optimally, an investment should deliver the 

maximum possible return while having the minimum possible risk. In the EU, there is 

not a clear optimal investment choice. An average EU firm seems to be a value and a 
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profitable firm. However, it would be worth mentioning that the growth, profitable 

and aggressive firms offer the highest returns with respect to their standard deviation. 

The same image stands for the French market too. By watching the risk- return trade-

off in the British portfolios the picture is straightforward. In the size- B/M portfolios 

the large cap growth portfolios can be considered as the superior investment choice as 

they deliver the highest return (1.35%) with the least risk (5.84%). However, there is 

not a noticeable trend in the other two portfolios, Size- Profitability and Size- 

Investment. In general, in the former, the robust ones outperform the weak ones while 

in the latter, the aggressive are connected to higher returns than the conservative.  

After showing the trends regarding the risk- return trade-off a potential investor would 

be interested to know about the size, value, profitability and investment effects as 

defined in the analysis section. It seems that in the EU growth firms outperform value 

firms; profitable firm returns are superior to weak ones while aggressive firms 

outperform the conservative ones. In France, there are the same results found. UK 

differentiate to a small extent. In the size- Profitability portfolios, large cap weak 

firms outperform the profitable ones. That phenomenon is more intense in the period 

of growth of the Internet bubble in late 90’s. A rational interpretation would be that 

investors in late 90’s massively bought low profitability firms before the bubble burst. 

In general, the graphs suggest that there is no value and investment effect but there is 

a strong profitability effect. In terms of the size effect, one could say that on average 

size effect disappears in all combinations of portfolios, which is consistent with all the 

studies referenced in the empirical analysis section. 

6.2 Investment choice regarding risk factors 

 

A potential investor would be also interested in the performance of factors that are 

formed from the above mentioned portfolios. In the EU market, the average returns on 

the SMB and RMW factors are positive but the SMB premium had no significance. 

On the contrary the HML and CMA factors deliver negative returns, which are 

strongly significant. Again, going long on growth, profitable and aggressive firms 

while shorting the value, limited profitable and conservative firms would offer the 

best solution returns- wise. The same picture stands for France but not in the UK, 

where the safest recommendation would include only going long on aggressive firms 
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while shorting the conservative ones. That happens because all the other factors are 

not strongly significant. 

The above findings can be also verified by observing the performance of all the 

relevant factors through time in the combined with their correlations shown in 

previous figures. 

In the EU and France, the findings are similar. There is an extreme soar the 

profitability factor regardless the economic events which marked that period. It seems 

that the profitable firms are outperforming the weak ones at all times and thus 

investors trust them. HML and CMA move downwards together without having 

strong correlation while SMB seems uncorrelated with any other factor. The picture is 

different in the UK, however. There is not a clear pattern here. Profitable firms 

outperform less profitable firms in the periods during the periods before the 

recovering from the two main market crashes, the dotcom crisis and global financial 

crisis in 2008, respectively. It shares a negative correlation with the market of -0.3. 

Also, SMB and HML are strongly uncorrelated but they converge to the same values 

during crises. This means that during crises, big stocks in the UK outperform small 

stocks while growth stocks outperform value stocks. Overall, in the UK, during 

recessions it is recommended that investors should turn to profitable, big and growth 

firms. 

6.3 Investment choice regarding asset pricing models 

 

In order to utilize the benefits of the factors and take the right investment decisions, 

the relevant asset pricing models which can explain the variations of average stock 

returns were employed and evaluated. 

Firstly, the GRS test was used for the first evaluation of the empirical results. In 

Europe, in the Size B/M portfolios, the model which can explain best the returns is the 

Fama French 3- factor model which includes the HML factor. In the Size- 

Profitability the three factor model including RMW is selected. Lastly, for the Size- 

Investment portfolio, the four (RMW, CMA) and five factor model are equally 

explanatory. However, the selected four factor model has slightly less GRS, which is 

a sign that HML factor could be redundant, which is in line with the original Fama 

French paper (2014). For the UK the best explaining model for the B/M portfolio is 
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the four-factor which includes the HML and RMW, for the Size-Profitability, the 

three factor RMW is superior while for the Size-Investment the five-factor model is 

able to explain the returns better. For France the results are different too. For size -

B/M, -Profitability, - Investment the models which best explaining model are the 

three- factor HML, the three-factor RMW and the four- factor HML, CMA. From 

those result, it is obvious that finding the model best model in our case is dependent 

both on the portfolio sorting and the different market. 

The next step, is to evaluate the intercepts and the coefficients while running factor 

spanning tests. In Europe, the results of those tests imply that the HML and SML 

factors are redundant. European profitable firms can display characteristics of growth 

and conservative firms. Also, the ones that have low or no asset growth behave like 

profitable value companies. In the UK, we cannot conclude to the same results. In that 

market, value stocks behave like stocks with small size, low profitability and limited 

investment tendencies while robust stocks behave like large cap growth stocks with 

high investment tendencies. 

The intercepts resulted from individual portfolio regressions confirm the results of the 

GRS tests. In fact, none of the models can be characterized as perfect with regards to 

explaining average returns in any market tested. However, the models seem to have a 

good fit for some specific portfolios in the EU and France, according to regressions 

based on these individual portfolios. Specifically, for Europe in the size-Inv sorts, 

applying three-factor model with HML and four-factor model with HML and RMW, 

leads to alphas close to zero for small, conservative firms. Also, in the size-OP sorts, 

applying three-factor model with HML leads to alphas close to zero for small and big 

weak firms and four-factor model with HML and CMA leads to alphas close to zero 

for the same type of firms. Lastly, in France, in the size-OP sorts, applying three-

factor model with HML leads to alphas close to zero for small and big weak firms and 

four-factor model with HML and CMA leads to alphas close to zero for small, weak 

firms. 

6.4 Recommendations for further research 

 

This study was conducted including all countries within the EU. However, as shown 

in the Empirical Analysis section, France seemed to bias the EU sample significantly 
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with regards to the factors created.  A solution would be to either include more 

countries in the broader sample that could offset this effect, or select a limited amount 

of EU countries according to specific characteristics.  

Additionally, further research could focus on testing the Fama & French five-factor 

asset pricing model on a domestic level in each country, since domestic versions of 

models seem to outperform global applications. Another useful study could be to test 

the model from the eyes of a different investor e.g. a US investor. In that case, the 

market factor could be a US-based stock index. Also, a global index could be 

employed to construct the market portfolio. Lastly, future research could focus on 

applying other asset-pricing models for the same sample, like, for example, the 

Carhart Four Factor Model. 

7. Conclusion 

 

Overall, this study aimed to provide recommendations that can be given to investors, 

who want to investigate time-series variations of stock returns within the EU based on 

versions of multifactor asset pricing models. The EU was chosen as an integrated 

market which can provide plenty of investment opportunities. Specifically, the Fama 

& French five-factor model was employed, in order to test its ability to explain 

average returns in the broader EU equity market. Next, three- and four- factor models 

were used in order to compare the five-factor model’s relevant performance. The 

study was also applied to more narrow markets, within the EU. The markets selected 

were the UK and France, since they represented a large proportion of the overall 

sample. 

In general, the five-factor model does not appear to be superior for any of the markets 

being tested. This is confirmed both by joint intercept tests (GRS) as well as by the 

individual portfolio regressions. However, for some specific sorts of portfolios, the 

five-factor model may seem to provide a more precise prediction for average returns. 

In specific, the five-factor model including the profitability and investment factor 

appears to be able to explain returns better according to the GRS tests on regression of 

size-Inv portfolios in the EU market and size-Inv portfolios in the UK market. In 

addition, the regressions conducted in France and the UK provided a confusing result 
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regarding any proof of factor redundancy. However, in the large EU sample, the 

average returns of the HML and SMB factors seem to be fully captured by their 

exposures to the other factors of the five-factor model.  
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8. Appendices 

Appendix 1: Intercepts and coefficients regarding three-, four- and five-factor model 

for Size- B/M portfolio for the EU. 

 

B/M Low Neutral High Low Neutral High

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.006 0.002 0.007 4.116 1.311 4.757

Big 0.006 0.004 0.004 3.774 3.662 2.957

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW Small 0.007 0.002 0.009 4.785 1.653 5.788

HML_RMW Big 0.008 0.005 0.006 4.872 3.915 3.682

HML HML HML HML HML HML

HML t(HML)

HML_RMW Small -0.701 0.021 0.543 -14.445 0.425 10.445

HML_RMW Big -0.426 -0.032 0.330 -8.180 -0.795 6.572

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW Small -0.149 -0.074 -0.223 -2.683 -1.311 -3.760

HML_RMW Big -0.230 -0.064 -0.156 -3.874 -1.382 -2.716

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_CMA Small 0.007 0.002 0.006 4.708 1.548 4.131

HML_CMA Big 0.005 0.004 0.005 3.231 3.723 3.638

HML HML HML HML HML HML

HML t(HML)

HML_CMA Small -0.675 0.035 0.629 -14.717 0.753 12.616

HML_CMA Big -0.341 -0.017 0.356 -6.798 -0.430 7.524

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

HML_CMA Small 0.157 0.068 -0.157 3.008 1.273 -2.769

HML_CMA Big -0.134 0.030 0.179 -2.359 0.693 3.337

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

RMW_CMA Small 0.009 0.003 0.008 4.565 1.959 3.972

RMW_CMA Big 0.007 0.005 0.007 4.172 4.052 4.111

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

RMW_CMA Small 0.122 -0.089 -0.434 1.777 -1.677 -6.588

RMW_CMA Big -0.048 -0.054 -0.306 -0.790 -1.238 -5.477

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

RMW_CMA Small 0.044 0.081 -0.026 0.650 1.524 -0.397

RMW_CMA Big -0.182 0.032 0.258 -2.982 0.743 4.640

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW_CMA Small 0.008 0.003 0.008 5.565 1.960 5.106

HML_RMW_CMA Big 0.007 0.005 0.007 4.298 4.014 4.573

HML HML HML HML HML HML

HML t(HML)

HML_RMW_CMA Small -0.730 0.008 0.564 -15.101 0.166 10.769

HML_RMW_CMA Big -0.409 -0.039 0.297 -7.767 -0.937 5.969

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW_CMA Small -0.175 -0.086 -0.204 -3.185 -1.503 -3.434

HML_RMW_CMA Big -0.215 -0.070 -0.185 -3.595 -1.492 -3.278

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

HML_RMW_CMA Small 0.179 0.079 -0.130 3.465 1.470 -2.323

HML_RMW_CMA Big -0.106 0.039 0.203 -1.891 0.893 3.812

SMB, HML, RMW, CMA

SMB, HML

SMB, HML, RMW

SMB, HML, CMA

SMB, RMW, CMA
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Appendix 2: Intercepts and coefficients regarding three-, four- and five-factor model 

for Size- Profitability portfolio for the EU. 

 

 

OP Weak Neutral Robust Weak Neutral Robust

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small -0.001 0.006 0.009 -0.376 3.706 5.365

Big 0.001 0.005 0.008 0.657 3.992 5.559

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.007 0.007 0.004 4.438 4.226 2.707

Big 0.005 0.006 0.007 3.238 4.228 4.938

HML HML HML HML HML HML

HML t(HML)

Small -0.027 -0.023 -0.072 -0.542 -0.450 -1.488

Big -0.091 -0.002 -0.046 -1.958 -0.038 -0.950

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.898 -0.131 0.601 -15.996 -2.193 10.923

Big -0.437 -0.073 0.063 -8.249 -1.379 1.147

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small -0.002 0.006 0.010 -0.801 3.663 6.139

Big 0.002 0.005 0.008 1.039 3.873 5.384

HML HML HML HML HML HML

HML t(HML)

Small 0.261 0.014 -0.279 4.086 0.288 -5.241

Big 0.028 0.021 -0.063 0.579 0.474 -1.386

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small -0.150 0.012 0.225 -2.070 0.212 3.721

Big 0.104 -0.006 -0.011 1.890 -0.119 -0.215

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.006 0.007 0.005 4.175 4.250 3.414

Big 0.006 0.006 0.007 4.051 4.127 4.734

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.885 -0.124 0.618 -16.721 -2.199 12.012

Big -0.413 -0.073 0.083 -8.341 -1.455 1.605

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small -0.038 0.024 0.132 -0.726 0.435 2.577

Big 0.143 0.003 -0.028 2.893 0.064 -0.534

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.006 0.007 0.005 4.150 4.222 3.356

Big 0.006 0.006 0.007 3.993 4.115 4.696

HML HML HML HML HML HML

HML t(HML)

Small -0.021 -0.028 -0.096 -0.423 -0.532 -1.984

Big -0.117 -0.002 -0.043 -2.534 -0.049 -0.869

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.893 -0.135 0.579 -15.739 -2.241 10.561

Big -0.461 -0.074 0.066 -8.769 -1.373 1.187

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small -0.034 0.030 0.150 -0.641 0.520 2.894

Big 0.164 0.004 -0.020 3.314 0.071 -0.376

SMB, HML

SMB, HML, RMW

SMB, HML, CMA

SMB, RMW, CMA

SMB, HML, RMW, CMA
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Appendix 3: Intercepts and coefficients regarding three-, four- and five-factor model 

for Size- Inv portfolio for the EU. 

 

 

Inv Conservative Neutral Aggressive Conservative Neutral Aggressive

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.000 0.005 0.009 0.140 3.428 5.118

Big 0.003 0.005 0.006 2.199 3.974 3.889

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.001 0.005 0.012 0.581 3.206 6.913

Big 0.005 0.005 0.008 3.071 4.179 4.814

HML HML HML HML HML HML

HML t(HML)

Small -0.145 0.085 -0.098 -2.204 1.720 -1.720

Big 0.094 0.032 -0.276 1.813 0.764 -5.131

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.109 0.009 -0.374 -1.449 0.159 -5.760

Big -0.182 -0.061 -0.208 -3.075 -1.277 -3.396

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.004 0.005 0.005 2.864 3.358 3.634

Big 0.005 0.005 0.005 3.690 3.929 2.932

HML HML HML HML HML HML

HML t(HML)

Small -0.198 0.082 0.090 -3.989 1.749 1.954

Big 0.108 0.049 -0.180 2.315 1.234 -3.617

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.729 0.003 -0.642 12.938 0.056 -12.277

Big 0.350 0.010 -0.279 6.643 0.228 -4.927

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.007 0.005 0.008 4.006 3.045 5.370

Big 0.007 0.005 0.006 5.004 4.130 3.787

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.111 -0.026 -0.286 -1.924 -0.482 -5.738

Big -0.251 -0.075 -0.076 -4.908 -1.676 -1.309

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.708 0.017 -0.605 12.377 0.329 -12.210

Big 0.387 0.024 -0.300 7.617 0.534 -5.227

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.006 0.005 0.008 3.989 3.115 5.357

Big 0.007 0.005 0.006 5.020 4.149 3.743

HML HML HML HML HML HML

HML t(HML)

Small -0.267 0.085 0.000 -5.139 1.685 -0.007

Big 0.033 0.029 -0.234 0.674 0.681 -4.442

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.219 0.009 -0.286 -3.717 0.153 -5.350

Big -0.238 -0.064 -0.171 -4.336 -1.319 -2.854

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.757 0.002 -0.605 13.614 0.034 -12.004

Big 0.381 0.019 -0.257 7.380 0.408 -4.550

SMB, HML, RMW, CMA

SMB, HML

SMB, HML, RMW

SMB, HML, CMA

SMB, RMW, CMA



94 
  

Appendix 4: Intercepts and coefficients regarding three-, four- and five-factor model 

for Size- B/M portfolio for France. 

 

B/M Low Neutral High Low Neutral High

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.009 0.005 0.013 4.983 2.750 6.082

Big 0.011 0.008 0.007 5.204 5.073 4.187

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW Small 0.008 0.005 0.017 4.237 2.843 7.933

HML_RMW Big 0.016 0.008 0.007 7.423 4.777 3.717

HML HML HML HML HML HML

HML t(HML)

HML_RMW Small -0.679 -0.144 0.446 -16.470 -3.632 9.720

HML_RMW Big -0.640 0.004 0.235 -14.296 0.102 6.072

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW Small 0.085 -0.047 -0.397 1.344 -0.760 -5.628

HML_RMW Big -0.445 -0.002 0.038 -6.447 -0.039 0.640

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_CMA Small 0.010 0.004 0.014 5.269 2.215 6.242

HML_CMA Big 0.011 0.008 0.007 5.119 5.036 4.175

HML HML HML HML HML HML

HML t(HML)

HML_CMA Small -0.751 -0.046 0.478 -15.794 -1.009 8.578

HML_CMA Big -0.551 -0.001 0.220 -9.927 -0.026 4.909

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

HML_CMA Small 0.128 -0.210 0.106 2.035 -3.512 1.430

HML_CMA Big -0.005 0.012 0.018 -0.068 0.219 0.297

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

RMW_CMA Small 0.007 0.005 0.018 2.853 2.593 7.385

RMW_CMA Big 0.015 0.008 0.007 5.718 4.783 3.763

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

RMW_CMA Small 0.250 -0.095 -0.470 2.859 -1.546 -5.845

RMW_CMA Big -0.373 0.001 0.007 -4.390 0.018 0.109

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

RMW_CMA Small -0.358 -0.274 0.318 -4.752 -5.193 4.596

RMW_CMA Big -0.535 0.012 0.185 -7.327 0.238 3.384

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW_CMA Small 0.009 0.005 0.017 4.434 2.638 7.909

HML_RMW_CMA Big 0.015 0.008 0.007 7.311 4.772 3.735

HML HML HML HML HML HML

HML t(HML)

HML_RMW_CMA Small -0.740 -0.055 0.442 -15.504 -1.216 8.248

HML_RMW_CMA Big -0.595 -0.001 0.224 -11.420 -0.024 4.958

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW_CMA Small 0.124 -0.104 -0.395 1.912 -1.688 -5.416

HML_RMW_CMA Big -0.474 0.001 0.045 -6.688 0.015 0.734

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

HML_RMW_CMA Small 0.158 -0.235 0.010 2.449 -3.829 0.135

HML_RMW_CMA Big -0.120 0.012 0.029 -1.701 0.216 0.466

SMB, HML, RMW, CMA

SMB, HML

SMB, HML, RMW

SMB, HML, CMA

SMB, RMW, CMA
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Appendix 5: Intercepts and coefficients regarding three-, four- and five-factor model 

for Size- Profitability portfolio for France. 

 

OP Weak Neutral Robust Weak Neutral Robust

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.003 0.008 0.015 0.953 4.506 7.628

Big 0.005 0.008 0.013 2.724 5.316 7.147

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.014 0.007 0.010 6.713 3.560 5.127

Big 0.009 0.008 0.013 4.910 4.986 6.742

HML HML HML HML HML HML

HML t(HML)

Small -0.175 -0.028 -0.220 -4.008 -0.704 -5.480

Big -0.246 0.038 -0.201 -6.183 1.105 -4.791

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -1.085 0.126 0.529 -16.116 2.070 8.570

Big -0.392 0.001 -0.006 -6.400 0.016 -0.093

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.004 0.007 0.015 1.487 3.854 7.558

Big 0.006 0.008 0.013 3.007 5.215 6.884

HML HML HML HML HML HML

HML t(HML)

Small -0.093 0.070 -0.331 -1.357 1.584 -6.346

Big -0.222 0.042 -0.169 -4.551 1.041 -3.490

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.305 -0.286 0.017 3.351 -4.886 0.240

Big 0.125 -0.009 -0.072 1.931 -0.160 -1.119

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.014 0.006 0.010 6.454 3.410 4.826

Big 0.009 0.008 0.013 4.498 4.994 6.399

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -1.041 0.046 0.615 -14.766 0.769 9.256

Big -0.340 -0.008 0.004 -5.157 -0.154 0.061

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small -0.090 -0.219 -0.040 -1.478 -4.218 -0.702

Big -0.148 0.020 -0.198 -2.610 0.430 -3.409

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.014 0.006 0.010 6.735 3.357 5.330

Big 0.009 0.008 0.013 4.927 4.954 6.648

HML HML HML HML HML HML

HML t(HML)

Small -0.192 0.076 -0.278 -3.762 1.694 -6.002

Big -0.258 0.042 -0.171 -5.554 1.028 -3.504

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -1.074 0.059 0.567 -15.457 0.977 8.983

Big -0.384 -0.001 -0.025 -6.075 -0.024 -0.377

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.044 -0.272 0.154 0.641 -4.500 2.453

Big 0.032 -0.009 -0.078 0.507 -0.160 -1.176

SMB, HML

SMB, HML, RMW

SMB, HML, CMA

SMB, RMW, CMA

SMB, HML, RMW, CMA
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Appendix 6: Intercepts and coefficients regarding three-, four- and five-factor model 

for Size- Inv portfolio for France. 

 

 

 

Inv Conservative Neutral Aggressive Conservative Neutral Aggressive

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.007 0.008 0.011 2.601 4.780 5.435

Big 0.006 0.009 0.011 3.243 5.761 5.257

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.013 0.007 0.011 5.005 3.598 5.159

Big 0.008 0.009 0.014 3.916 5.456 6.181

HML HML HML HML HML HML

HML t(HML)

Small -0.073 -0.028 -0.316 -1.348 -0.722 -6.812

Big 0.045 0.019 -0.472 1.067 0.567 -10.183

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.582 0.166 -0.012 -6.953 2.803 -0.164

Big -0.161 -0.007 -0.241 -2.470 -0.138 -3.378

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.011 0.007 0.008 4.798 4.242 4.654

Big 0.008 0.009 0.010 4.185 5.568 4.719

HML HML HML HML HML HML

HML t(HML)

Small -0.314 0.032 -0.067 -5.517 0.720 -1.429

Big -0.065 0.037 -0.312 -1.373 0.944 -5.835

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.829 -0.215 -0.575 10.992 -3.683 -9.237

Big 0.331 -0.039 -0.264 5.286 -0.736 -3.734

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.014 0.006 0.010 5.836 3.465 5.177

Big 0.008 0.009 0.012 4.328 5.422 5.446

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.343 0.113 -0.148 -4.338 1.897 -2.330

Big -0.073 -0.024 -0.267 -1.129 -0.443 -3.544

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.486 -0.156 -0.672 7.158 -3.037 -12.278

Big 0.260 -0.018 -0.582 4.685 -0.388 -8.977

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.014 0.006 0.010 6.464 3.428 5.256

Big 0.008 0.009 0.013 4.391 5.384 6.071

HML HML HML HML HML HML

HML t(HML)

Small -0.351 0.043 -0.082 -6.416 0.969 -1.749

Big -0.073 0.036 -0.342 -1.529 0.894 -6.566

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.403 0.121 -0.162 -5.402 2.003 -2.539

Big -0.085 -0.018 -0.325 -1.314 -0.327 -4.591

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.731 -0.186 -0.615 9.861 -3.102 -9.663

Big 0.310 -0.043 -0.343 4.813 -0.792 -4.867

SMB, HML, RMW, CMA

SMB, HML

SMB, HML, RMW

SMB, HML, CMA

SMB, RMW, CMA
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Appendix 7: Intercepts and coefficients regarding three-, four- and five-factor model 

for Size- B/M portfolio for the UK. 

 

B/M Low Neutral High Low Neutral High

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.008 0.008 0.009 3.769 3.667 4.117

Big 0.009 0.009 0.008 4.031 4.000 3.887

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW Small 0.009 0.009 0.010 4.054 3.961 4.364

HML_RMW Big 0.010 0.009 0.009 4.302 4.270 4.224

HML HML HML HML HML HML

HML t(HML)

HML_RMW Small -0.827 -0.148 0.224 -12.146 -2.102 3.182

HML_RMW Big -0.801 -0.102 0.148 -11.378 -1.495 2.305

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW Small -0.266 -0.284 -0.244 -3.038 -3.127 -2.688

HML_RMW Big -0.263 -0.252 -0.285 -2.897 -2.887 -3.445

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_CMA Small 0.008 0.009 0.009 3.685 3.936 4.097

HML_CMA Big 0.009 0.009 0.008 4.151 4.029 3.942

HML HML HML HML HML HML

HML t(HML)

HML_CMA Small -0.774 -0.170 0.257 -10.558 -2.262 3.394

HML_CMA Big -0.797 -0.078 0.172 -10.542 -1.072 2.468

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

HML_CMA Small -0.041 0.217 0.013 -0.441 2.261 0.131

HML_CMA Big 0.118 0.049 0.064 1.226 0.525 0.726

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

RMW_CMA Small 0.009 0.009 0.010 3.364 4.156 4.237

RMW_CMA Big 0.010 0.009 0.009 3.741 4.267 4.204

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

RMW_CMA Small -0.129 -0.231 -0.285 -1.243 -2.553 -3.112

RMW_CMA Big -0.108 -0.231 -0.306 -1.010 -2.651 -3.700

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

RMW_CMA Small -0.437 0.099 0.093 -4.238 1.103 1.032

RMW_CMA Big -0.285 -0.025 0.101 -2.682 -0.285 1.227

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

HML_RMW_CMA Small 0.009 0.009 0.010 3.944 4.183 4.317

HML_RMW_CMA Big 0.010 0.009 0.009 4.384 4.266 4.239

HML HML HML HML HML HML

HML t(HML)

HML_RMW_CMA Small -0.807 -0.203 0.227 -11.053 -2.700 3.001

HML_RMW_CMA Big -0.828 -0.109 0.137 -10.963 -1.490 1.990

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

HML_RMW_CMA Small -0.272 -0.267 -0.245 -3.088 -2.949 -2.682

HML_RMW_CMA Big -0.255 -0.250 -0.282 -2.796 -2.846 -3.388

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

HML_RMW_CMA Small -0.067 0.192 -0.011 -0.724 2.016 -0.110

HML_RMW_CMA Big 0.094 0.025 0.038 0.984 0.273 0.430

SMB, HML, RMW, CMA

SMB, HML

SMB, HML, RMW

SMB, HML, CMA

SMB, RMW, CMA
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Appendix 8: Intercepts and coefficients regarding three-, four- and five-factor model 

for Size- Profitability portfolio for the UK. 

 

OP Weak Neutral Robust Weak Neutral Robust

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.006 0.008 0.012 2.137 3.949 5.359

Big 0.009 0.009 0.007 3.799 4.434 3.070

Four- factor intercepts : RM - RF, SMB, HML, RMWInt Int Int Int Int Int

α t(α)

Small 0.007 0.009 0.011 3.245 4.093 5.188

Big 0.011 0.010 0.007 4.936 4.595 2.978

HML HML HML HML HML HML

HML t(HML)

Small -0.358 0.033 -0.483 -4.940 0.497 -6.996

Big -0.483 0.039 -0.358 -7.052 0.593 -4.959

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.915 -0.151 0.229 -9.802 -1.772 2.570

Big -0.760 -0.165 0.096 -8.610 -1.923 1.032

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.007 0.008 0.012 2.483 3.923 5.234

Big 0.009 0.010 0.007 3.738 4.503 3.263

HML HML HML HML HML HML

HML t(HML)

Small -0.315 0.054 -0.498 -3.592 0.757 -6.724

Big -0.362 0.041 -0.422 -4.436 0.576 -5.531

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.316 0.007 -0.065 2.822 0.076 -0.686

Big -0.024 0.078 0.167 -0.229 0.861 1.719

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.008 0.009 0.011 3.383 4.053 4.817

Big 0.011 0.010 0.007 4.541 4.645 3.068

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.821 -0.158 0.308 -8.490 -1.864 3.262

Big -0.688 -0.163 0.183 -7.374 -1.919 1.905

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.037 0.009 -0.259 0.384 0.102 -2.772

Big -0.306 0.073 -0.009 -3.307 0.863 -0.098

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.008 0.009 0.011 3.516 4.051 5.097

Big 0.010 0.010 0.007 4.789 4.640 3.175

HML HML HML HML HML HML

HML t(HML)

Small -0.424 0.035 -0.471 -5.499 0.493 -6.346

Big -0.456 0.021 -0.409 -6.200 0.301 -5.300

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.896 -0.152 0.225 -9.627 -1.769 2.514

Big -0.768 -0.159 0.111 -8.670 -1.851 1.196

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.231 -0.008 -0.044 2.365 -0.084 -0.463

Big -0.097 0.063 0.178 -1.038 0.694 1.821

SMB, HML

SMB, HML, CMA

SMB, RMW, CMA

SMB, HML, RMW, CMA
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Appendix 9: Intercepts and coefficients regarding three-, four- and five-factor model 

for Size- Inv portfolio for France for the UK. 

 

 

Inv Conservative Neutral Aggressive Conservative Neutral Aggressive

Three- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.007 0.009 0.010 2.907 3.924 4.261

Big 0.007 0.009 0.010 3.134 4.159 4.250

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.008 0.009 0.010 3.353 4.060 4.506

Big 0.008 0.009 0.011 3.512 4.274 4.656

HML HML HML HML HML HML

HML t(HML)

Small -0.191 -0.141 -0.422 -2.534 -2.030 -5.810

Big -0.160 -0.096 -0.501 -2.313 -1.422 -6.953

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.436 -0.152 -0.249 -4.487 -1.701 -2.665

Big -0.347 -0.129 -0.363 -3.892 -1.493 -3.914

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.009 0.009 0.008 3.913 4.062 3.766

Big 0.008 0.009 0.009 3.780 4.271 3.898

HML HML HML HML HML HML

HML t(HML)

Small -0.324 -0.156 -0.213 -4.217 -2.115 -2.913

Big -0.238 -0.108 -0.349 -3.268 -1.512 -4.530

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.665 0.127 -0.573 6.779 1.350 -6.133

Big 0.434 0.106 -0.328 4.675 1.168 -3.338

Four- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.010 0.009 0.009 4.173 4.156 4.012

Big 0.009 0.009 0.010 4.029 4.362 4.154

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.317 -0.111 -0.257 -3.381 -1.249 -2.905

Big -0.264 -0.099 -0.324 -3.003 -1.152 -3.446

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.459 0.034 -0.716 4.944 0.385 -8.186

Big 0.278 0.039 -0.547 3.190 0.454 -5.865

Five- factor intercepts : RM - RF,Int Int Int Int Int Int

α t(α)

Small 0.010 0.009 0.009 4.307 4.173 4.065

Big 0.009 0.009 0.010 4.099 4.365 4.309

HML HML HML HML HML HML

HML t(HML)

Small -0.371 -0.173 -0.250 -4.907 -2.330 -3.439

Big -0.276 -0.123 -0.397 -3.828 -1.702 -5.255

RMW RMW RMW RMW RMW RMW

RMW t(RMW)

Small -0.382 -0.142 -0.301 -4.197 -1.586 -3.432

Big -0.313 -0.121 -0.394 -3.602 -1.393 -4.335

CMA CMA CMA CMA CMA CMA

CMA t(CMA)

Small 0.629 0.113 -0.602 6.568 1.205 -6.533

Big 0.404 0.095 -0.365 4.429 1.040 -3.819

SMB, HML, RMW, CMA

SMB, HML

SMB, HML, RMW

SMB, HML, CMA

SMB, RMW, CMA
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