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ABSTRACT 
 
 
Integration in the EMU stock markets has some major implications for investors, their international 

portfolio diversification possibilities and the way they should price stocks. This paper will add an 

insight and provide evidence in the discussion whether or not the EMU stock market is can regarded as 

an integrated market, and what this means for the way stocks should be priced. 

This paper’s main contribution is providing evidence of EMU stock market integration by using a non-

correlation method and asset pricing models, and what asset pricing model is able to price the stocks 

best in the integrated EMU zone. 

Using the principal component analysis, we have shown that there is an increasing degree of integration 

in the EMU zone. Although the rate of the smaller EMY countries is higher, the larger EMU countries 

were already quite integrated. 

This article also uses local, EMU and combined (EMU and local) factor models to see which model is 

able to price EMU stocks as a way of testing integration. We show that the Fama and French three factor 

model is better at pricing stocks for individual countries better than CAPM. 

This article shows that the EMU factors are doing quite well on pricing stocks, especially in the larger 

countries, although local factors still have an impact. Considering different time frames, we see that the 

local factors have lost much of their additional explanatory power in the post-2001 period. 

Finally, this paper shows that an EMU factor model is able to price all EMU stocks better than countries 

individually. 
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1 Introduction 
 
 

After the completion of the European Economic and Monetary Union (EMU),  with the signing of the 

Maastricht Treaty in 1992, and eventually the introduction of the euro in 1999, Europe is supposed to 

have seen a remarkable economic integration ever since. As the euro was only introduced relatively 

recently, there are still limited academic studies on what impact the EMU (and the introduction of the 

euro) has on the EMU stock market, the integration of the EMU stock markets and its impact on stock 

pricing alone.  

Integration in the EMU equity markets has some major implications for investors, their international 

portfolio diversification possibilities and the way they should price stocks.  

 

This paper will add an insight and provide evidence in the discussion whether or not the EMU stock 

market can be regarded as an integrated market, and what this means for the way stocks should be 

priced. 

This paper’s main contribution is providing evidence of EMU stock market integration by using a non-

correlation method and asset pricing models, and to show what asset pricing model is best to price the 

stocks in the integrated EMU zone. 

 

The structural changes in the financial markets of the EMU zone have resulted in a changing approach 

to the use of EMU stocks in international portfolio management. An integrated European market could 

have a major impact on the way investors price stocks and how to achieve a well-diversified portfolio.  

Although the size of the EMU equity market is - compared to the United States- not that big in terms of 

global market value, it has attracted a large number of non-EMU investors for its diversification 

benefits.  

These investors have looked for opportunities to reduce portfolio risk by investing in stocks across 

different national markets where low correlations in return exist, while keeping the expecting return at 

the same level. 

However, the assumed integration process of the EMU zone could potentially limit these benefits, as 

correlations between the EMU countries will rise. This could result in new optimizations in the 

commonly used mean-variance frontier in modern portfolio theory (Markowitz, 1952) for investors in 

the EMU zone.  

 

On the other hand, the integration will lead to new opportunities and policies. The integration of the 

EMU stock market could result in one big investment area instead of several different ones, resulting in 

better risk sharing benefits, improvements in allocation efficiency and a reduction in economic volatility 

(Baele et al., 2004). 

The creation of the EMU made it also possible for investors  to buy EMU stocks without any limitations, 

as it is supposed to be a single market. Often, (institutional) investors were often restricted (for a 
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certain amount) to a certain country (or currency).  This limitation could be removed if the EMU 

appears to be actually one single market. This could result in more investments in the EMU zone. 

It could also limit the question which EMU country is a better option, as the EMU zone will appear as 

one investment opportunity, and shifts the question to which industry in the EMU is a better 

investment. 

 

In this paper we assume that the integration in the EMU market means that every stock within the EMU 

countries is subject to same (financial) circumstances and sensitive to the same (financial) shocks, 

regardless of the country in which they are traded. There should be no market frictions within the EMU 

stock markets and EMU countries. 

This means that every investor in the EMU has the same opportunity set, the same limitations, same 

costs and risks when investing in stocks. We consider this as a fair expectation of an integrated market, 

however, we will look for evidence to support this assumption. 

If this is the case (which we expect), then it is interesting to know if the stocks could be priced by the 

same risk factors, which could indicate if the market is really integrated. Do national risk factors still 

add something to the pricing of EMU stocks? Or is one EMU risk factor able to price all EMU stocks? 

 

If we think about risk factors, it is a logical step to come to the Capital Asset Pricing Model (CAPM). 

At present, the CAPM is a model which probably is the most widely used model to price assets in the 

financial market. Even in the corporate world the CAPM is present, as it is the foundation to calculate 

the cost of equity. Hence it has a major impact in calculating the Weighted Average Cost of Capital 

(WACC), as the cost of equity is directly related to CAPM (investors want compensation for being 

exposed to none diversifiable risk) (Arzac, 2005). 

The CAPM is presumed that in a case of a fully integrated market, with the assumption that purchasing 

power parity holds, CAPM should be able to price all assets (Grauer et al., 1976).  

From the ‘basic’ CAPM - a one factor model - the multifactor extension by Fama and French is the most 

widely used (1992, 1993, 1995, 1996, 1998); the Fama and French Three Factor Model (3FM). They 

showed in their papers that the two variables (risk factors) ‘size’ and ‘value’ add to the explanatory 

power of the model. So it is interesting to see how the CAPM and 3FM perform in an integrated EMU 

market. 

 

In this paper we will compare the two models and see if they are able to price the EMU countries and 

the EMU zone as a whole.  As both models are based on the same principle, it is easy to compare them 

and it is interesting which one significantly performs better at pricing the European market. 

 

This paper could also contribute to the methodological discussion on which asset pricing models 

perform better. Although most academic papers provide evidence that the 3FM performs better than 

CAPM, most research has been focused on the United States (US) and on European countries 

individually (the United Kingdom in particular).  Limited articles are written about the EMU as a whole 
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or on the EMU countries together. This is mostly because of the lack of data, different currencies before 

the euro and the small number of stocks in many European countries.  

The creation of the EMU created potentially a new data area in which different theories could be tested, 

besides the UK, Japan and the US. The empirical results in this paper could contribute to the discussion 

if the models are able to explain the returns of stocks and possibly add support for (one of) the models. 

 

At first, we will look (a) if there is evidence for the stock markets of the 12 initial EMU countries (which 

do not contain current EMU members Cyprus, Malta, Slovenia and Slovakia) to be integrated.  

We will use the principal component analysis (PCA) for the EMU zone in order to see if the equity 

markets in the EMU equities are correlated with the first principal component.  

By doing this we want to find evidence which supports our assumption that the EMU zone is integrated 

and is subject to (some of) the same financial circumstances. Also we want to see what the impact of the 

EMU is on the integration in the EMU stock markets. 

 

Secondly, we will construct the CAPM and the Fama and French three factor model (3FM) for the 12 

EMU countries and for the EMU zone as a whole. We will compare the results in order to see if the CAPM 

is better a pricing EMU stocks then 3FM (b) when using national factors and (c) when using EMU 

factors.  

We also add national factors to the EMU CAPM and 3FM to see (d) if the addition of these factors to an 

EMU 3FM has any significant impact. We can look if the EMU risk factors are able explain the returns, 

which could be evidence for EMU integration in the stock markets. 

We will look (e) if there is evidence that the EMU got more integrated after 2001 by looking at the 

impact of national factors in the asset pricing models. 

Finally, we will look (f) for evidence if the EMU factors are able to price the EMU zone as a whole. 

 

We will test the PCA for the period January 1992 until December 2009, while the CAPM and 3FM will be 

tested for the period of July 1993 until June 2009 by using the adjusted R2 and – only for the CAPM and 

3FM - the pricing error α (Jensen, 1968). 

 

This paper is structured as follows. Section 2 will provide background information and a review of prior 

research. Section 3 describes the data employed. Section 4 defines the methodology used. Section 5 

shows how the risk factors are constructed. Section 6 presents the descriptive statistics used and the 

results. Finally, section 7 will conclude the paper. 
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2 Background and prior research 

2.1 Background on the EMU and European Union. 

 

Since World War II the European Union has developed from a divided continent into a major political 

player in the world. Still, its main principle, its aim and even the foundation of European Union, is 

economic integration. It has progressed from a Franco-German coal and steel production collaboration 

and European Monetary System towards a single, originally called ‘common’, internal market of the 

European Economic Community and finally towards the ratification of the Maastricht Treaty and the 

crafting of the Lisbon summit (2000), which resulted in the dawn of a single European currency in 

1999, which was finally introduced in 2002 in 12 EMU countries to the people as a common currency. 

 

The success of the existence of the European Union depends almost completely on economic 

integration. Although the euro was only introduced a couple of years ago, the whole process of 

integration started more than 60 years ago.  

Economic integration was the main reason why the European Community (EC) came in existence in 

May 9 1950: the Schuman Declaration.  

First, it was only a European Coal and Steel Community, the European Atomic Energy Community , later 

it moved towards the European Economic Community – later known as the European Community. 

Although in 1968 the customs union set in place is seen as the basis of the single market, it was not 

before the Single European Act (SEA) of February 1986 (ratification date) which set a target date of 

1992 for an integrated single market and reaffirmed of commitment of the European Community 

member countries towards ‘the progressive realization of economic and monetary union’ (Dinan 2005).  

By agreeing to this act, the EC started to work on what was needed for an integrated market. 

This SEA proved to be a powerful force behind the establishment of the EMU and the implementation, 

as it set goals for the upcoming decade. It made way for negotiations for a blueprint – so called ‘white’ 

papers’ - of a new treaty.  

The EC members had agreed on factors such as no psychical barriers, no technical barriers – such as 

capital movement, corporate legal issues and diffuse certification-, no fiscal barriers and no national 

restrictive measures – such as national import barriers. This implicitly created a rationale for a single 

currency as stated by the European Commission: ‘A single currency is the natural complement of a 

single market. The full potential of the latter will not be achieved without the former “(European 

Commission, 1990). 

 

The negotiations and move towards the EMU was finalized with the Treaty of Maastricht on the 9th of 

December 1991, which came into force 1 January 1993. By signing the Treaty, European member states 

also agreed to a single currency in 1999 and changed the name of the European Community to the 

European Union (EU). Although the Treaty itself was not complete - throughout the 1990’s, more issues 
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were added -  it created an environment in which companies and investors were able to look beyond 

the national borders into Europe, thus opening up a new European market. 

On January 1 1999, the single monetary policy was launched for eleven member states (Greece joined 1 

January 2001), which meant that the European Central Bank became responsible for the common 

monetary policy in the EMU zone, national public debt was issued in euro’s, exchange rate of the euro 

was fixed against non-EMU currencies and stocks markets became denominated in euros (although 

virtually). Finally, in January 2002 the euro was ‘physically’ introduced and replaced the national 

currencies.  

The next step in European integration was the Lisbon summit in 2000. The EU leaders made a 

commitment for 2010 that the EU market would be ‘the most competitive and dynamic knowledge-

based economy in the world, capable of sustainable economic growth and better jobs’ (European 

Council, 2000). 

In order to achieve this, the Lisbon Strategy was written towards more social cohesion within the EU, 

meaning considerable more cooperation between its members,  economically and policy wise (Dinan 

2005). 

This part shows that we can expect the EMU to be already fairly integrated as the process of financial 

integration was in an advantages stage when the EMU was introduced. Still, the impact on the stock 

markets is unclear.  

Although the European market is becoming more and more integrated, it is a dynamic and continuing 

process, with no clear cut target for when the EU is economic integrated. Especially with the continuous 

enlargement of the Eurozone, such as Slovenia (1 January 2007), Cyprus, Malta (1 January 2008) and 

Slovakia (1 January 2009) – in the near future Estonia, Lithuania, Latvia, Bulgaria, Hungary, Poland and 

Czech Republic -  enlarging the number of economies, putting more constraints on the monetary 

policies of other EMU member countries. 

 

2.2 Prior research and evidence for the integration of the EMU 

2.2.1 Integration in the EMU 

 

The ongoing development of integration, such as the European Union, has resulted in some researches 

in the field of economics and finance. Many researchers have shown the increasing degree of global 

integration, the advantages – such as diversification benefits- and effects of the financial market 

integration such as Erb et al. (1994), Longin and Solnik (1995), Bekaert and Harvey (1995), Bekaert, 

Harvey and Ng (2005), Goetzmann et al., (2005), Volosovych, (2010). Most of this research is done by 

comparing the major global markets (such as the United States, Germany, United Kingdom, Japan etc.), 

but the number of contemporary research on the EMU integration is limited, although some authors 

have indicated that the EMU is getting integrated. It is interesting to see what they have found, as their 

conclusions could be compared to the results found it this paper. 
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Baele et al. (2004) has looked at the integration of the EMU market for five different classes such as the 

government bond-, corporate bond-, money-, credit- and equity- market. They imply that an integrated 

European market has to face the same legislation, have the same information and services, and 

vulnerable to the same shocks and risks as well. 

As this paper will only focus on stock market integration, the conclusion of Beale et al. (2004) that the 

Euro equity market is getting more depended on common news factors and less on country specific 

factors is interesting. This would mean that the EMU integration is becoming more important and that 

EMU risk factors should be able to price stocks in the EMU zone. 

 

Yang, Min and Li (2002) have used the generalized impulse response analysis and generalized forecast 

error variance decomposition in order to investigate the long-term and short term structure of 

integration within the EMU.  

It is interesting to see that they conclude that the EMU has strengthened the stock market integration. 

This is in line with Kim, Moshirian and Wu (2005) who have stated that the EMU played a significant 

role in the stock market integration, but that is also a self-fuelling process which depends on financial 

sector development. This means that the EMU zone already had a degree of integration, even before the 

creation of the EMU. So it could be fair that we expect at least some degree of integration in our 

research.  

However, both formerly stated papers see a difference between larger and smaller EMU stock markets. 

The larger EMU stock markets (e.g. France, Germany, Netherlands) are more integrated with each other 

and the EMU, mostly because they already worked with the European Monetary System (and the 

European Currency Unit – ECU), which already was becoming a substitute for their currencies. So the 

impact of the euro was smaller, but they had a longer history already. 

This in contrary to the smaller markets (e.g. Portugal, Ireland, Austria), which are less integrated and 

have bigger differences in their macroeconomic structures. Still, the introduction of the EMU has 

brought significant stock market integration for these small countries. (Kim, Fariborz, and Eliza, 2005) 

Yang, Min and Li (2002) also found that the U.K. by not entering the EMU, is getting less integrated with 

the EMU stock markets (which is also stated by Hardouvelis et al.( 2006)). 

However, all authors find several factors influencing EMU stock market integration and they find it 

difficult to separate the different channels affecting it, such as worldwide integration. 

  

Hardouvelis et al.( 2006), provided evidence that it is not a side-effect of worldwide integration and 

that the EMU is a driving factor behind the stock market integration. So we can expect an increase in 

integration since the advent of the EMU. 

Baele and Soriano (2007) have used spill over models to see how much the markets are integrated. 

They find evidence that EMU countries are far more sensitive for EU shocks in the 2000s than before.  

However, the US market is still the dominant factor in the European stock markets, especially for the 

larger countries.   
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They conclude that the trend in Europe’s global market integration – increased correlation of European 

equity markets with global stock markets- , is due to financial integration, not economic integration.  

Fratscher’s (2002) conclusion support this too, as he found that reduced exchange rate risk as well as 

the joint monetary policy towards inflation and interest rates are the main force behind the ongoing 

financial integration process within the EMU. 

Based on these findings we can expect the EMU to be integrated. The EMU and the euro have increased 

the integration in the equity market, although we can expect that the different EMU countries see 

different rates of integration.  

 

2.2.2 Implications of market integration in the EMU 

 

The reason why we want to investigate this is the fact that integration in the EMU could have several 

major implications – as mentioned in the introduction - for the financial sector. Some of these 

implications are mentioned by Kearney & Lucey (2004): decrease in attractiveness of international 

portfolio diversification benefits, an increase in investments in risky assets and an increase in 

robustness in individual economies. 

 

For international portfolio management, integration in the stock markets will result in an increasingly 

positive and strengthened correlation, with the result that there will be fewer gains from international 

diversifications. Goetzmann et al. (2005) illustrate this by providing some (.) interesting evidence in 

their research of about 150 years of international diversification benefits. They show that the potential 

of international diversification benefits are the highest when there are low correlations between 

country indices. Interestingly, these are periods with great tensions, uncertainty and the brink of war, 

giving investors great difficulty to diversify. Volosovych (2010) also provides evidence (such as the 

interwar period 1919-1939), that, although only for the bond market, those correlations are low in 

times of great tensions. 

The other way around, Goetzmann et al. (2005) show that diversification benefits are the lowest when 

correlations and integration are the highest. They show that this generally happened during periods 

when markets are generally bearish. Again. Volosovych (2010) shows that integration (and correlation) 

peaks in times of crisis (such as the First and Second World War, oil crisis and the stock market crash in 

1990’s and the Asia crisis in the 90’s). 

 

Integration does not only indicate financial distress, fortunately. Financial integration will also lead to 

an improvement in economic conditions, such as lower cost of capital and an increase in the average 

price of financial assets (Hardouvelis et al., (2006) and Martin & Rey, (2000)). As the cost of capital is 

lower, investors will look for additional opportunities to invest in. This could increase the number of 

risky investments (higher return investments which cost less due to lower costs of capital) and 

increased supply of capital to (smaller) local economies, and thus increase the opportunities to invest 
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in. This will add new diversification possibilities, with new ways to get returns and new ways to 

diversify risks. 

 

Hence integration has implications on the expected return, the measurement of risk and the way we 

price stocks. Therefore it is important to look at which models we use to price stocks.  

 

2.3 Theoretical background on factor models 

2.3.1 The Capital Asset Pricing Model 

 

In this paper integration is defined as a situation where investors earn the same risk-adjusted expected 

return on similar financial instruments in different national stock market (Jorion & Schwartz, 1986). 

This means that every investor in the EMU has the same opportunity set, no relation between expected 

return and national factors, the same limitations, same costs and risks when investing in stocks.  In this 

situation the EMU stock market index is mean-efficient and systematic risk should be priced relative to 

the EMU market.  Stocks with the same systematic risk should be priced the same, irrespective of their 

nationality (Brooks et al., 2009). 

 

A way to price stocks and test for integration is the application of the capital asset pricing model. 

The capital asset pricing model (CAPM) of Sharpe (1964) and Lintner (1965), which is the first and 

most widely used pricing asset model, is based on the ‘mean-variance’ model of portfolio selection of 

Markowitz (1959). The ‘mean-variance’ model assumes that investors are risk averse and that they only 

care about mean return and variance of their one period investment returns in their portfolios. In other 

words, investors should minimize their variance (risk), given the expected return and maximize their 

return, given the risk (Fama and French, 2004). 

 

However, Markowitz looked at investors as individuals with different expectations and which only 

possessed risky assets. With the creation of CAPM two assumptions were added: (1) investors have the 

same expectations regarding the returns of assets and (2) they added an assumption that investors are 

able to lend and borrow at a risk-free rate (no variance). This resulted in a theory which offered 

powerful and straightforward predictions about the measurement of risk and the relationship between 

risk and return.  

Its main principle is that the invested market portfolio is mean-efficient (the highest mean with the 

lowest variance), described by Markowitz (1959).  In CAPM efficient means that the expected returns of 

the assets are linear factor of the coefficient of the slope (β) that describes the asset’s return on the 

market’s return and that the beta (β) of the market is able to describe the cross-section of the expected 

return (Fama and French, 1992). The beta measures (to a certain extent) how much the return of an 

individual asset and the market return move the same way. 
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CAPM itself is not without any critique, including the critique it could not account for the changes over 

time, but the major critical note the CAPM received is from Roll (1977). He argued that it is impossible 

to test the CAPM, as it is impossible to measure and construct the ‘real’ market portfolio. It is unclear 

and immeasurable which assets should be included or excluded in the market portfolio. This has 

resulted that tests of the CAPM only use proxies, such as stock market indices, for the creation of the 

market portfolio. So, according to Roll, the CAPM has never been tested properly and we will probably 

never be able to do so. 

This means that the results of empirical tests on the CAPM depends on the proxies used and so, the 

CAPM does not have any ‘real ‘empirical validation. If the approximation of the market proxy is efficient, 

the CAPM will be valid. 

Alongside this problem, which casted doubt on the correctness of the CAPM, several other variables 

(factors) - such as size, price ratios and momentum - seemed to add to the explanations of the average 

return given by beta.  

 

2.3.2 The Fama and French Three Factor Model 

 

A famous extension of CAPM, which will be used in this paper, is the Fama and French three factor 

model (1992, 1993, 1995, 1996, 1998) which now is the main competitor of the CAPM in empirical 

research.  

Fama and French added two additional factors to CAPM’s market factor: a size (also known as small 

firm effect) factor and a value factor. They showed in their papers that by adding these two zero-costs 

portfolios (also often referred as anomalies) their model was able to price the US stock market better 

than the CAPM.  

Prerequisites of adding extra factors  - so called anomalies, meaning structural and empirical relevant 

glitches in the current theoretical framework – to the model are that it should be possible to reproduce 

these anomalies, that there should be an economic rationale behind it and that the anomaly should be 

exploitable.  

 

Other authors such as Griffin (2002) also have shown that adding the size and value factor created 

models which were better able to price assets. 

Lettau and Ludvigson (2001) have showed why CAPM performs worse than multi factor models, they 

suggest that ‘the Fama-French factors are mimicking portfolios for risk factors associated with time 

variation in risk premia’, while CAPM cannot account for this time variation. This resulted that the three 

factor models (3FM) plays a predominant role in academic literature on asset pricing (Hodrick and 

Zhang, 2001). 
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2.3.3 The rationale of the Fama and French factors 
 

Although it is still ambiguous what the Fama and French factors really are, there some theories. 

The theory behind size effect is that small firms earn a higher return than large firms, even after the 

correction of their market risk. A rationale for this effect could be found in the phenomenon that small 

firms are less analyzed, resulting that they carry a higher risk for which they receive a higher 

compensation as their price is checked less often. Another reason could be that small firms are less 

traded, so if they are traded, the effect is bigger. 

The rationale behind the value effect is that low market value relative to the book value give a higher 

return then growth stocks (high market value relative to book value), corrected for the market risk 

(Cochrane, 2005). It is still somewhat unclear why this effect is taking place. An explanation could be 

that a stock is in dire shape, so it is more risky to buy the stock, resulting in a higher risk premium. 

Conversely, Lettau and Ludvigson (2001) suggested that this value effect only works in times that are 

already bad. 

Still, despite that this reasoning seemed to be logical and the amount of empirical support provided by 

other authors, there is still some controversy (Faff (2004) briefly discussed the main critiques of the 

3FM) about the economic reasoning behind them. 

 

2.3.4 Critique on Fama and French 

 

The research of Fama and French was only limited to the US stock market in the period of 1963-1990 

(Fama and French, 1992 & 1993) and the concept was not proven yet in other countries, so further 

extensive research should be done to proof the 3FM is truly better at explaining return than other 

models. 

It is still ambiguous if the 3FM performs the same everywhere in the world. Moreover, the data and 

methodology used could be seen as arbitrary and open for debate. As the factors are mostly tested in 

the larger countries alone, and although they appear to be relevant in these larger countries, such as 

Australia, Canada, United Kingdom, Japan and United States1, there are still a lot of other areas worth 

exploring further and see if the 3FM can be used in other countries or areas. For example, there are no 

academic papers focused on EMU countries, although some non-academic papers can be found (e.g. Ajili 

(2002), Schrimpf et al. (2006) and Moerman (2005)). 

Still, the 3FM has not been proven in EMU countries and providing evidence will add to the discussion. 

 

Considering the methodology, there are some critiques that the explanatory power could be spurious 

due to biases because of the sample selection – survivorship bias - or data snooping (Black, 1993; 

Griffin, 2002). 

                                                            
1 Examples of authors which show (international) evidence for the Fama and French three factor models and counter 
critiques are Chan, Hamao, Lakonishok (1991); Capaul, Rowley, and Sharpe (1993); Hawawini and Keim (1997); Fama 
and French (1998); Davis, Fama and French (2000); Faff (2004) and Gaunt (2004) 
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Kothari et al. (1989) show that the HML factor can be influenced by a survivorship bias in COMPUSTAT 

(the database used by Fama and French). Besides, they show that the selection of the database could 

possibly influence the results, as they find that when using another source (they use Standard & Poor’s 

database), the HML is only weakly related to the stock return. They also find that when using every 

listed company instead of only using larger companies (the 500 largest companies from COMPUSTAT), 

the effect is 40% lower. 

Secondly, Lakonishok et al.(1994), Haugen (1995) and MacKinlay (1995) argue that the size and value 

effect of explanatory power are due to overreaction of the investors, not the risk premium for bearing 

risk. They suggest that a multifactor model does not resolve the deviations of CAPM. 

Lettau and Ludvigson (2001) explain that investors (in the HML portfolio) are very sensitive to bad 

news in bad in times investors, demanding an extra premium. When times are not bad, results will be 

less or could even disappear. 

Thirdly, in line with the former argument, other authors such as Daniel and Titman (1997) doubt that 

the risk-based explanation – HML and SMB are ‘distress factors’- is correct. They show that firm specific 

characteristics (e.g. construction) account for the explanation for the returns, not risk. 

 

So, academics are still arguing what the Fama and French factors really represent, if they are the same 

all the time and if they are relevant. Evidence2 from other papers showed that there still is empirical 

evidence for the Fama and French 3FM, and they do offer some explanations on what they could 

represent and counter some of the critique, though, not completely.  

Still, these critiques should be considered and kept in mind when interpreting results. 

 

2.3.5 Extensions of the Three Factor Model 
 

Although it is difficult to extent the Fama and French 3FM, as it is still not completely clear what the 

3FM really represent, several other extensions were made.  

One of these extensions is the addition of the ‘momentum’ factor made by Cahart (1997), first identified 

by Jagadeesh and Titman (1993).  

This factor describes an anomaly in which, taken monthly data from the last year, winners seem to 

continue to win, while losers continue to lose. Adding this factor increased the explanatory power of the 

model. However, this anomaly does not seem to be exploitable as transaction costs are too high. 

Besides, several studies suggest that the profit from this effect comes from a microstructure glitch 

(Moskowitz and GrinBlatt, 1999, Ahn et al., 2002). For this reason this paper will not take into account 

the momentum effect as there is not enough academic evidence that it is worth investigating it. 

 

Other extensions which were often added were the calendar effects (for an overview, check Keim and 

Ziemba (2000)), of which the so called ‘January’ effect (for example: Daniel and Titman, 1997; Hodrick 

                                                            
2 See point 1 
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and Zhang, 2001) was the most famous one. It appeared that in the month January, the excess stock 

returns were higher than the rest of the 11 months. 

An explanation for this so-called January effect could be found in the fact that investors want to sell 

stocks in December that have lost value in order to realize tax losses (which should lower the price of 

stocks) and buy new stocks in January as investors have received their bonus or extra cash from selling 

their stocks in the previous month(s). 

Nevertheless, it is still unclear what kind of risk the January factor should capture. Besides, there is 

evidence that the effect is decreasing or only limited to small stocks (Haug and Hirschey, 2006). 

There several other anomalies, such as the reversal effect and some macroeconomic effects, but the 

momentum and the January effect are two extensions on which a lot of academic research is performed. 

 

As none of these extensions are without any scrutiny or with strong current empirical evidence, this 

paper will not look into these anomalies, although it is interesting to look for them in further research. 

 

3 Data set description 

3.1 Data used 

 

This paper will use monthly data ranging from January 1992 until December 2009 (216 observations) 

of which the monthly data from December 1992 until July 2009 (192 observations) is used for the 

construction of factor models.   

This period is somewhat short compared to the original Fama and French (1992), who used a sample 

from July 1963 to December 1990. Yet, this relatively short period is quite interesting as it was a 

dynamic period for the EMU. By taking the post-1992 period we can test our hypothesis if the EMU 

market is really integrated and if the factors models are able to price the EMU.   

The start of 1992 marks the beginning of the EMU - from that moment on the Euro zone should be more 

integrated- but it also should be less complicated to use European data as the exchange rates were 

officially fixed to the euro and exchange risks do not have to be incorporated. The period before 1992 is 

more difficult to compare as the markets were not formally integrated, countries had their own 

macroeconomic structure and the individual exchange rates were influencing the return.  

 

The aim of this paper is to include all stocks from every EMU country. Although we consider almost 

21,000 stocks over the whole period for the whole of the EMU zone, not all will be included, due to the 

lack of data, and some countries will have only a small amount of stocks. 

The data for the stocks and indices are taken from the Datastream Total Market index for each country 

at the beginning of every month. The information taken from Datastream contains stock prices 

(adjusted), indices prices, interest rates, exchange rates, book value (book equity in Datastream) and 

market capitalization (market value). 
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We have chosen to create the BEME ratio ourselves instead of using the inverse of the market-to-book 

ratio in Datastream, as Griffin (2002) did, as we believe that we leave out some stocks by doing this. 

Datastream gives some errors on the market-to-book ratio, while the book equity and market value are 

available if taken separately. With the book value and market value, we will be able to create the book-

to-market equity ratio (BEME). This is done by dividing the book value by the market value. 

 

The price of the stock is the official closing price of the stock in the Datastream Total Market Index, the 

market value is the share price multiplied by the amount of ordinary shares in issue (also taken directly 

from Datastream), and the book equity is is defined as the market value of the ordinary (common) 

equity divided by the balance sheet value of the ordinary (common) equity in the company (directly 

taken from Datastream). These data are used for the factor models. 

For the specific country index we take the monthly Price Index (PI) and by using the log-normal method 

we create the return for every month per country. These return indices are used for the principal 

component analysis. 

 

The reason for monthly data instead of daily data is that you can avoid problems such as bank holidays 

in the different countries, while our time period is too short to test with annual intervals. For example, 

Handa et al. (1989) have argued that monthly data as a return interval could be too short – they used 

yearly data -to estimate beta which could be the reason why the size value shows an upward trend. Still, 

this paper will use monthly data as return interval as there no evidences (outside the US) that another 

frequency could be significantly better or worse. Besides, many other papers have used monthly data 

too (such as Fama and French, 1993 and Griffin, 2002), so in order to compare the results of this paper 

to the others, it will use monthly data too. 

 

Our sample consists of 12 Euro members, which are Austria, Belgium, Finland, France, Germany, Greece, 

Ireland, Italy, Luxembourg, the Netherlands, Portugal and Spain.  

Countries who joined the EMU later, such as Slovenia (1 January 2007), Cyprus, Malta (1 January 2008) 

and Slovakia (1 January 2009) are left out due to the limitation of data availability, the short period of 

which data can be drawn and the time to get integrated to the EMU is too short. 

Secondly, their impact is supposed to be minimal compared to the other European stocks as their 

capitalization is relatively very small. The 12 countries should account for the largest economies and 

should be the most integrated. 

 

3.2 Adding the ‘Dead Stock’ lists 

 

One of the limitations of the Datastream Total market stocks is that the included stocks are only the 

stocks which are listed at the moment of retrieval, which is in this case in January 2010. This means that 

all stocks which disappeared – dead- before January 2010, are not included initially in the constituency 
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list. This creates a survivorship bias, as only the successful stocks are taken in the sample. This flaw can 

be seen in the paper of Hanhardt and Ansotegui (2009), which use Datastream Total Market stocks, but 

do not incorporate ‘dead’ stocks.  

To correct for this problem, the ‘dead’ stocks are taken from the ‘Dead Stock’ list for each country, 

filtered on equity only and included in the dataset. A disadvantage of Datastream is that the data 

remains the same after the delisting. This means that if the stock is delisted - instead of giving a ‘not 

available’ value - the last stock price, last market value and last book equity will be reported until date. 

So, as one is unable to combine the data from the dead stock list with the ‘surviving’ stocks, data after 

the delisting period should be deleted of marked by hand. 

 

Unfortunately, there are too many stocks to check the moment of delisting correctly, so we will give the 

stock the value of “#NA” if the stock does not show fluctuations for 16 following months. Note that it is 

inevitable that some stocks are removed too early, as their stock price does not change for some month 

prior their delisting.  

However, the other way around, even with the range of 16 months, some stocks will be removed as 

some stocks do not change for more than 16 months. This will result in a ‘re-appearance’ of the stock. 

 

3.3 Exchange and risk free rates 

 

The risk free rate    is also taken from Datastream and based on the US-Euro one month middle rate 

(the midpoint between bid and offered rate) at the first of every month. As this rate is annualized, we 

divide this rate by twelve in order to get the monthly rate. 

Exchange rates for the European currencies before 1999 are also retrieved from Datastream. This is 

done to compare the stocks between the countries in one currency.  As with the Maastricht Treaty, all 

EMU currencies are fixed at a certain exchange rate compared to the Euro. So in the period 1992-1999, 

the national exchange rates in the EMU countries compared the Euro did not change. 

 

As book equity is often denominated in a foreign currency, the book equity in converted to the euro. 

However, due to the lack of an available euro exchange rate before 1999 in Datastream at the time of 

this research, only companies which have book equity in US dollars, British pound sterling, Japanese 

Yen and local EMU currencies will be taken into account. This will only result in the exclusion of a small 

number of stocks (around 600 out of 21,000 of which most are from Germany and Luxembourg).  

 

3.4 Inclusion or exclusion of stocks 

 

In order to have a ‘working’ dataset, every stock is checked on the information availability; their price, 

market value and book equity. 
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We do not exclude any stock for the portfolio construction on the amount of time they are listed in 

Datastream nor require stocks to have a certain number of monthly returns. For example stocks which 

did not appear in Datastream for two years, are included. This is different from Fama and French 

(1993), which did not include them – although they use the CRSP database. This paper will also include 

stocks which disappear somewhere the year, even if it is only one month after the creation of the 

portfolio. In that case the stock will give a “#NA” as (excess) return for the remaining months, but they 

will be included in the risk factors.  

Following Fama and French (1993), stocks which have a negative book-to-market ratio will be excluded 

in the portfolio construction too – they will be given the value “#NA”. This mainly happens for 

(older/pre-euro) stocks, so this amount left out should be limited. 

 

In case of an error in Datastream for the stock price, the stock will be excluded for the dataset 

completely. For the ‘Dead stock list’ stocks often give errors in Datastream for the stock price, which 

resulted in the exclusion of a fair number of stocks in every country.  

However, we do include the stocks which only miss one information set, such as book equity and 

market value, for the calculation of the market portfolio. By doing this, the market return can hopefully 

be constructed as realistic as possible.  

Stocks lacking a market value and/or BEME (book-to-market equity) ratio will be excluded in the size 

and BEME portfolio creation. In their ranking, they will be given a “#NA” value. Besides, they will be not 

used in the dependent variable creation too. 

 

4 Methodology 

4.1 Method to test for integration 

 

In order to measure the degree of integration, it is tempting to use the correlation coefficients of 

different country indices as a straight forward measure. It is relatively simple to interpret a high 

correlation coefficient with a high degree of integration. 

However, there is quite some critique on this method in academic literature.  

Volosovych (2010) indicated that the correlation method is not robust if there are outliers or fat tail 

distribution. As stock returns are most of the time not normally distributed, the correlation method is 

could give some biases. Correlations are often related to changes in the samples or composition used, 

not because of the financial link.  

He also listed a number of reasons why correlation should not be the best way to measure integration. 

He referred to Dumas, Harvey and Ruiz (2003) that the problem with looking at the correlation 

between the country market indices, is that it does not control for country specific economics. A country 

could be completely integrated with another country, while having no correlation with each other. 
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Pukthuanthong and Roll (PR) (2009) described this problem by giving an example of a world with two 

countries with exactly two industry factors, water and salt. The market return is driven by a two factor 

model. If these two countries are completely integrated, the same global factors apply and there would 

be no country-specific return components independent across countries. PR showed that correlation 

could be different from +1 (perfect correlation), if betas are not exactly proportional across the two 

countries. They indicated that it could be the result that one country produces more salt, while the 

other could possibly produce more water, resulting in different betas. 

PR point is that “unless all the betas in one country are proportional to the betas in its companion 

country, the simple correlation of country returns is strictly less than +1.” The other way around, in the 

case of two countries which are not integrated at all, a global shock could result in a high correlation 

between the two, as it is almost impossible distinguish high integration and the exposure to a common 

shock (Volosovych, 2010). 

 

The former stated papers therefore advocate the use of the principal component analysis (PCA) as the 

better measure of market integration. The PCA is a procedure in which possibly correlated variables are 

decomposed in several uncorrelated principal components, it is ‘a non-parametric empirical method 

used to reduce the dimensionality of data and describe common features of a set of economic variables’ 

(a complete background is given by Volosovych (2010) in their Appendix A and B). Its aim is to capture 

most of the variance in the observed data in a lower-dimensional object and, thereby, filter out noise. 

Frequently a single component is able to capture most of the variance of the data. 

After sorting the components from the largest to smallest amount of variance captured, the first 

principal component is the most important one, as it explains the largest part of the variation of returns. 

 

PR took it even one step further, by suggesting that R2 from a multifactor – created by the PCA - is a 

better indicator of integration. 

They showed that using the principal components as multiple factors in a regression is capable of 

handling non-proportional beta’s and country-specific volatility (noise), while correlations are unable 

to. Furthermore, the PCA is better in handling outliers and more robust for different distribution. 

PR finally showed the contrast between the two, showing that correlations indicate a lower amount of 

integration and a lower t-statistic for the tie trend. They stated that correlations give an ‘imperfect and 

biased downward empirical depiction of actual market integration.’ (Pukthuanthong and Roll, 2009) 

 

As there is apparently so much scrutiny about the correlation method, this paper will use the PCA 

instead of the correlation method to look if we find evidence in order to assume integration of the EMU 

zone. 
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4.2 Test for integration in the EMU area using the principal component analysis 

 

In order to see if there is evidence in our data if the EMU is integrated, this paper will use the principal 

component analysis (PCA) used by Volosovych (2010). However, this paper will also extend 

Volosovych’s analysis by following PR in using the adjusted R2 as another measure of integration.  

Firstly, our data is transformed into vectors. This is done by selecting the total market return (taken 

from the Datastream Total Market index) - which is the    of every country- of the n EMU from which n 

components are extracted: 

 

*  +   
        (1) 

 

This will give an estimation of n eigenvectors (weightings), which contain the coefficients  

 

*    + ,   
    1,  ,        (2) 

 

and the eigenvalues. These eigenvalues sorted ranked from the largest to the smallest for every year. 

This period ranges from January 1992 until December 2009 (216 observations). As we look at 12 EMU 

countries, n  is 12, meaning 12 components. 

 

We look at the first principal component in order to see how much can be explained by one common 

EMU shock (factor). A first principle component with a large amount of variance should capture the 

dynamics which will be informative of the extent of markets integration, an index of integration 

(Volosovych, 2010). This gives an indication how much the EMU zone is integrated. 

 

Secondly, following PR we will create proxies for European shock factors for a regression. While PR 

showed that a single global factor may not fully capture the extent of market integration, this paper will 

also use the first component on its own in a regression as a proxy a common European factor as 

Volosovych indicated this as the most important factor. As the first component captures most variance, 

this could be a measure of a shock to which all the EMU countries are exposed to, like a European 

market factor. The other 11 components could also be included as additional shocks to which the EMU 

zone is exposed to. 

PR indicates that the number of factors is arbitrary, but they do advocate the use of multiple 

components in the regression. Still, in their robustness checks, they indicate that a lower amount of 

factors is also sufficient to show market integration, but the addition of factors will increase the amount 

captured.  

This means that this paper will first run the following regression 

 

        
     +   (  1) +         (3) 
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Where        is the DS Total market return for a country for time   and (  1) is the first principal 

component. As we follow PR, we also take into account multiple components, which in our case will four 

and six principal components. These should suffice for explaining 85% and 95% on average of the total 

volatility in the covariance matrix (see Figure 1). So we use the following regressions: 

 

     
     +   (  1) +   (  2) +   (  3) +   (  4) +      (4) 

And 

     
     +   (  1) +   (  2) +   (  3) +   (  4) +   (  5) +   (  6) +     (5) 

 

Where (   ) is the next principal component (from largest to smaller), of which (  6) is the smallest. 

The equation 4 and 5 are somewhat line with PR, as they use enough components to account for 90% 

(10 of the 19 components) of the variance, although they admit this number is arbitrary. 

Considering our use of monthly data instead of daily data used by PR, they also indicated that the 

frequency of data does not change results significantly, so we assume it is safe to use monthly data. 

However, further research should be done to test whether this is true.  

 

4.3 Performance criteria for the principal component analysis  

 

When using the principal component analysis we follow Volosovych (2010) and Pukthuanthong and 

Roll (2009) by testing on correlation of the country’s total market index on the first principal 

components and the adjusted R2
, respectively. 

 

Just as Volosovych , we will look at the correlation coefficient of the individual EMU country index 

return with the EMU principal components. We do this for every individual year and for the whole 

period 1992-2009. A higher correlation between the principal components and the country indices is 

interpreted as a higher integration with the each other. 

 

Next we will look at the adjusted R2 after regressing the principal components with the individual EMU 

country index return. This measures the explanatory power - also known as goodness-of-fit- of the 

model.  

The adjusted R2 value is the proportion of the total data set variation in the dependent variable that is 

explained by the independent variables (Wooldrigde 2003). If there is no fit, the value will be 0, if there 

is a perfect fit, the value will be 1. However, there is no prediction of a certain magnitude for the 

adjusted R2, but normally it will rise if factors are added which contribute to the explanation power of 

the model. (Griffin, 2002) 
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4.4 The factor models for testing integration  

 

Besides looking for evidence for integration by using the PCA, we will look if factor models are able to 

price stocks in the EMU zone. By comparing the factor models using national, EMU and combined 

(national and EMU) factors, we can see which country is integrated by testing their explanatory power. 

Differences in their explanatory power could indicate which factor is better and should indicate a 

degree of integration. If the EMU is completely integrated, there will be no difference in the explanatory 

power between the models. As we expect that the EMU is only partly integrated and some countries are 

more integrated than others, it is interesting to see how much these factors differ and how much can be 

explained by these factors. 

Using factor models, we are able to see how much systematic risk is captured by a model, resulting in a 

practical way of testing for integration as we are able to see which factor models (national, local or a 

combined factor) could be preferable when pricing the stocks.  

Using international versions of a factor model to test integration is done by several authors, such as 

Jorion & Schwartz (1986), Griffin (2002), Bekaert, Hodrick and Zhang (2005).  

 

 

4.4.1 The capital asset pricing model 

 

The first basic analysis which will be conducted in this paper is standard CAPM, which is to price an 

individual stock or portfolio. CAPM prices the risk of the wealth portfolio by using one factor (Cochrane 

2005); it links excess asset return to the risk premium of the market portfolio.  

This (one factor model) CAPM can be written as the regression 

 

   
     +   (   ) +          (6) 

 

where   
  is the excess return to an asset   (in other words         ),     is the market risk factor, 

which is the difference between a value weighted stock index    for a country and the risk free rate   . 

The     is the factor sensitivity of the     asset, which is the slope of the time-series regression. The 

intercept     is the pricing error - which can also referred to as Jensen’s alpha (Jensen 1968). The last 

term is     represents the error term and represents the amount not captured by the model.  

 

4.4.2 Fama and French three factor model for testing integration 
 
 

As there is evidence in academic literature that a multifactor model often performs better than CAPM in 

explaining the behavior of stocks returns, this paper will also consider a multifactor model to test for 
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integration. Therefor this paper will consider the Fama and French three factor model too as a method 

for testing integration. 

Although there are some articles about using a multi-factor model to test for integration, to this author’s 

knowledge only Brooks et al. (2009) use the Fama and French three factor model to test for integration. 

 

Following Fama and French (1992, 1993, 1995, 1996, 1998), we use the extended form of the CAPM, by 

adding two extra risk factors.  

This will create the Fama and French three factor model (3FM), which contains (1) the market risk 

premium, (2) the size factor and (3) book-to-market (or value) factor. 

This results the following, which will be tested in this paper 

 

  

  
     +   (   ) +   (   ) +   (   ) +        (7) 

 

where     stands for ‘Small Minus Big’, which is difference in  return between a portfolio with small 

capitalization stocks and a portfolio containing high capitalization stocks. 

    stands for ‘High Minus Low’, which is the difference in return between a portfolio with a high 

book-to-market stocks and a portfolio containing low book-to-market stocks. 

 

4.4.3 Addition of international factors 

 

Finally, we will take additional EMU factors into account in addition to the local (national) factors  in 

order to test if local factors have any influence in pricing stocks, as Beale et al. (2004) indicate that 

country specific factors are getting less important.  

Therefore we create CAPM and the 3FM using only EMU factors: 

 

   
     +   (    ) +           (8) 

 

And  

  
     +   (    ) +   (    ) +   (    ) +      (9) 

 

 

 

Where (    ), (    ) and (    ) stand for the EMU Market risk factor, EMU Size factor and EMU 

value factor. We are then able compare the ‘local’ model to the ‘EMU’ model. 

 

Finally, we will create a combined factor model in order to see how much local and EMU factors add: 
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     +   (    ) +   (    ) +        (10) 

 

and 

 

  
     +   (    ) +   (    ) +   (    ) 

+   (    ) +   (    ) +   (    ) +       (11) 

 

 

The local (national) factors (    ), (    ), (    ) are constructed in the same way as the European 

factors (    ), (    ), (    ), but only taking national data into account. 

By creating these international and combined versions, we can test the influence of national factors in 

the pricing model. 

 

This paper will run regressions using the equations (6), (7), (8), (9), (10) and (11) for the 12 Euro zone 

countries individually and using equations (8) and (9) for the Euro zone as a whole. 

 

4.5 Performance criteria for the factor model  

 

In order to test the stock pricing ability of the CAPM and the 3FM, we consider two performance criteria 

which are the adjusted R2 and the pricing error   .  

 

The first performance measure is the adjusted R2, the goodness-of-fit, which is described before (in 4.3). 

The second performance measure which will be used is the pricing error  , which is the regression 

intercept.  

It is also known as ‘abnormal’ return, meaning that the stock is able to produce a return which is higher 

than the (expected) risk adjusted return. A positive alpha is better for the investor, but it implicates that 

the model is less effective. If we take the null hypothesis that the risk factors are responsible for the 

generated data, the estimated pricing error should equal to zero. The closer the intercept    is to 0, the 

better the model is able to price the portfolio as the model appears to more effective.   
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5 Portfolio construction 

5.1 Construction of the Fama and French risk factors 

 

In order to construct the factors, this paper will follow Fama and French (1992, 1993) to form six 

portfolios with value weighted stock returns. These are constructed from sorting the stocks on their 

size and their BEME on an annual base. So the portfolios are rebalanced every year in July. 

These portfolios should mimic the size (SMB) and book-to-market (HML) risk factors they represent 

(Fama and French, 1993) and provide the explanatory variables for the time-series regression.  

 

Firstly, we rank every stock of the Datastream Total Market on its size on the first of July of year  , 

where size stands for the market value of the company, which is price of the stocks times amount of 

shares. 

Following Griffin (2002), the median (or a percentile of 0.5) is used to divide the stock sample in two 

classifications; Small (S) and Big (B). If the amount of stocks is uneven, the median is added to the Small 

stock portfolio, which results  + 1 stocks in that year. 

This is different from Fama and French (1993), as they use the median size of the NYSE , instead of the 

complete sample, to divide their sample in a Small and Big portfolio. The consequence of their division 

is that the Small portfolio contains more stocks than the Big portfolio, although the market value of the 

Big portfolio is still much larger than the Small portfolio. In this paper the Small and Big portfolio 

contain the same amount of stocks, but the Big portfolio does have a much larger market value. 

This could have consequences for our results, so this should be kept in mind.  

 

Secondly, we break the Small and Big portfolio in three book-to-market groups each. The book-to-

market value is created by the using the book equity of December of   1 divided by the market equity 

of December of year   1 (Fama and French, 1993).  

The bottom 30% will be classified as Low (L), the middle 40% as Medium (M) and the top 30% as High 

(H). As Fama and French indicate, these divisions in classifications are arbitrary.  

Using these five classifications (S, B, L, M and H), we will be able to create six portfolios: SL, SM, SH, BL, 

BM and BH. 

 

Now we have the ingredients to create the SMB and HML factors. 

The SMB (size) factor can be created by taking the difference between average of the small stock 

portfolios returns (SL, SM and SH) and the average of the big stock portfolios returns (BL, BM and BH) 

for each month. The will look like this: 

 

     
 (SL +  SM + SH)  (BL + BM + BH)

3
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The HML (value) factor can be created in a similar way. It is the difference between the average of high 

book-to-market equity portfolios returns (SH and BH) and the average of low book-to-market equity 

portfolios returns (SL and BL) for every month. This will look like this: 

 

     
 (SH + BH)  (SL + BL)

2
 

 

For the construction of the portfolio returns we use the value weighted (lognormal) return as described 

by Fama and French (1993). The reason for value weighted returns is that we want to minimize the 

variance of firm-specific factors. By using value weighted components, the variance is minimized as 

return variances are negatively related to size (Fama and French, 1993). Also, it should correspond to 

realistic investment opportunities. 

This means that the portfolio return is calculated by the following formula: 

 

        ∑(  (
   
     

)) (
   

       
) 

 

where         depicts the return of the portfolio,     is the price of stock   at moment  , while       is the 

price of stock   of month   1.     is the market value of company   , while         is the total market 

value of the total market. 

 

In order to create the market risk factor      , we use have to calculate the excess return on our value 

weighted market portfolio, which is         .      is created by adding the value weighted returns 

minus the value weighted risk-free rate of every stock available in that month together, including the 

ones the stocks that were excluded in the portfolio creation (missing data or negative BE-ME values). 

 

5.2 Construction the dependent variables portfolios 

 

For the time-series regression we have to construct nine additional (dependent) portfolios, formed on 

size and BEME.  For these portfolios, we use the value weighted excess returns of the stocks considered. 

This number is smaller than Fama and French (1993), which used 25 portfolios instead of nine. 

However, as we have a (very) limited number of stocks in some countries, we are not able to make 25 

portfolios.  

Except for this difference, we follow them on their methodology in constructing the nine portfolios. The 

formation by size and BEME is used in order to see if the SMB and HML portfolios factors capture 

common factors in the stock returns which should be related to size and book-to-market stocks (Fama 

and French, 1993).  
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Just as we have done for constructing the risk factors, we sort our data by size and BEME. Instead of the 

five divisions in the Fama and French factors (two size divisions and three BEME divisions), we make 

six division, still using the same criteria. 

 

The divisions for size are made as follows: the bottom 30% will be classified as Small (S1), the middle 

40% as Medium (S2) and the top 30% as Big (S3). We have then three size portfolios, which will be 

divided again into nine dependent portfolios.  Each of the three size portfolios are again evenly divided 

into three BEME portfolios: the bottom 30% will be classified as Low (B1), the middle 40% as Medium 

(B2) and the top 30% as High (B3). 

 

This results in nine portfolios  - Big Size/High BEME value (S3B3), Big Size / Medium BEME (S3B2), Big 

Size / Low BEME (S3B1), Medium Size/ High BEME (S2B3), Medium Size/ Medium BEME (S2B2), 

Medium Size / Low BEME (S2B1), Small Size/ High BEME (S1B3), Small Size / Medium BEME (S1B2) 

and Small Size / Low BEME (S1B1) - which will be used as the dependent variable in the time series 

regressions. 

 

Using these nine portfolios the results, such as mean, standard deviation, adjusted R2 etc. – we will be 

reported in the tables 1- 13 below.   
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6 Empirical results of factor tests 

6.1 Statistics on the factors and portfolios 

6.1.1 General statistics 

 

The statistics in Table 1 - 5 show some general information about the data used.  

First of all, we compare the constructed market portfolio (Total Market R vw- ‘vw’ means value 

weighted) with the Datastream (DS) Total Market Index.  

Since we have removed some stocks - due to the lack of currency information, the lack of data for some 

stocks in the Datastream (Dead) Stock lists and, even worse, wrongly reported data in Datastream4 - it 

is wise to see what the effects are by comparing the two market portfolios. This is done to check the 

quality of our own market portfolio compared to the one of Datastream. 

Table 1 describes the correlation between the two. The correlations are, except for Luxembourg, all 

above the 0.75.  

The relatively low correlations in Austria, Belgium, Ireland and the Netherlands could also be partly 

explained by the exclusion of some stocks nominated in foreign currencies and the unavailability of 

some data for some stocks.  

The reason for the low correlation in Luxembourg can be found in the exclusion in quite a number of 

stocks that are reported in another currency than the euro, pound sterling, Yen or Dollar. Besides, the 

exclusion of one stock in Luxembourg has a major impact as it has a small number of stocks in total. 

Still, there is some fear that some ‘static’ stocks are prematurely removed and even worse, Datastream 

could have made some errors5. 

 

Secondly, Table 2 shows the number of stocks considered in this paper. Considering the number of 

stocks used - which is the almost 21,000 for the EMU zone over the whole period - this is much more 

than two papers known to this author about factor models for EMU stock markets, Moerman (2005) 

and Hanhardt and Ansotegui (2009), the latter only considers ‘living’ stocks. 

Table 2 shows that Germany is clearly the largest and most important economy in the EMU zone, as it 

has on average 1370.3 (46% of the EMU zone) stocks in the time period considered. It is also 

remarkable that Germany did not have the largest number of stocks in the EMU until 1995. This might 

have maybe something to do with the unification of Germany in the former years. 

                                                            
4 It should be noted that the author of this paper found some stocks which were wrongly listed in Datastream ‘Dead 
Stock list’. In some cases this meant that stocks were listed after their delisting date. But even worse, there are cases in 
which the price, market value or book value was completely wrong, as the Datastream showed an increase of an exact 
1,000 or even 100,000 multiple in the value. Examples are Metro One Dev (Germany) which has a way too high market 
value and Roche Holdings (France) with a price way too high. In one month time their values are (conveniently) 
multiplied by 10, 100 or even 1,000. Unfortunately, the number of stocks was too great to check by hand, so these 
errors could have influenced results. Imagine a company with only 0.01% of the market value being increased to 10%. 
5 For example in the Dead stock list in the Netherlands, there is some suspicion that ABN AMRO market value is mixed 
up, as they show some strange deviations (around the period of the introduction of the euro). Secondly, Datastream 
gives an error for ABN AMRO, while still stating values. 
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France has the second largest number of stocks, followed by Italy and the Netherlands respectively. 

Portugal, Ireland and Luxembourg are the smallest countries, stock wise. 

If we mention to the ‘larger EMU countries’, the countries France, Germany, Italy, Spain and the 

Netherlands are referred. If we mention ‘smaller EMU countries’, we mean Austria, Belgium, Finland, 

Greece, Ireland Luxembourg and Portugal. This division is roughly based on the number of stocks, 

although it is still arbitrary, as Belgium has on average a higher number of stocks than Spain. 

 

It is remarkable that most countries have about the same or even less stocks in in the last period (July 

2008 until June 2009) compared to the first period (July 1993 until June 1994), except for Germany, 

Luxembourg and Spain. Most countries reached the highest number of stocks midway the time period 

considered, 1998-2001. This period can be considered as the height of the dot-com bubble. After 2001 

in every country there is a steady decline in the number of stocks, probably after the burst of the 

bubble. The fluctuations in stocks can be caused by reasons such as bringing stocks to the market, 

mergers, acquisitions and bankruptcies.  

 

Thirdly, we look at the number of stocks used per portfolio (the nine Fama and French portfolios) per 

country in Table 3. Small numbers of stocks in a portfolio could potentially seriously influence the 

results. Except for Luxembourg, every country has have on average more than five stocks in the 

dependent portfolios (SxBx). However, five ‘smaller’ countries do have less than 10 stocks in their 

portfolio on average. The ‘large’ countries have no trouble in containing a decent number of stocks per 

portfolio. Looking at the six factor (S, B, H, M and L) portfolios, only Luxembourg and Portugal have less 

than 10 stocks on average in the BH and SL portfolios. These average small numbers of stocks could 

result in a small number of stocks in a portfolio in some years, even as little as one.  

One should therefore keep in mind that for the ‘small’ countries the explanatory power and reliability of 

these portfolios could potentially be biased. A characteristic of a stock in a small stock portfolio could 

have a major impact on the portfolio return. Therefore, these portfolio results (and as a consequence 

the average results of the country) should interpreted with caution. 

 

6.1.2 Descriptive statistics 

 

Table 4 and 5 describe some general descriptive statistics, which can be compared to other authors and 

other countries.  

Looking at the skewness and kurtosis, most risk factors show a positive skewness, especially the SMB 

risk factor. This means that there is a tendency that these portfolios have a more pronounced right tail, 

e.g. there are more returns higher than the mean. 

Other way around, the skewness of the HML factors are more evenly divided, but quite a few have a 

negative skewness. 
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Looking at the kurtosis, every variable contains a kurtosis higher then 3 - indicating fat tails – with the 

highest score under 24. 

It is remarkable that the highest kurtosis can be found in the HML factors. This implies that ‘value’ 

stocks in the EMU zone are sensitive for shocks as they give more ‘extreme’ values. It is hard to say if it 

is only smaller countries that have higher kurtosis, as Germany and Ireland are exceptions. An 

explanation could be that Germany has a high number of stocks with the same profiles, while Ireland 

has stocks which are more evenly divided over several characteristics. 

Based on the Jarque-Bera test with 1% significance level we can reject the null hypothesis of normal 

distribution in every case, except for two cases. This is an expectation, as realistic financial data are not 

normally distributed. This implies that there are more than two parameters (mean return and variance) 

to describe the risk-return relation. 

This supports our notion that we should use the principal component analysis to test for integration, 

instead of the correlation method.  

 

Looking at the mean returns of the factors in Table 4, the market factor (Mrkt-Rf) yield a positive return 

although a very small one in Ireland. This is also in line compared with the Datastream Total Market 

return (DSMrkt), which is also positive for every country. 

The size (SMB) and the value (HML) effect are negative in almost every country. Only Austria, Belgium 

and Luxembourg show a positive HML average return in the time period 1993-2009. 

  

This is strange, as it is not in line with Fama and French (1993) and Griffin (2002). This result implies 

that if you are long on high book-to-market stocks and short on low book-to-market stock, you have to 

pay a premium. So this indicates a reversal of the value effect in the EMU zone. Considering the size 

effect, these results indicate that you have to pay a premium if you are long on small capitalization 

stocks and short on short big capitalization stocks. This means a reversal of the size effect in the EMU 

zone. 

It is somewhat similar to a reversal effect described in Faff (2004) and Cochrane (2005). Cochrane 

(2005) even states that the factors have declined substantially in recent years, so this could be an 

example of the decline of the size and value factor. 

 

6.1.3 Checking the factor results for robustness  

 

As these results are contrary to the results found by other authors and Fama and French themselves, 

these results should be checked. These results could cause some suspicion whether or not the 

methodology is properly used. As stated in 2.3.4, the Fama and French methodology is not without any 

scrutiny. Besides, we do not have any reference points to compare with, as there are no academic 

articles written on the 3FM in the EMU zone. 
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Therefore we want to check if the SMB and HML factors will be positive when using a different 

methodology.  

 

We have tested several issues: different time samples, a different construction of the dataset and a 

different portfolio construction. 

Firstly, we have checked if the time sample has any influence on the mean return. Table 5 shows the 

results of the 4 different starting periods and a completely different time sample, 1993-2000 instead of 

1993-2009.  

It is striking to see that when starting the sample in later years, this has a major impact on the average 

return, for every year most countries show an increase in (in most cases, a less negative) return.  

Most countries have a positive SMB and HML if we consider the time period 2000-2009. 

The other way around, the time period 1993-2000 shows negative returns for the factors and in some 

cases these negative returns are quite big: e.g. Finland. 

This could indicate that the 90’s have had a serious negative impact on the factors. 

As the data is checked for exchange risks (all stocks denominated in a foreign currency is properly 

converted to the euro), the change to the euro should have no impact. 

A possible explanation could be found in the ‘dot-com bubble’, when growth stocks performed better 

than value stocks (Baker & Wurgler 2007), as investors wanted to invest in these (IT) stocks. These 

stocks increased in value very rapidly, earning a high return and gaining in market value, while small 

stocks and low book-to-market stocks were doing mediocre. Another explanation could be that the 

growth stocks profited from the bubble, gaining high (or average) positive results, but because of their 

high market value they have a larger impact on the portfolios. 

This could have resulted in a turnaround in the SMB and HML factors during this period. 

Considering the returns of the portfolio and the returns of the SMB factor, it is striking that in almost 

every case the monthly SMB return turns out to be positive, only if the ´big´ portfolio return is negative. 

This could have several reasons. Firstly, this could be explained by the characteristics of the ´big´ stocks 

(see 2.3.3), resulting in the fact  that they are more prone to negative sentiments, as they are traded 

more often. 

Secondly, this can be caused by the construction of the SMB portfolio. The division of the SMB by using 

the median can cause the bulk of the market value to be in the ‘big’ portfolio, while only a small amount 

of the market value is in the ‘small’ portfolio. This could have an impact on the value weighted returns, 

as larger firms achieve a higher (positive or negative) value weighted return. 

Changing the construction of the portfolios will be tested later in this paragraph. 

 

Still, other explanations could be possible. We can also look at the construction of the dataset. 

As we do take every available stock return and do no limit on a certain appearance threshold, it is 

possible that some stocks disappear soon after the creation of the portfolios, resulting in no excess 

return.  
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We therefore added some additional limitations in a new dataset: a stock will be removed completely 

(not only for the portfolio creation) for the consequent year unless it has a book value in December in 

year t-1, a market value of July in year t and it should have a stock price in in July of year t.  

Secondly, we added a survivorship bias, by only using stocks which have been listed in two consequent 

years, in other words, it should have met the above criteria in July of the year t-2. 

However, although this caused a reduction in stocks, especially in the years before 2006 (mostly around 

15-25%), it does not cause the SMB and HML factors to improve significantly, they both remain 

negative. Again, they start to get positive around the years 1999-2000, although somewhat earlier than 

with our original dataset. 

We have also run a test using only the ‘living’ stocks, not using the ‘dead stock’ lists, however, this gives 

no satisfactory results either.  

So, a different dataset construction is not the reason of the negative returns. 

Regarding the BEME ratio in the portfolios in Table 6, the results and distributions are comparable to 

Fama and French (1993). The only major difference can be found in the BEME H3 portfolios, and 

especially the S1H3 BEME portfolio as they are much higher compared to the other BEME portfolios. 

These portfolios also have a much higher BEME value compared to the Fama and French’s BEME 

portfolio for the United States (their highest BEME value is 1.80 compared to Austria, Greece, Italy and 

Luxembourg with 11.05, 10.35, 11.1 and 16.84 respectively).  

This indicates these stocks have a very high book-to-market value, much higher compared to the other 

portfolios of Fama French, which could indicate that there are in this data set stocks which could be in 

distress (a book value which is higher than market value could be a sign of a company going badly). 

This could also explain the negative mean return for the value factor, as perhaps some stocks went out 

of business. The decreasing number of stocks could support this view.  

Even worse, wrong book values or market values could also have contributed to these high values. 

In order to test this, we have used several limitations on the BEME ratio, using a limit of 15, 10 and 5 to 

see if the results change significantly. However, it does not, as this limit results in the exclusion of only a 

minor amount of stocks. 

 

Considering the average size in Table 6, compared to the results of Fama and French (1993), with their 

sample of 1963-1991, the difference between S1 (smallest) companies and S3 (largest) companies is 

much bigger. This could potentially distort our results, as ‘penny’ – very small stocks- stocks could be 

included in the small portfolios. 

To correct for this problem, testing indirectly the statements of Kothari et al. (1989), we exclude 

smaller stocks. We use several limits, such as € 10mln, 50mln, 100mln, 200mln and 300mln. 

This threshold does especially impact the HML factor. By increasing the threshold amount, the HML 

increases even to a positive return around the threshold of 200-300mln for the period 1993-2009.  

When doing this, though, the average percentage of market value remain under the 10% for most 

countries even with the threshold of 300mln although the percentage is much higher in the pre-1997 

period and much lower in the post-1999 period. 
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It also has a major impact on the average number of stocks, as countries will lose up to 80% of the 

number of stocks with the 300mln threshold. Again, the pre-1997 period will show the sharpest 

decrease in the number of stocks. 

This means that smaller countries do not have stocks left to form a proper portfolio, so this threshold 

should not be considered. 

 

Lastly, we can look at our portfolio construction. A major difference in our portfolio construction is that 

we use the median to split our dataset, instead of using the median size of the NYSE which Fama and 

French use (see 5.1). 

This could cause the negative SMB returns, as we use value weighted returns, meaning that smaller 

stocks give a smaller amount of return (as their market value relative to the total market value is small). 

All small stocks combined still have a much smaller amount of market value compared to the ‘big’ 

stocks. So we should look at the ratio of small stocks and big stocks in the SMB portfolio. 

Fama and French (1993) indicate that there are a disproportionate number of stocks of 3,616 out of 

4,797 in the small stock portfolio in 1991, which is roughly 75%. 

So we have started using this division, increasing it with 5% until the moment the factors are positive. 

This has a positive impact on the SMB factor, but a negative impact on the HML factor. 

When the division is around 85%-90% in the small portfolio, the SMB is getting positive in some 

countries, but the HML remains negative.  

The high percentage is logical as the most countries have a very big difference between the smallest 

portfolio and the largest portfolio. This difference is bigger than Fama and French, so the proportions in 

the ‘Small’ and ‘Big’ portfolio should be different.  

A test with the creation of the size and value portfolios independent of each other does not give positive 

results too. 

 

Ultimately, the best results are achieved when using a combination of a 300mln threshold and 95% in 

the small portfolio. The extra limitations of our dataset only results a lowering on the 300mln threshold 

to the 250mln threshold (on average), still with 95% in the small stock portfolio. 

These conditions mean that a large number of stocks will be removed and that the ‘Big’ portfolio will 

only contain a very small amount of stocks. We consider this to be unworkable and it could seriously 

bias our results. 

 

This means that our dataset seems to be robust, although the results still deviate from Fama and 

French. So we want to stick with our dataset and continue with our research using our data. 

Testing with different threshold and conditions has also shown the more stocks from the period 1993-

2000 are removed, the more positive the returns are. It seems that the period 1993-2000 in our dataset 

has caused the negative average returns for the SMB and HML factors, which could possibly be 

explained by the dot-com crisis. This could support Cochrane’s (2005) statement that the factors are 

declining. 
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An extra test could be conducted with another database (instead of Datastream) or only using major 

indices. However, this paper will not discuss the values and implications of the factors. 

This paper will only look if the factors are able to price the EMU countries and the EMU zone. It is, 

however, interesting for further research to look into this phenomenon.   

 

6.2 Results on integration in the EMU using PCA 

 

Considering the question if we find any evidence on integrated EMU stock markets, we started to look at 

the first principal component. We use the principal component analysis to produce principal 

components (PC), which can be correlated to the country return and can be regressed to produce 

adjusted R2. 

 

At first, we look at the trend in the first PC in Table 7 and Figure 1. Here we can check whether stocks 

are sensitive to same shocks, e.g. the European factor.  

Tests indicated that the PC’s do not correlate with the EMU market factor, EMU HML factor or EMU SMB 

factor.  So this means that PC’s cannot be identified with one of factors of our model. 

We see that the PC increased from 0.45 in 1992 to 0.82 in 2009. This could be interpreted that the 

stocks in the EMU zone got more sensitive to the same shock factor. Over the whole period, the value of 

the first PC was 0.67, indicating that the first principal component is able to explain two thirds of the 

variance in the EMU zone. This is an indication that the EMU has become more integrated over time, 

which was to be expected. 

 

Looking at the development of the correlation with the first PC (table 7 and Figure 3), comparing the 

correlation in 1992 with the correlation in 2009, we can see that the correlation has increased in every 

country. It is remarkable that on average the correlations in the post-2001 are higher than in the pre-

2001 period. This is somewhat to be expected, as the introduction of the euro (as the common 

currency) resulted in an extra boost in the integration process. 

 

On average, the major (biggest) EMU countries have the highest correlation with the first PC, while the 

smaller countries have a much lower correlation. In line with literature, Greece, Finland and Portugal 

(Luxembourg too, but their low number of stocks makes it difficult to interpreted these results), are the 

least integrated with scores 0.68, 0.72 and 0.78, respectively. Germany, France and the Netherlands 

have the highest correlation, all above 0.90. This was also to be expected as these countries are heavily 

externally oriented and were always major players in the European (and world) stock markets. 

The economies of these countries are also based on international (European) trade and export, so their 

high correlation is no surprise. The smaller countries, such as Portugal and Greece have a strong 

tradition of small family run companies. They focus less on trade and export, especially in the pre-euro 
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time period. This means that their stocks are less interesting for investors and are less affected by the 

European stock market movements, thus show a lower correlation. 

 

Considering the trend lines in Figure 3, the correlations show a strong upward trend, except for 

Luxembourg. Still, looking at the graphs, the lines are not the same in every country.  An example for 

different trends in the EMU countries is visible in 1993: some sharp increases or decreases compared to 

1992 show. 

This is also described by Fratscher (2002), who found that there were some low correlations during 

this crisis period of 1992-1993 and there was a high degree of integration volatility in the 90’s. 

It is also noticeable that Germany, the Netherlands, Spain and France (except for one year), show no 

large deviations and a low trend coefficient, compared to the small countries. 

This could be an indication that these countries were already quite integrated, while the smaller 

countries were not. Therefore the larger countries could be less interesting to use as a way of 

diversifying an investment portfolio, resulting in more investments in low correlated (small) EMU 

countries after the creation of the EMU.  After some time, correlation could have increased because of 

the investments made in the smaller countries (Greece, Portugal etc.). 

Another consequence of the high integration of the larger EMU countries and the creation of the EMU 

zone, is that the cost of equity decreases (see 2.2.2) resulting in the possibilities to invest in riskier 

stocks, which can be found in the smaller EMU countries. This again increases the integration process in 

smaller EMU countries. 

 

The two years 1999 and 2000 produce the lowest correlations with the first PC, especially in the 

smaller EMU countries.  This could be possibly explained by the fact that other shocks (explained by 

other components) became more important. This could for example be an international event (for 

example: the dot-com-bubble, the Asian crisis or Russian crisis) to which every country reacted 

differently or it was beyond Europe, which is possibly not captured by the first PC. 

 

Next step is to look at the adjusted R2 in Table 8 to see if the PC factors have any explanatory power.  

Looking at the trend in the adjusted R2 with the first PC in the time period considered, it shows the 

same trend as the correlations: Larger countries have a higher R2 than smaller countries and there are 

higher adjusted R2 ‘s post-2001. 

This generally upward trend is in line with literature and not unexpected, as this is the widely believed 

trend of European stock markets becoming more integrated. Although the period is too short (and the 

frequency of data is only monthly) to conclude the integration is substantial, the integration is apparent. 

 

It is remarkable that Austria, Greece, Luxembourg and Portugal even have some negative adjusted R2 ‘s. 

Again, we see that there is no parallel increase in the adjusted R2. The only major parallel in every EMU 

country which can be found is the dip in 1999-2000. Finland, Greece and Luxembourg have the lowest 
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adjusted R2, having scores between 0.52, 0.47 and 0.46 respectively.  In Germany, France, Netherlands 

with adjusted R2 of 0.86, 0.84 and 0.87, the first PC has the most explanatory power. 

 

If we add extra principal components (Table 9 and 10), so more shocks are accounted for, the 

explanatory power jumps to 0.70 or more. So there are 4 types of shocks in the EMU zone that can 

explain more than 70% of the return, with 6 types of shocks by which more than 78% (for some even 

more the 90%) can be explained. It is remarkable that Luxembourg jumps to the highest adjusted R2. So 

one of the three important other components which explain the returns in the EMU, is much more 

important for Luxembourg than for other EMU countries. However, it should be remembered that a fair 

number of stocks in Luxembourg are denoted in non-euro currencies. 

 

Based on these results, we see evidence of (growing) integration in the EMU stock markets. However, 

there are differences in integration. 

One could conclude that the larger countries are more sensitive to the same shock due to higher 

integration with each other. In line with Yang, Min and Li (2002), we find evidence that smaller 

countries are less integrated, so less sensitive to the same factors – the EMU.  

Implications of the initial low correlations of the smaller EMU countries with the first PC is that they 

could be used as a way of diversification, however, as the EMU has become more integrated, these 

benefits faded away. 

The increased integration of the financial market could also strengthen the economies of the smaller 

countries as the larger integrated EMU countries will invest more in them. 

In the end this means that international diversification through EMU countries is getting less attractive 

for investors. Investors should look for other means of diversification to achieve diversification benefits, 

such as industry diversification or non-EMU country diversification. 

 

As we have found evidence for integration, we go to the next step, by looking if risk factors are able to 

price the return in the EMU countries. 

 

6.3 Results on the risk factors 

6.3.1 The ability of the local CAPM and the 3FM to price stocks 

 

In this section we will look into the question which factor model is best at pricing the EMU zone and 

how good a local model is compared to an EMU model, using the performance measures R2 and α.  

Firstly we look which model is better at pricing the stocks for the EMU countries. Table 11 shows the 

average results for CAPM and the 3FM per country. 

In these results we can see clear evidence that the 3FM is performing better in the adjusted R2. While 

the average adjusted R2 for the local CAPM ranges from 0.151 for Luxembourg and 0.258 for Germany, 
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to 0.526 for France and 0.646 for Italy, the local 3FM ranges from 0.280 for Luxembourg and 0.453 for 

Portugal to 0.711 for Italy and 0.652 for the Netherlands. This means that by adding other risk factors 

SMB and HML, the explanatory power increases. Looking at the adjusted R2 of the EMU factors and the 

combined factors, we see the same tendency: higher scores for the 3FM.  

If we look at the nine portfolios individually, we see the same thing, indicating that for every portfolio 

the explanatory power increases by adding the additional size and value factor.  

Another tendency we see is that countries with a high number of stocks in the dataset have a higher R2, 

although when using the 3FM countries such as Austria and Finland show a remarkable leap in the 

explanatory power. This is possibly explained by the number of small companies is these countries. 

The case for Germany is less clear, as the explanatory power of the local models is lagging compared to 

the rest. This has probably has to do with high amount of stocks, of which most are small compared to 

the rest of the EMU zone (see Table 6). 

  

Although this looks promising for the 3FM, looking at the pricing errors α, the tendency is less clear. 

Except for Belgium and Ireland, the local 3FM produces a higher (or as the pricing error is often 

negative, a more negative) pricing error for the local CAPM. In some cases the pricing error even 

doubles compared to the local CAPM. 

 

Overall the 3FM possess more explanatory power then CAPM, based on the adjusted R2. However, this is 

somewhat offset by a worse pricing errors.  

This is line with other authors such as Bekaert, Hodrick and Zhang (2005), who find evidence that the 

3FM is better at pricing the stocks than CAPM (using only the adjusted R2). 

 

However, when considering the 3FM, the S3H3 and (in lesser degree) S1H1, it delivers much better R2

’s, which do not look awkward anymore. Apparently, the SMB and HML add much to the explanatory 

power when considering these extreme portfolios. 

Even if we do take these two portfolios into account, it is clear that the S3 portfolios have the highest 

adjusted R2 in every model, but also the highest pricing error. The S2 portfolio follows, while the S1 

portfolios produce the lowest adjusted R2. From these results we can conclude that the factor models 

are better able to explain larger companies than smaller companies. 

However, picking S1 portfolios often delivers an abnormal (although low) return, contrary to the S3 

portfolios which often provide a negative alpha. 

Looking at the H-portfolios, it is unclear which portfolios produce the highest adjusted R2 and lowest 

pricing error on a structural basis. 
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6.3.2 Measuring integration in the EMU zone 

 

The next step is whether there is evidence that EMU factors are also able to explain local returns in the 

portfolios. This could be evidence of financial integration. We test this by using EMU factors instead of 

local factors and adding the EMU factor to the local models. 

Looking at the results of using only the EMU factors instead of the local factors, it is striking to see that 

for the CAPM model every small country sees a sharp decrease in R2, while every large country sees 

only a small decrease or even an increase in the explanatory power. 

 

However, again, we see an increase in the pricing error for the large countries. This is an indication that 

the larger countries are better integrated in the EMU. This in line with what we found earlier, meaning 

that the bigger (better integrated) countries are able to be priced with one EMU factor instead of a 

national factor for each country. 

Looking at the 3FM, we see the same tendency, small countries show a large decrease in the R2, while 

the larger countries only display a limited decrease or increase (France). Then again, it is remarkable 

that Spain, Italy and the Netherlands show a major decrease in their R2. 

If we take the pricing errors for the EMU factors, the 3FM performs fairly well, pricing error-wise. Here 

it produces (mostly slightly) lower pricing errors, except for France, Germany and Netherlands, three 

large countries. So here it is the other way around, countries with a low number of stocks, produce a 

lower pricing error. Portugal is an exception to this tendency, although the pricing error itself is low 

compared to the three large countries. 

On the other hand, smaller countries see a decrease in pricing error when using the EMU factors for the 

3FM. 

Comparing the decrease from the local CAPM and 3FM to the EMU CAPM and the EMU 3FM, show that 

the decrease in the EMU CAPM is smaller than the decrease in EMU CAPM in most countries. This 

indicates that the EMU Market return is gaining importance.  

It is remarkable that especially the medium sized portfolios (S2) show an increase in explanatory 

power when using the EMU factor. This could indicate that they are getting more dependent on the EMU 

market. 

On the other hand, it seems that the EMU SMB and EMU HML are less appropriate for these countries, 

adding little to the EMU CAPM compared to the local CAPM. Apparently HML and SMB factors are local 

and differ from factor loading from each other. 

 

Using the local and EMU 3FM increases the R2 in every country and decreases the pricing error 

compared to the local 3FM. Here we find evidence that the combined 3FM is the best model in pricing 

stocks. However, the increase in explanatory power in local factors to the combined factors is not very 

large in most countries. Belgium and France show the largest increase, while Germany and Portugal 

show the smallest. Although this is an indication that EMU stock markets do depend on each other, local 

factors are still dominant in the time period considered. 
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It is, however, somewhat striking to see that Germany has one of the lower R2 and the lowest increase 

going from local to the combined model. This could be explained that Germany is the largest EMU 

member and is in itself very dominant in the EMU. It is more influenced by outside factors in the world 

than in the EMU itself, as it is an exporting country to the rest of the world. Countries such as Belgium, 

France and the Netherlands have a high exposure to other EMU countries resulting in a high adjusted 

R2. Portugal, Ireland and Finland (and Luxembourg) have the lowest adjusted R2 in the EMU zone. 

Probably because they are small and the least integrated in the EMU.  

 

Comparing the local and EMU portfolios, it is striking to see the difference between large (S3) and small 

(S1) portfolios for every country look at the local CAPM. However, if we consider the EMU factors, there 

is a much less pronounced difference.  

Considering the 3FM, the differences between the large and small portfolios are much bigger for the 

local portfolios. When comparing these results to the EMU 3FM it is remarkable that the difference is 

much less pronounced. 

Although the differences, this indicates that larger companies can be somewhat more explained by EMU 

factors, especially with the EMU market return, which could be an indication that they are more 

integrated in the EMU market than smaller ones. This this can be explained that larger companies often 

have more international operations. 

However, apparently the EMU SMB and EMU HML factors have much less additional explanatory power 

compared to the local SMB and HML factors. This is especially true for the large (S3) portfolios, adding 

these factors to the EMU CAPM do not increase the explanatory power much. 

This could indicate that the SMB and HML factors differ in the EMU countries from each other, while the 

EMU market return is more pronounced.  The EMU market return is apparently an important 

explanatory factor.  

 

All together, we see evidence that the EMU zone integrated – to a certain degree. However, the addition 

of EMU factors to the local factors is not that significant. This could have several reasons; one reason 

could be that although the EMU is integrated, the characteristics of the EMU stock markets are still very 

different. In one country small stocks are very dominant, while in another it is not. Possibly the 

characteristics of these stock markets were different before the introduction of the euro and got more 

similar after the euro became the common currency. 

It is therefore interesting to see whether this has increased over time or if it was already high since 

1993 and if there is a difference in the period before and after the euro. 

 

6.3.3 The factor models in the EMU over time 
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To do so, we have divided the data sample in two, conveniently pre-2001 and post 2001. We do expect 

an increased integration, as this is the year when the euro was introduced as the common currency and 

all ‘old’ domestic currencies could not be used anymore. The question is how much better the EMU 

factor in the post-2001 period. 

 

We can see in Table 14 a tendency that the explanatory power of the CAPM with EMU factors has nearly 

doubled or even more  for every country, except for Belgium, Germany, France, Netherlands and Spain, 

which show an increase, but not as drastic as the rest. These countries are expected to be already 

somewhat more integrated with the EMU. Still, the pricing errors have increased, except for the small 

countries.  

When looking at the combined (local and EMU) 3FM, we see that the adjusted R2 has increased 

everywhere and the pricing error has decreased in most of the cases. It is interesting to see that the 

increase from adding the local factors to the EMU CAPM added more explanatory power in the pre-2001 

period then in the post-2001 period. This is still a strong indication that the EMU got more integrated 

after 2001, which was expected. The effect of the local factor has decreased after 2001.  

Looking at the pricing errors, there is no clear trend for the CAPM models. 

 

Looking at the EMU 3FN and the combined 3FM, we see the same development.  

The explanatory power of the 3F models is much higher in the post 2001 period, especially for the 

combined factors, where the pricing errors are also lower.  

An exception is Finland, which is the only country where the adjusted R2 decreases somewhat in the 

post-2001 period. 

Considering the addition of local factor in the two periods, they add to the adjusted R2 in the post-2001 

period, but less compared to the pre-2001 period. The exceptions are the larger countries France, 

Germany, Italy and the Netherlands where adding the local factor in the post-2001 even decreased the 

adjusted R2 . This probably has something to do with the difference in local and EMU SMB and HML 

factors. An explanation could be that as these countries are very integrated within the EMU, their small 

size and values tocks are very much depended on EMU shocks, not so much on local shocks any more. 

It should also be noticed that adding the local factor decreases the pricing error in every country except 

for Germany. This means that by adding local factors in the post-2001 period, the explanatory power 

decreases at every aspect. This should not be a surprise as the Germany is the largest stock market in 

the EMU and very much depend on its international trade. 

 

When it concerns the results, the overall picture is that there is a tendency that smaller countries 

became more integrated after 2001. The addition of a local factor has less impact in the post-2001 

period than before. 

On the other hand, the larger countries (especially France and Germany) had already a higher degree of 

integration and the differences between the pre- and post-2001 period is limited. Also the addition of 

the local factor for these two countries is limited. Spain and Italy, two other large countries, are heavily 
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affected by adding the local factor in the pre-2001 period, while in the post-2001 period the impact is 

very limited. Italy has even the highest scores for the CAPM and 3FM models using the EMU factors, 

meaning stock index is gotten highly integrated after 2001. 

This is in line with Baele et al. (2004) who expected that local factors are getting less important.  

Again the implications of integration are apparent, as the larger countries were already integrated, 

meaning that investors looked for diversification benefits in other less integrated EMU countries. This 

could have resulted in the increase of integration (and decrease the importance of local factors) in the 

post-2001 period. 

 

6.3.4 Pricing the EMU zone as a whole 

 

Finally, we want to see what happens if we use the EMU factors only to explain the returns in the whole 

of the EMU. It appears (using Table 14) that an EMU CAPM and an EMU 3FM is fairly capable of pricing 

the stocks in the portfolios with an adjusted R2 of 0.584 and 0.707 respectively.  

These are on average much higher scores (except for the France EMU 3FM) when using the an EMU 

model to price the EMU as a whole than using the EMU factors to price the countries individually. Even 

the pricing error is lower for most countries. 

If we look at the portfolios individually in Table 12 (continued) and Table 13 (continued), it is 

remarkable that the almost all adjusted R2’s are higher for portfolios than scores for individual country 

produced by the EMU factors, except the S1H1 portfolios. The S1H1 seems to produce a lower score in 

many countries. This could be explained that other factors are much more important for these small 

companies, such as local factors, as many small companies are not that well integrated in the EMU.  

 

Oppositely, it seems that larger companies are much more integrated as they are well explained by EMU 

factors. This could be causes by better international integration, as larger companies often have 

international operations or are big enough to be influenced by international (EMU) factors. 

Still, it is interesting to see how much the ‘S’ portfolios have lower scores in some cases. 

 

Ultimately, if we consider the combined factor models compared to the EMU factors alone, the EMU 

factors show a higher or comparable adjusted R2 for most countries. Even looking at the pricing errors, 

while the EMU CAPM shows higher pricing errors, the EMU 3FM shows smaller pricing errors in most 

cases. 

It seems to be that factors models are able to price all EMU stocks combined fairly well.  Looking at the 

development of the EMU models pre- and post-2001, again we see that the EMU has become more 

integrated, event to the point that EMU stocks can be pooled together and priced by EMU factors. 

This could lead to the conclusion that in the current state of the EMU, integration is at a level that we 

could pool all stocks from the EMU markets together and then we are able price them better than taking 
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every EMU country individually. This would be ultimate form of integration as we do not have to create 

separate factor models for different countries, but we could use only one model. 
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7 Conclusion 

 

In this paper we have tried to provide an insight in the integration of the stock markets in the EMU zone 

and examine different factor models to see which is better at pricing the stocks in the EMU zone. 

Currently there are a few studies on whether or not the EMU zone should be regarded as one integrated 

stock market and what this means for pricing stocks. This is an interesting question as a completely 

integrated EMU market could have a major impact on the way how we price assets in Europe and how 

achieve a well-diversified portfolio.  

However, there still is little recent academic literature on EMU stock market integration and on the way 

we price EMU stocks. 

This paper’s main contribution is providing evidence of EMU stock market integration by using a non-

correlation method and asset pricing models, and what asset pricing model is able to price the stocks 

best in the integrated EMU zone. 

 

Although we expect the EMU market fairly integrated, we wanted to test this assumption. If we find 

evidence for this assumption, then it is interesting to know if the stocks could be priced by the same risk 

factors, which could indicate if the market is really integrated. Do national risk factors still add 

something to the pricing of EMU stocks? Or is one EMU risk factor able to price all EMU stocks? 

To examine if the risk factors in the EMU zone are able to price stocks, we use the CAPM and Fama and 

French three factor model. This means that we want to test if the market factor, the size factor and 

book-to-market factor are common risk factors. 

 

Firstly, we have looked (a) if there is evidence for 12 initial EMU countries stock market to be 

integrated in the time period 1992-2009 (monthly data).  

We have followed Volosovych (2010) and Pukthuanthong and Roll (2009) in their use of the principal 

component analysis in order to see if the stock markets in the EMU zone are correlated with the first 

principal component. We used the correlation coefficient and the trend in the coefficients to test this. 

By doing this, we see that there is an increasing trend in the correlation.  

After doing this, we have regressed the EMU country’s total market index with the first, the first four 

and the first six principal components to see how much is explained by the adjusted R2. 

By doing this we find evidence that there is indeed increasing integration in the EMU zone. Although 

larger countries were already more integrated and show a high degree of integration compared to the 

smaller countries, the small countries are getting more integrated and show a higher increase in 

integration, especially after 2001.  

This has implications for investors as their diversification opportunities within the EMU will decline. If 

we follow Goetzmann et al. (2005) we could even say that in the post-2001 period, as integration is high 

in the EMU zone, EMU stock markets could be interpreted as bearish. 

 



41 

 

Secondly, we have constructed the CAPM and the Fama and French three factor model (3FM) for the 12 

EMU countries and for the EMU zone as a whole. Following Fama and French (1993) and Bekaert, 

Hodrick and Zhang (2005) we have constructed local, EMU and combined factor models to see which 

one is best as pricing stocks.  

 

We have shown that based on the adjusted R2 and the pricing error α (b) the 3FM is better at pricing 

EMU stocks then the CAPM in all cases. This is line with existing literature, which also show that the 

3FM is better at pricing stocks than CAPM. This strengthens the 3FM case as this papers uses the EMU 

zone as test area, for which academic literature is very limited.  

  

Looking at the EMU factors compared to the local factors (c) they are able to price the stocks of the EMU 

zone, but the adjusted R2 is lower for all factor models.  

When using EMU factors for CAPM, there is a decrease, but the decrease is relatively small. This 

indicates that the EMU market return is getting important. Especially the medium (S2) portfolios show 

an increase in many countries, indicating that medium sized companies are getting more integrated 

with the EMU.  

In the case of the 3FM, using the EMU factors produce somewhat lower pricing errors compared to 

using local factors. We see that the larger countries (e.g. France, Germany and the Netherlands) show 

little decrease or even some increase in the R2 when using the EMU CAPM instead of local factors, 

indicating that they are more integrated in the EMU zone. This could be expected as these countries are 

internationally focused. Smaller countries on the other hand, show a large decrease in R2. 

The addition of the EMU SMB and HML factors for the countries individually results in a worse 

performance, as the decline in explanatory power is larger for the 3FM than compared to the CAPM. 

This could indicate that the SMB and HML are not similar in the EMU zone and do not add that much for 

smaller countries compared to the local SMB and HML. 

 

When we use the combined factor models (local and EMU factors) we see that (d) the addition 

produces little extra explanatory power to the adjusted R2 for CAPM and the 3FM. Still, the combined 

factor models produce the highest adjusted R2’s. The combined 3FM also produces the smallest pricing 

errors, making it the best model so far. 

Again there is a difference between larger and smaller countries, as the differences in the larger 

countries between the local, EMU and combined factors are smaller. This indicates that these factors are 

more similar and so, these countries are more integrated. 

 

These results could be somewhat biased because of the lack of integration in the first half of our data set 

(pre-euro). So the next step we took was to look to split the data set into two periods, pre-2001 and 

post-2001, and see if there are differences in explanatory power in the models. 

We find that (e) there is an interesting tendency that the local factors added more to the explanatory 

power in the pre-2001 period than in the post-2001 period. In other words, the local factor is becoming 
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less important in the recent period. This can be seen in the difference between the models using only 

the EMU factors and the models using the combined factors. This is especially true for smaller countries, 

seeing the adjusted R2 increase drastically when adding the local factor in the pre-2001 period, while 

this effect is fairly limited in the post-2001 period. The EMU zone got more integrated after 2001 and 

the local factors are getting less important, which is in line with Baele et al. (2004). 

This is in line with the first PC tests, which show a larger increase in the degree of correlation for the 

smaller countries. 

 

Finally, we find evidence that (f) EMU factors are able to price the EMU zone as a whole.  

If all the stocks are pooled together in one EMU stock market, an EMU CAPM and EMU 3FM is able to 

price the whole zone much better than the countries individually. Even compared to a combined factor 

model pricing, an individual EMU country often produces a higher adjusted R2 and a lower pricing 

error. 

If we look at the local portfolios, it is striking to see the difference between large (S3) and small (S1) 

portfolios for every country. However, if we consider the EMU factors, there is a much less pronounced 

difference. Although the difference is smaller, this indicates that larger companies can be somewhat 

more explained by EMU factors, which could be an indication that they are more integrated in the EMU 

than smaller ones. This this can be explained that larger companies often have more international 

operations. 

In many cases the EMU market factor (thus EMU CAPM) has more explanatory power than the local 

versions, indicating that the EMU market factor is getting more important. It is, however, interesting to 

see that the EMU SMB and HML factor add much less to the EMU CAPM than the local versions. 

In the end, it shows that the common EMU factors are able to price EMU stocks very well. 

 

This paper has provided recent support that the EMU is getting more integrated, although larger 

countries were already integrated. The largest increase in integration is found for the small countries.  

Secondly, this paper has provided empirical support for the 3FM being to explain return better than the 

CAPM. 

Finally, it provides evidence that EMU factors are getting more and more important and the EMU factor 

is even capable of pricing the EMU zone as a whole.  Although this is especially true for the large 

countries, EMU factors are not able to explain the returns of the small countries very well. 

 

7.1 Further research 

 

While writing this paper, several interesting areas showed up which require some more research and 

could add more insights, and possibly some more robustness, for the results showed here.  
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Firstly, it could be interesting check for other integration consequences. It could be interesting if there 

is a division in the integration within the EMU countries, like a north-south division. France, for 

example, could be more integrated with other southern European countries. 

On the other hand, as country diversification is less interesting, it could be interesting to check for the 

integration within the EMU industries. Are these industries also more integrated or are only some 

industries integrated? 

 

Secondly, one might want to check the data and do the same test with another database, such as the 

MSCI, not only for the PCA, but also for the factor model tests.  

As stated before, the data produced by Datastream reveals some uncertainties, especially for the 

country’s ‘Dead stock list’. If there is a database which shows the complete constituency list per year, it 

would be easier to produce results and maybe more accurate. Especially because some authors, such as 

Faff (2004), pointed out that the data selection could potentially bias results. 

Another test one might want to consider is using only major stock markets indices. Although this could 

potentially limit the number of stocks, it could more usable for investors. Often small stocks are hard to 

find or track, so they are not used in the ‘real’ portfolio forming anyway. Besides, information for these 

stocks is less sensitive for errors. 

 

Finally, it is interesting to test the methodology of the Fama and French three factors for the EMU zone.  

What, if at all, and how big are the factors in Europe exactly? This paper only touched this subject only 

briefly and there are no academic reference points. 

It would be interesting to conduct a thorough methodological test to see if there still is a size a value 

effect. This paper finds some evidence which might support the claim that there is possibly a reversal in 

the size and value factors. This could be the result of the used methodology used or wrong database in 

this paper, but may be the Fama and French factors have truly changed. 

 

One might want to consider different portfolio constructions. Even Fama and French (1993) admit it, 

the current splits in the construction is arbitrary. Especially if one wants to look at individual (small) 

countries, such as Portugal and Ireland. These countries produce portfolios containing a very limited 

number of stocks, which could potentially produce in biased results. Different split strategies could 

produce more even divided portfolios. 

Even the annual formation now widely used in academic research on the Fama and French could be 

outdated. If we look at the current actual used portfolios (take IShares or MSCI), these portfolios are 

rebalanced quarterly or even monthly. 

When Fama and French conducted their research in 1993, they used data ranging from 1963 until 1991. 

Even their more recent papers (and others) date from the 1990’s. These were the times that computers 

were almost non-existent, most brokers were still working on the exchange floor and internet was 

(almost) nonexistent.   
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The development of computers and internet made it possible trade stocks quickly, access all sorts of 

information and calculate sophisticated portfolios.  Investors were also able to utilize certain anomalies 

quickly, making them possibly disappear, while other anomalies were able to come into existence. 

Now looking at the MSCI for example, they have publicly traded ‘size’ and ‘value’ indices, which could 

have potentially reduced the anomalies. 

Thus, is could be very relevant to reinvestigate the methodology of the Fama and French three model, as 

times has changed, possibly changing the risk factors too. 

As these questions indicate, there still is a lot to research in the area of the CAPM and the 3FM. 
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8 Figures and Tables  
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Figure 1: Average value of the principal components 

Average cumalative % of variance explained by the sorted eigenvectors for the period 
1992-2009. For the construction the of principal components, we use the monthly DS Total 
Market Index retrun of the 12 initial EMU countries. We sort the eigenvectors from the 
largest value (PC1) to the smalles value (PC12). 
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Figure 2: Values for the first  principal component 

This chart shows the values for the first principal component for the subsequent year. A trendline 
is added to show what the general trend is in the period 1992-2009. 
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Table 4: Summary Statistics for the factors and the DS Market Indices, full sample period 
 

Annualized summary statistics for all risk factors in the considered countries in the EMU zone and the EMU zone as a whole. The 
factors Mrkt-RF, HML and SMB are constructed from all available stocks from Datastream. Mrkt-RF is the return to the market 
risk factor (value weighted market return minus the risk free), HML is return on a portfolio which is long on high book to-market 
stocks and short on low-book-to-market stocks and SMB is the return on the portfolio which is long on small capitalization 
stocks and long on big capitalization stocks. DSmrkt is the total market return index from Datastream. 
 *, **,*** are used to indicate the significance level - at 10%, 5% and 1% respectively - for the Jarque-Bera test. 

 
  Mean Std. Dev. Skewness Kurtosis Jarque-Bera 
Austria Mrkt-Rf .0218 .7586 -.5488 5.5229 60.56*** 
 HML .0077 .1391 -.5417 8.3703 240.1*** 
 SMB -.0126 .1765 .4516 7.8419 194.1 *** 
 DSMrkt .0428 .6879 -1.410 8.3612 330.4*** 
       
Belgium Mrkt-Rf .0505 .6173 -.7832 4.2410 31.95*** 
 HML .0042 .0628 1.002 12.3518 731.8*** 
 SMB -.0058 .1222 1.7197 10.0382 490.9 *** 
 DSMrkt .0486 .06341 -1.5234 7.8073 291.5*** 
       
Finland Mrkt-Rf .1086 1.093 -.0803 4.0601 9.197*** 
 HML -.0297 .4177 .0787 6.2948 87.05*** 
 SMB -.0372 .3341 .0813 4.4679 17.45 *** 
 DSMrkt .1292 1.1213 -.2536 3.9913 11.16*** 
       
France Mrkt-Rf .0371 .5980 -.6049 3.3209 12.54*** 
 HML -.0013 .0095 -.0833 3.5085 5.55* 
 SMB -.0197 .1810 .6880 3.5420 17.39 *** 
 DSMrkt .0584 .6721 -.5691 3.4774 13.71*** 
       
Germany Mrkt-Rf .0316 .2693 1.7366 18.2841 29*** 
 HML -.0090 .06917 -1.5146 12.924 861.4*** 
 SMB -.0184 .1112 .35011 5.0960 39.07*** 
 DSMrkt .0493 .6844 -.8113 4.0827 34.25*** 
       
Greece Mrkt-Rf .0842 .9871 .0953 4.9217 29.87*** 
 HML -.0114 .1454 -1.944 23.4455 3465 *** 
 SMB -.0288 .2714 -.1470 5.9176 68.79 *** 
 DSMrkt .0630 .9846 .1365 4.9543 35.05*** 
       
Ireland Mrkt-Rf -.0008 .6893 -1.1638 6.5326 143.2 *** 
 HML -.0040 .1106 -.17052 5.8746 67.04*** 
 SMB -.0158 .1874 .9786 5.8389 95.13*** 
 DSMrkt .0473 .7530 -1.058 4.9743 75.44*** 
       
 Mrkt-Rf .0445 .7484 .0251 3.9295 6.933 ** 
Italy HML -.0058 .1149 -.3940 4.9635 35.81*** 
 SMB -.0188 .2228 .0998 4.0075 8.441** 
 DSMrkt .0418 .7827 .0336 3.6520 3.868 
       
Luxembourg Mrkt-Rf  .0265 .5625 -.9167 4.9576 57.55*** 
 HML .0103 .0700 1.7465 13.6084 215.1 *** 
 SMB -.0089 .1260 1.2891 7.49894 997.9*** 
 DSMrkt .0810 .6650 -1.1917 8.1950 292.7*** 
       
Netherlands Mrkt-Rf .0283 .5935 .1317 6.2849 86.88*** 
 HML -.0015 .1010 -.3931 5.7957 67.48*** 
 SMB -.0096 .1524 .7479 5.7945 80.38*** 
 DSMrkt .0565 .6994 -1.399 6.3603 146.4*** 
       
Portugal Mrkt-Rf .0516 .7094 -.2025 6.4319 95.54*** 
 HML -.0029 .1514 .0407 15.1833 1188 *** 
 SMB -.0183 .2069 .4687 7.3498 158.4*** 
 DSMrkt .0596 .6846 -.3964 6.7593 132.9 *** 
       
Spain Mrkt-Rf .0773 .6866 -.4327 4.0135 14.21*** 
 HML -.0024 .1151 -.0689 7.2668 145.8 *** 
 SMB -.0323 .1941 .4469 4.8097 32.59 *** 
 DSMrkt .0829 .7010 -.4950 4.1286 20.29*** 
       
EMU Mrkt-Rf .0520739 .5330097 -.568781 3.655872 13.79 *** 
 HML -.0085287 .0551645 -.6625227 6.191909 51.96*** 
 SMB -.015173 .1337643 .8421308 4.912793 95.55*** 
 DSMrkt      
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Table 5: Average return of SMB and HML portfolio over different time periods. 
 
This table shows the (annualized) average return of the SMB and HML portfolios. Instead of year 1993 used in this paper, different starting 
years are investigated. This to check if certain years have an effect on the sample as a whole. 
Results are in absolute numbers and annualized. 

 
 1996-2009 1998-2009 1999-2009 2000-2009 1993-2000 
Austria      
SMB -0.0126 -0.0053 -0.0062 0.0104 -0.04168 
HML 0.0067 0.0037 0.0041 0.0197 -0.00716 
      
Belgium      
SMB -0.00403 0.00181 0.00184 0.00647 -0.02201 
HML 0.00663 0.00747 0.00872 0.00772 -0.00054 
      
Finland      
SMB -0.03456 -0.01912 -0.00557 0.02632 -0.11687 
HML -0.03161 -0.02215 -0.00076 0.04562 -0.12453 
      
France      
SMB -0.01682 -0.01270 -0.00561 0.01064 -0.05809 
HML -0.00720 -0.00721 -0.00364 0.00949 -0.03046 
      
Germany      
SMB -0.01868 -0.00926 -0.00628 -0.00162 -0.03959 
HML -0.01047 -0.00248 0.00187 0.00503 -0.02734 
      
Greece      
SMB -0.02673 -0.00897 0.00130 0.00370 -0.06580 
HML -0.01090 -0.00527 -0.00371 -0.00353 -0.02117 
      
Ireland      
SMB -0.01189 -0.00370 -0.00267 -0.00035 -0.03638 
HML -0.00243 -0.00305 -0.00368 -0.00555 -0.00103 
      
Italy      
SMB -0.01797 0.00267 0.00461 0.01449 -0.06104 
HML -0.01175 -0.00332 0.00027 0.00829 -0.02230 
      
Luxembourg      
SMB -0.00555 -0.00112 -0.00190 0.00389 -0.02559 
HML 0.01303 0.01211 0.01447 0.01389 0.00588 
      
Netherlands      
SMB -0.00612 0.00136 0.00350 0.00950 -0.03331 
HML 0.00109 0.00434 0.00381 0.00691 -0.01214 
      
Portugal      
SMB -0.01557 0.00347 -0.00305 0.00285 -0.04493 
HML -0.00238 0.00624 0.00384 0.00988 -0.01879 
      
Spain      
SMB -0.03144 -0.01211 -0.01177 -0.00896 -0.06104 
HML -0.00193 -0.00114 0.00001 0.00072 -0.00731 
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Table 6: Overview on average Size and BEME portfolios 
 
This table shows descriptive statistics the 9 stocks formed on size and book-to-market equity for the period July 1993 until June 2009. The nine 
portfolios are based on three size (S1: small, S3: big) portfolios and three value (H1: low book-to-market, H3: high book-to-market) portfolios. 
  

  Average firm size for portfolio  Average BE/ME for portfolio 
  H1 H2 H3 H1 H2 H3 

Austria S1 49.83 94.77 60.81 0.58 2.77 11.05 
 S2 422.44 449.54 397.34 0.34 0.72 3.09 
 S3 14510.99 8384.09 3770.33 0.36 0.66 1.95 
        
Belgium S1 77.39 60.1 57.06 0.43 1.09 4.64 
 S2 497.81 519.47 415.2 0.4 0.96 4.01 
 S3 16487.13 18193.81 8682.73 0.35 0.63 1.3 
        
Finland S1 84.08 66.23 59.23 0.54 1.21 3.04 
 S2 428.43 423.53 419.27 0.34 0.82 2.27 
 S3 11125.31 2919.56 2051.29 0.36 0.84 1.84 
        
France S1 55.08 64.57 51.8 0.3 0.78 2.76 
 S2 568.7 535.28 542.47 0.26 0.62 2.16 
 S3 25813.06 17559.93 11425.24 0.22 0.5 1.08 
        
Germany S1 45.38 47.32 36.01 0.23 0.72 3.06 
 S2 414.13 418.63 374.58 0.21 0.52 1.71 
 S3 12905.9 8637.14 6244.14 0.18 0.44 1.12 
        
Greece S1 40.05 39 25.89 0.82 3.03 10.35 
 S2 214.97 194.18 207.65 0.31 0.74 2.72 
 S3 1864.5 2175.48 1341.8 0.21 0.44 1.05 
        
Ireland S1 31.56 35.83 22.85 0.39 0.94 3.04 
 S2 273.9 272.41 207.94 0.32 0.68 1.49 
 S3 2291.04 3687.36 3791.01 0.25 0.45 0.79 
        
Italy S1 107.89 93.98 75.5 0.6 1.69 11.1 
 S2 536.23 513.61 493.47 0.47 0.97 4.55 
 S3 10667.23 7396.82 4540.94 0.33 0.74 2.35 
        
Luxembourg S1 30.4 20.21 2.99 0.74 3.13 16.84 
 S2 479.25 465.34 373.32 0.45 0.9 2.57 
 S3 8225.66 17286.45 9355.73 0.27 0.58 1.08 
        
Netherlands S1 42.59 39.28 40.38 0.31 0.72 3.34 
 S2 594.45 532.92 555.95 0.27 0.61 1.4 
 S3 35566.75 23027.24 13637.75 0.17 0.45 0.98 
        
Portugal S1 23.24 21.24 12.59 0.78 1.77 4.4 
 S2 192.97 176.96 133.19 0.45 0.84 1.79 
 S3 2921.66 2607.63 1637.92 0.29 0.53 0.96 
        
Spain S1 109.29 91.44 74.84 0.48 0.96 2.97 
 S2 753.85 671.81 632.17 0.31 0.62 1.04 
 S3 8893.85 8356.78 7640.23 0.25 0.51 0.94 
        
EMU S1 39.33 39.01 27.93 0.31 0.93 4.86 
 S2 388.81 366.82 339.71 0.25 0.64 2.39 
 S3 13909.37 10779.52 6848.26 0.21 0.49 1.27 
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Figure 3: Correlations between the EMU countries and the first principal component, 1992-2009 
 
These figures show the correlation between the first principal component and the country’s return index for the 
period 1992-2009 graphically. The graphs are based on the data provided by Table 7. A trend line is added show 
what the general tendency of the correlation is.  
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Figures 3 continued: Correlations between the EMU countries and the first principal component  
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Table 11: Average regression results on CAPM and 3FM , 1993-2009 
 
This table shows the average performance measures from regressing the nine sorted portfolios of the 12 countries considered and the EMU zone as a 
whole. For the EMU zone as a whole only the EMU factors are stated, as the EMU zone has no ‘local’ factor except the EMU factor.  For each of the three 
sorts of factors ‘Local’, ‘EMU’ and ‘Local and EMU’ – see equations 7 to 12 – the pricing error and the adjusted R2 is stated. Results are the averages of 
the nine portfolios,  in absolute numbers and based on monthly data (not annualized). 

  Local factors  EMU factors Local and EMU factors 
  Av. adj. R2 Av.      Av. adj. R2 Av.      Av. adj. R2 Av.      
Austria           
CAPM  0.321 -0.000004  0.275 -0.000296  0.329 -0.000121  
3FM  0.504 -0.000289  0.377 -0.000282  0.551 -0.000265  
           
Belgium           
CAPM  0.365 -0.000238  0.363 -0.000276  0.384 -0.000261  
3FM  0.573 -0.000150  0.514 -0.000253  0.591 -0.000148  
           
Finland           
CAPM  0.309 -0.000099  0.287 0.000156  0.362 -0.000092  
3FM  0.635 -0.000194  0.324 -0.000072  0.665 -0.000171  
           
France           
CAPM  0.526 -0.000076  0.512 -0.000237  0.535 -0.000071  
3FM  0.620 -0.000285  0.665 -0.000282  0.724 -0.000268  
           
Germany           
CAPM  0.258 0.000038  0.404 0.000040  0.408 0.000028  
3FM  0.464 -0.000188  0.452 -0.000045  0.506 -0.000176  
           
Greece           
CAPM  0.517 -0.000128  0.166 0.000097  0.518 -0.000142  
3FM  0.636 -0.000231  0.234 0.000095  0.656 -0.000226  
           
Ireland           
CAPM  0.312 0.000239  0.246 -0.000147  0.346 0.000113  
3FM  0.437 -0.000217  0.293 -0.000099  0.459 -0.000211  
           
Italy           
CAPM  0.646 -0.000142  0.391 -0.000264  0.649 -0.000150  
3FM  0.711 -0.000272  0.485 -0.000239  0.735 -0.000253  
           
Luxembourg           
CAPM  0.151 -0.000085  0.135 -0.000198  0.178 -0.000147  
3FM  0.280 -0.000196  0.154 -0.000156  0.306 -0.000191  
           
Netherlands           
CAPM  0.392 -0.000134  0.425 -0.000311  0.458 -0.000228  
3FM  0.652 -0.000228  0.552 -0.000432  0.680 -0.000224  
           
Portugal           
CAPM  0.356 -0.000133  0.174 -0.000093  0.357 -0.000145  
3FM  0.453 -0.000217  0.197 -0.000145  0.460 -0.000209  
           
Spain           
CAPM  0.494 0.000031  0.344 0.000202  0.497 0.000031  
3FM  0.578 -0.000288  0.377 0.000155  0.587 -0.000278  
           
EMU           
CAPM  -- --  0.584 -0.000155  -- --  
3FM  -- --  0.707 -0.000217  -- --  
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Table 12: Regression results on CAPM, 1993-2009 
 
This table shows the monthly performance measures from regressing the nine sorted portfolios of the 12 countries considered and the EMU zone as a 
whole. For the EMU zone as a whole only the CAPM (EMU) is stated, as the EMU zone has no ‘local’ factor except the EMU factor.  For each of the three 
models CAPM (local), CAPM (EMU) and CAPM (local and EMU) – see equations 7, 9 and 11 – the pricing error and the adjusted R2 is stated.  
Results are in absolute numbers, based on monthly data (not annualized). 

  CAPM (local) CAPM (EMU ) CAPM (local and EMU) 
  Adj. R2   Adj. R2   Adj. R2   

Austria S3H3 0.355 0.000829 0.311 0.000519 0.365 0.000705 
 S3H2 0.509 0.001340 0.428 0.000383 0.519 0.001020 
 S3H1 0.565 -0.002000 0.519 -0.003100 0.592 -0.002520 
 S2H3 0.252 0.000134 0.176 0.000083 0.248 0.000132 
 S2H2 0.329 -0.000127 0.349 -0.000233 0.368 -0.000197 
 S2H1 0.288 -0.000145 0.223 -0.000217 0.286 -0.000160 
 S1H3 0.128 0.000010 0.121 0.000000 0.132 0.000005 
 S1H2 0.237 -0.000068 0.190 -0.000085 0.236 -0.000072 
 S1H1 0.223 -0.000005 0.160 -0.000014 0.219 -0.000005 

 

Belgium S3H3 0.474 0.000203 0.496 0.000097 0.507 0.000114 
 S3H2 0.715 -0.001610 0.675 -0.001780 0.730 -0.001720 
 S3H1 0.611 -0.000761 0.498 -0.000810 0.609 -0.000756 
 S2H3 0.216 0.000006 0.216 0.000002 0.222 0.000003 
 S2H2 0.296 0.000010 0.319 0.000002 0.321 0.000003 
 S2H1 0.398 0.000007 0.417 0.000001 0.425 0.000002 
 S1H3 0.152 0.000000 0.179 0.000000 0.175 0.000000 
 S1H2 0.214 0.000004 0.243 0.000003 0.240 0.000003 
 S1H1 0.206 0.000002 0.224 0.000001 0.223 0.000001 

 

Finland S3H3 0.277 0.000339 0.338 0.000297 0.352 0.000247 
 S3H2 0.409 0.000378 0.527 0.000271 0.544 0.000193 
 S3H1 0.864 -0.002250 0.351 0.000203 0.892 -0.001840 
 S2H3 0.290 0.000166 0.329 0.000160 0.351 0.000145 
 S2H2 0.238 0.000307 0.244 0.000308 0.271 0.000286 
 S2H1 0.298 0.000060 0.336 0.000055 0.360 0.000041 
 S1H3 0.128 0.000027 0.120 0.000028 0.138 0.000025 
 S1H2 0.100 0.000051 0.150 0.000048 0.147 0.000047 
 S1H1 0.180 0.000031 0.188 0.000031 0.206 0.000028 

 

France S3H3 0.793 0.000166 0.762 -0.000167 0.796 0.000072 
 S3H2 0.887 -0.000756 0.814 -0.001250 0.887 -0.000732 
 S3H1 0.856 -0.000179 0.764 -0.000742 0.859 -0.000023 
 S2H3 0.443 0.000003 0.461 -0.000015 0.460 -0.000011 
 S2H2 0.516 -0.000005 0.518 -0.000025 0.525 -0.000017 
 S2H1 0.520 0.000079 0.519 0.000061 0.528 0.000070 
 S1H3 0.226 -0.000001 0.255 -0.000003 0.252 -0.000003 
 S1H2 0.262 0.000003 0.279 0.000001 0.275 0.000002 
 S1H1 0.233 0.000006 0.235 0.000004 0.235 0.000005 

 

Germany S3H3 0.432 0.000051 0.538 0.000095 0.550 0.000035 
 S3H2 0.610 -0.000725 0.809 -0.000679 0.818 -0.000755 
 S3H1 0.370 0.000821 0.602 0.000770 0.600 0.000785 
 S2H3 0.319 0.000048 0.535 0.000045 0.534 0.000046 
 S2H2 0.321 0.000061 0.513 0.000059 0.511 0.000059 
 S2H1 0.136 0.000057 0.289 0.000049 0.295 0.000055 
 S1H3 0.049 0.000012 0.101 0.000011 0.098 0.000011 
 S1H2 0.077 0.000012 0.200 0.000011 0.212 0.000012 
 S1H1 0.006 0.000002 0.046 0.000001 0.057 0.000002 

 

Greece S3H3 0.764 0.000369 0.243 0.000800 0.763 0.000376 
 S3H2 0.828 -0.001300 0.350 -0.000656 0.835 -0.001470 
 S3H1 0.635 -0.000348 0.194 0.000272 0.634 -0.000323 
 S2H3 0.614 0.000035 0.262 0.000090 0.618 0.000019 
 S2H2 0.614 -0.000073 0.175 0.000044 0.613 -0.000064 
 S2H1 0.563 0.000134 0.135 0.000249 0.566 0.000151 
 S1H3 0.130 -0.000017 0.029 -0.000013 0.127 -0.000017 
 S1H2 0.309 -0.000045 0.077 -0.000029 0.307 -0.000043 
 S1H1 0.197 0.000090 0.033 0.000113 0.199 0.000096 

 

Ireland S3H3 0.508 -0.000166 0.300 -0.001240 0.519 -0.000461 
 S3H2 0.528 0.000529 0.320 -0.000853 0.542 0.000125 
 S3H1 0.477 0.000959 0.299 0.000310 0.492 0.000753 
 S2H3 0.218 0.000211 0.240 0.000113 0.276 0.000147 
 S2H2 0.319 0.000202 0.338 0.000088 0.397 0.000129 
 S2H1 0.361 0.000304 0.365 0.000176 0.439 0.000226 
 S1H3 0.175 0.000019 0.152 0.000011 0.197 0.000015 
 S1H2 0.119 0.000060 0.111 0.000048 0.137 0.000053 
 S1H1 0.101 0.000037 0.089 0.000025 0.112 0.000031 
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Table 12 continued 
  CAPM (local) CAPM (EMU ) CAPM (local and EMU) 
  Adj. R2   Adj. R2   Adj. R2   

Italy S3H3 0.750 -0.000303 0.478 -0.000549 0.749 -0.000321 
 S3H2 0.869 -0.000347 0.555 -0.000703 0.869 -0.000376 
 S3H1 0.866 -0.000811 0.554 -0.001220 0.865 -0.000846 
 S2H3 0.666 0.000071 0.342 0.000054 0.673 0.000085 
 S2H2 0.707 0.000027 0.428 -0.000001 0.706 0.000030 
 S2H1 0.522 0.000037 0.367 0.000011 0.523 0.000029 
 S1H3 0.488 0.000026 0.216 0.000025 0.505 0.000029 
 S1H2 0.490 0.000014 0.245 0.000011 0.495 0.000016 
 S1H1 0.455 0.000005 0.331 0.000000 0.458 0.000003 

 

Luxembourg S3H3 0.336 -0.000045 0.365 -0.000528 0.409 -0.000424 
 S3H2 0.390 -0.000355 0.257 -0.000716 0.396 -0.000507 
 S3H1 0.308 -0.000659 0.126 -0.000748 0.306 -0.000615 
 S2H3 0.169 0.000057 0.248 0.000024 0.251 0.000027 
 S2H2 0.098 0.000209 0.127 0.000183 0.131 0.000187 
 S2H1 0.037 0.000020 0.089 -0.000001 0.084 -0.000002 
 S1H3 -0.005 -0.000001 -0.002 -0.000001 -0.004 -0.000001 
 S1H2 0.028 0.000007 0.014 0.000007 0.023 0.000007 
 S1H1 0.002 0.000002 -0.005 0.000002 0.007 0.000002 

 

Netherlands S3H3 0.433 0.000303 0.583 -0.000117 0.583 -0.000094 
 S3H2 0.562 -0.001130 0.582 -0.001860 0.622 -0.001630 
 S3H1 0.481 -0.000496 0.297 -0.000859 0.482 -0.000382 
 S2H3 0.395 0.000023 0.405 0.000004 0.434 0.000011 
 S2H2 0.445 0.000051 0.474 0.000023 0.500 0.000031 
 S2H1 0.352 0.000031 0.480 0.000001 0.478 0.000003 
 S1H3 0.336 0.000003 0.389 0.000002 0.398 0.000002 
 S1H2 0.343 0.000003 0.390 0.000001 0.401 0.000002 
 S1H1 0.184 0.000004 0.223 0.000002 0.223 0.000002 

 

Portugal S3H3 0.585 -0.000262 0.328 -0.000267 0.592 -0.000325 
 S3H2 0.797 -0.000199 0.365 -0.000057 0.797 -0.000245 
 S3H1 0.742 -0.001360 0.309 -0.001170 0.740 -0.001350 
 S2H3 0.270 0.000235 0.158 0.000233 0.272 0.000226 
 S2H2 0.415 0.000015 0.232 0.000014 0.419 0.000003 
 S2H1 0.119 0.000129 0.039 0.000153 0.115 0.000138 
 S1H3 0.069 0.000138 0.006 0.000148 0.073 0.000145 
 S1H2 0.129 0.000059 0.100 0.000057 0.137 0.000056 
 S1H1 0.074 0.000047 0.029 0.000048 0.069 0.000047 

 

Spain S3H3 0.520 0.001040 0.468 0.001270 0.541 0.001030 
 S3H2 0.833 -0.000860 0.566 -0.000181 0.832 -0.000859 
 S3H1 0.652 -0.000201 0.403 0.000285 0.654 -0.000193 
 S2H3 0.552 0.000133 0.404 0.000163 0.551 0.000132 
 S2H2 0.512 0.000100 0.339 0.000145 0.510 0.000100 
 S2H1 0.573 -0.000032 0.357 0.000016 0.574 -0.000032 
 S1H3 0.222 0.000027 0.192 0.000029 0.225 0.000027 
 S1H2 0.327 0.000022 0.231 0.000027 0.323 0.000022 
 S1H1 0.257 0.000051 0.140 0.000060 0.260 0.000051 

 

EMU S3H3 -- -- 0.765 -0.000317 -- -- 
 S3H2 -- -- 0.879 -0.001220 -- -- 
 S3H1 -- -- 0.872 0.000065 -- -- 
 S2H3 -- -- 0.572 0.000014 -- -- 
 S2H2 -- -- 0.627 0.000028 -- -- 
 S2H1 -- -- 0.658 0.000010 -- -- 
 S1H3 -- -- 0.306 0.000009 -- -- 
 S1H2 -- -- 0.385 0.000011 -- -- 
 S1H1 -- -- 0.190 0.000004 -- -- 
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Table 13: Regression results on the Fama and French three factor model (3FM), 1993-2009 
 
This table shows the monthly performance measures from regressing the nine sorted portfolios of the 12 countries considered and the EMU zone as a 
whole. For the EMU zone as a whole only the3FM (EMU) is stated, as the EMU zone has no ‘local’ factor except the EMU factor.  For each of the three 
models 3FM (local), CAPM (EMU) and 3FM (local and EMU) – see equations 8, 10 and 12 – the pricing error and the adjusted R2 is stated.  
Results in absolute numbers, based on monthly data (not annualized). 

  3FM (local) 3FM (EMU ) 3FM (local and EMU) 
  Adj. R2   Adj. R2   Adj. R2   
Austria S3H3 0.714 -0.000115 0.336 0.000582 0.713 -0.000200 
 S3H2 0.754 -0.000109 0.461 0.000756 0.763 0.000372 
 S3H1 0.866 -0.001580 0.537 -0.003520 0.871 -0.001870 
 S2H3 0.455 -0.000024 0.216 0.000134 0.457 0.000016 
 S2H2 0.514 -0.000341 0.521 -0.000241 0.613 -0.000375 
 S2H1 0.395 -0.000291 0.382 -0.000172 0.462 -0.000223 
 S1H3 0.173 -0.000009 0.227 0.000007 0.234 -0.000001 
 S1H2 0.333 -0.000104 0.431 -0.000078 0.473 -0.000089 
 S1H1 0.331 -0.000026 0.283 -0.000010 0.376 -0.000019 

 

Belgium S3H3 0.855 -0.000049 0.713 0.000205 0.859 -0.000047 
 S3H2 0.899 -0.001390 0.812 -0.001710 0.898 -0.001440 
 S3H1 0.902 0.000051 0.533 -0.000802 0.912 0.000129 
 S2H3 0.312 0.000012 0.328 0.000011 0.326 0.000015 
 S2H2 0.439 0.000012 0.448 0.000008 0.454 0.000008 
 S2H1 0.512 0.000008 0.534 0.000003 0.535 0.000002 
 S1H3 0.307 0.000000 0.326 0.000000 0.339 -0.000001 
 S1H2 0.495 0.000002 0.474 0.000003 0.524 0.000001 
 S1H1 0.437 0.000003 0.459 0.000002 0.473 0.000002 

 
Finland S3H3 0.844 -0.000307 0.424 0.000463 0.849 -0.000199 
 S3H2 0.747 -0.000447 0.569 0.000251 0.762 -0.000478 
 S3H1 0.996 -0.001830 0.400 -0.002170 0.996 -0.001910 
 S2H3* 0.721 0.000195 0.345 0.000210 0.728 0.000235 
 S2H2 0.682 0.000396 0.257 0.000371 0.697 0.000458 
 S2H1 0.540 0.000110 0.371 0.000099 0.617 0.000183 
 S1H3 0.449 0.000034 0.148 0.000036 0.480 0.000043 
 S1H2 0.336 0.000062 0.184 0.000057 0.392 0.000075 
 S1H1 0.402 0.000041 0.222 0.000039 0.462 0.000055 

 

France S3H3 0.943 -0.000287 0.874 -0.000028 0.946 -0.000275 
 S3H2 0.910 -0.000953 0.828 -0.001230 0.915 -0.001080 
 S3H1 0.978 -0.001480 0.795 -0.001360 0.979 -0.001330 
 S2H3 0.542 0.000011 0.692 0.000004 0.718 0.000053 
 S2H2 0.624 0.000008 0.709 -0.000006 0.727 0.000047 
 S2H1 0.574 0.000127 0.584 0.000072 0.620 0.000148 
 S1H3 0.332 -0.000004 0.560 -0.000001 0.616 0.000002 
 S1H2 0.374 0.000003 0.565 0.000004 0.601 0.000010 
 S1H1 0.303 0.000008 0.375 0.000007 0.392 0.000012 

 

Germany S3H3 0.900 -0.000164 0.655 0.000131 0.928 -0.000350 
 S3H2 0.836 -0.001260 0.883 -0.000829 0.886 -0.000916 
 S3H1 0.959 -0.000379 0.769 0.000076 0.968 -0.000534 
 S2H3 0.489 0.000032 0.575 0.000058 0.576 0.000059 
 S2H2 0.487 0.000038 0.545 0.000070 0.542 0.000068 
 S2H1 0.256 0.000023 0.292 0.000065 0.301 0.000059 
 S1H3 0.064 0.000011 0.111 0.000013 0.103 0.000013 
 S1H2 0.146 0.000010 0.200 0.000012 0.208 0.000013 
 S1H1 0.039 -0.000001 0.040 0.000001 0.039 0.000002 

 

Greece S3H3 0.876 0.000191 0.262 0.000819 0.877 0.000242 
 S3H2 0.859 -0.001960 0.424 -0.000675 0.867 -0.001980 
 S3H1 0.873 -0.000975 0.208 0.000273 0.881 -0.001010 
 S2H3 0.649 0.000114 0.380 0.000065 0.700 0.000093 
 S2H2 0.708 0.000085 0.281 0.000079 0.737 0.000143 
 S2H1 0.707 0.000325 0.251 0.000226 0.741 0.000328 
 S1H3 0.192 -0.000006 0.075 -0.000009 0.210 -0.000001 
 S1H2 0.383 -0.000018 0.169 -0.000031 0.416 -0.000016 
 S1H1 0.476 0.000169 0.053 0.000106 0.477 0.000166 

 

Ireland S3H3 0.869 -0.000870 0.433 -0.000930 0.867 -0.000837 
 S3H2 0.782 -0.001760 0.327 -0.000899 0.783 -0.001750 
 S3H1 0.697 0.000076 0.311 0.000338 0.695 0.000086 
 S2H3 0.345 0.000126 0.330 0.000153 0.388 0.000129 
 S2H2 0.380 0.000129 0.409 0.000132 0.444 0.000130 
 S2H1 0.387 0.000241 0.409 0.000217 0.450 0.000234 
 S1H3 0.248 0.000012 0.208 0.000013 0.255 0.000011 
 S1H2 0.111 0.000058 0.127 0.000057 0.143 0.000062 
 S1H1 0.111 0.000033 0.085 0.000029 0.110 0.000032 
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Table 12 continued 
 
  3FM (local) 3FM (EMU ) 3FM (local and EMU) 
  Adj. R2   Adj. R2   Adj. R2   
Italy S3H3 0.932 -0.000860 0.602 -0.000332 0.935 -0.000917 
 S3H2 0.871 -0.000613 0.570 -0.000488 0.872 -0.000476 
 S3H1 0.958 -0.001260 0.561 -0.001610 0.958 -0.001290 
 S2H3 0.718 0.000107 0.425 0.000111 0.728 0.000141 
 S2H2 0.750 0.000057 0.528 0.000055 0.764 0.000092 
 S2H1 0.538 0.000054 0.456 0.000049 0.571 0.000084 
 S1H3 0.562 0.000034 0.321 0.000030 0.582 0.000037 
 S1H2 0.557 0.000023 0.379 0.000024 0.589 0.000033 
 S1H1 0.513 0.000011 0.526 0.000010 0.613 0.000020 

 
Luxembourg S3H3 0.614 -0.001210 0.441 -0.000352 0.675 -0.001220 
 S3H2 0.590 -0.001010 0.265 -0.000591 0.622 -0.000995 
 S3H1 0.765 0.000261 0.117 -0.000705 0.764 0.000309 
 S2H3 0.284 0.000007 0.300 0.000037 0.350 0.000004 
 S2H2 0.183 0.000166 0.119 0.000189 0.180 0.000157 
 S2H1 0.049 0.000013 0.122 0.000009 0.119 0.000011 
 S1H3 -0.001 0.000000 0.007 0.000000 0.007 0.000000 
 S1H2 0.044 0.000007 0.019 0.000008 0.042 0.000008 
 S1H1 -0.006 0.000002 -0.008 0.000002 -0.004 0.000003 

 
Netherlands S3H3 0.829 0.000022 0.655 -0.000202 0.844 -0.000013 
 S3H2 0.887 -0.001650 0.743 -0.002190 0.893 -0.001620 
 S3H1 0.949 -0.000486 0.371 -0.001540 0.949 -0.000462 
 S2H3 0.577 0.000011 0.510 0.000007 0.593 0.000023 
 S2H2 0.687 0.000032 0.666 0.000022 0.729 0.000039 
 S2H1 0.560 0.000014 0.641 0.000005 0.642 0.000010 
 S1H3 0.510 0.000003 0.507 0.000002 0.539 0.000003 
 S1H2 0.556 0.000002 0.555 0.000002 0.598 0.000003 
 S1H1 0.309 0.000003 0.320 0.000003 0.329 0.000003 

 
Portugal S3H3 0.749 -0.000581 0.372 -0.000242 0.748 -0.000540 
 S3H2 0.848 -0.000857 0.425 -0.000427 0.849 -0.000966 
 S3H1 0.932 -0.001020 0.306 -0.001390 0.932 -0.001000 
 S2H3 0.428 0.000241 0.218 0.000278 0.464 0.000285 
 S2H2 0.466 -0.000025 0.273 0.000065 0.487 0.000029 
 S2H1 0.184 0.000007 0.039 0.000165 0.182 0.000034 
 S1H3 0.145 0.000169 -0.002 0.000138 0.137 0.000162 
 S1H2 0.210 0.000059 0.113 0.000057 0.221 0.000058 
 S1H1 0.118 0.000052 0.027 0.000053 0.117 0.000055 

 
Spain S3H3 0.913 -0.000079 0.642 0.001240 0.915 0.000005 
 S3H2 0.869 -0.001580 0.575 -0.000613 0.870 -0.001760 
 S3H1 0.855 -0.001050 0.406 0.000265 0.860 -0.000942 
 S2H3 0.610 0.000073 0.450 0.000175 0.614 0.000097 
 S2H2 0.534 0.000041 0.367 0.000181 0.555 0.000084 
 S2H1 0.585 -0.000078 0.371 0.000020 0.589 -0.000064 
 S1H3 0.230 0.000022 0.203 0.000032 0.237 0.000026 
 S1H2 0.346 0.000014 0.246 0.000033 0.362 0.000019 
 S1H1 0.259 0.000041 0.132 0.000059 0.281 0.000036 

 

EMU S3H3 -- -- 0.975 -0.000198 -- -- 
 S3H2 -- -- 0.972 -0.001330 -- -- 
 S3H1 -- -- 0.984 -0.000535 -- -- 
 S2H3 -- -- 0.780 0.000029 -- -- 
 S2H2 -- -- 0.806 0.000042 -- -- 
 S2H1 -- -- 0.795 0.000017 -- -- 
 S1H3 -- -- 0.400 0.000010 -- -- 
 S1H2 -- -- 0.461 0.000012 -- -- 
 S1H1 -- -- 0.194 0.000004 -- -- 
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Table 14: Comparing the average regression results on CAPM and 3FM of pre- and post-2001 
 
This table shows the average performance measures from regressing the nine sorted portfolios of the 12 countries considered and the EMU zone as a 
whole for two periods. For  this table the existing dataset is split in two, pre-2001 and post-2001 to see the differences in integration. 
For the EMU zone as a whole only the EMU factors are stated, as the EMU zone has no ‘local’ factor except the EMU factor.  For each of the three sorts of 
factors ‘Local’, ‘EMU’ and ‘Local and EMU’ – see equations 7 to 12 – the pricing error and the adjusted R2 is stated. Results are the averages of the nine 
portfolios,  in absolute numbers and based on monthly data. 
 
  CAPM (EMU) CAPM (Local and EMU) 3F (EMU) 3F (Local and EMU) 
  Av. adj. R2 Av.     Av. adj. R2 Av.     Av. adj. R2 Av.     Av. adj. R2 Av.     
Austria          
Pre-2001  0.136 -0.000011 0.201 0.000108 0.140 0.000024 0.430 -0.000325 
Post-2001  0.425 -0.000222 0.454 -0.000135 0.519 -0.000300 0.574 -0.000145 
          
Belgium          
Pre-2001  0.410 -0.000122 0.487 -0.000067 0.480 -0.000307 0.594 -0.000168 
Post-2001  0.442 -0.000134 0.454 -0.000182 0.531 -0.000247 0.566 -0.000122 
          
Finland          
Pre-2001  0.193 0.000574 0.290 0.000057 0.210 0.000252 0.692 -0.000152 
Post-2001  0.402 -0.000195 0.461 -0.000056 0.463 -0.000110 0.649 -0.000049 
          
France          
Pre-2001  0.397 0.000052 0.434 0.000024 0.480 -0.000171 0.572 -0.000346 
Post-2001  0.628 -0.000288 0.661 -0.000073 0.712 -0.000293 0.680 -0.000173 
          
Germany          
Pre-2001  0.402 0.000022 0.411 0.000011 0.485 -0.000267 0.532 -0.000233 
Post-2001  0.501 0.000097 0.511 0.000065 0.537 0.000077 0.529 -0.000120 
          
Greece          
Pre-2001  0.032 0.000442 0.469 -0.000192 0.069 -0.000286 0.643 -0.000263 
Post-2001  0.448 0.000279 0.656 0.000007 0.457 0.000198 0.649 -0.000089 
          
Ireland          
Pre-2001  0.142 0.000348 0.219 0.000350 0.149 0.000256 0.398 -0.000276 
Post-2001  0.369 -0.000267 0.484 0.000092 0.400 -0.000367 0.407 -0.000128 
          
Italy          
Pre-2001  0.192 -0.000124 0.639 -0.000165 0.314 -0.000559 0.704 -0.000356 
Post-2001  0.654 -0.000241 0.705 -0.000070 0.703 -0.000293 0.701 -0.000104 
          
Luxembourg          
Pre-2001  0.145 -0.000190 0.201 -0.000212 0.183 -0.000345 0.332 -0.000298 
Post-2001  0.146 -0.000160 0.188 -0.000073 0.174 -0.000138 0.349 -0.000073 
          
Netherlands          
Pre-2001  0.359 -0.000083 0.373 -0.000094 0.401 -0.000398 0.531 -0.000254 
Post-2001  0.529 -0.000318 0.606 0.000075 0.586 -0.000375 0.535 -0.000189 
          
Portugal          
Pre-2001  0.119 -0.000205 0.402 -0.000200 0.138 -0.000755 0.523 -0.000302 
Post-2001  0.257 0.000165 0.383 -0.000041 0.285 0.000104 0.535 -0.000071 
          
Spain          
Pre-2001  0.259 0.000056 0.508 -0.000082 0.303 -0.000419 0.576 -0.000377 
Post-2001  0.466 0.000356 0.519 0.000136 0.502 0.000303 0.598 -0.000180 
          
EMU          
Pre-2001  0.525 -0.000010 -- -- 0.652 -0.000274 -- -- 
Post-2001  0.694 -0.000112 -- -- 0.744 -0.000178 -- -- 
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