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Abstract

In this thesis the change in effect of internatlahaersification during the implementation of

EMU is investigated, by taking a Swedish perspectibhis is done by studying correlation
and Sharpe ratio development. The countries indudehis study comprise of both EMU

countries and a disperse group of other world marke can be concluded that a Swedish
investor has had a positive diversification effagthin the EMU countries, although an

increase in correlation and a slight decrease erame diversification effect during the

investigated period. The opposite, a slight averaggease in diversification effect, is

observed for the non-EMU countries.
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1. Introduction

1. Introduction

In this introduction chapter, the background of international diversification will be presented
to give an overall picture of the subject. Thisis followed by the problem discussion leading to
the purpose of this thesis. After this the delimitations of the thesis are presented followed by

earlier research and at last the outline of the thesis.

1.1 Background

International diversification is a method to reducsk in a portfolio by investing in non-
domestic assets (Grubel 1968). The intuition belmbernational diversification is that assets
from different countries are thought to have lowerrelation than assets from the same
country, hence investing in non-domestic asseth oiv correlation yields lower risk and

thereby creating a diversified portfolio (Levy aBdrnat 1970).

One prerequisite for international diversificatigncapital mobility. During the past 20 years,
deregulations in capital markets around the wodslehmade it easier to invest in foreign
markets and thereby increasing capital mobilityajsako 2002). One prominent example of
deregulation is the European Monetary Union (EMWhich aims towards a common
currency, central bank, and monetary policy betwEBenopean countries. EMU has been

implemented in three steps:

e 1990, 1 July. First step in EMU, free capital mobility.
e 1994, 1 January. Second step in EMU, economic conver gence.

e 1999, 1 January, Third and final step in EMU, common financial and monetary
policies.

Deregulations and increased capital mobility hdectééd international diversification both
positive and negative. The ability to freely accém®ign markets will in a positive way
increase the possibility to utilize the risk redactcoming from international diversification.
The negative effect comes from that markets becmime integrated and that the correlation

between them increases, thus reducing the diveaidn effect.
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1.2 Problem discussion

As globalization and deregulations of financial keds, due to for example EMU, makes it
easier to invest in international markets, it mégoancrease the correlation between these
markets since they become more integrated. Thetiadopf one and the same currency in the
EMU market may also increase the correlation witEiMU and lower the effect of
international diversification. Not only correlat®nwithin the EMU markets but also
correlations with other world markets might be efitel. The objective of this thesis is to
investigate how the effect of international diveesition has evolved from a Swedish

perspective during the implementation of EMU.

1.3 Purpose

The purpose of this thesis is to investigate, lyntaa Swedish perspective, how the effect of
international diversification has changed during ttmnplementation of EMU. This will be
done by studying correlation and Sharpe ratio dgrakent, to see how the gain from

diversifying internationally has change during ttiise period.

1.4 Delimitations

The countries used in this thesis in addition te&swn, are those which implemented the final
step in EMU in January 1999, and a representativepgof countries from the world market.
The countries that implemented the final step inlEM January 1999 are: Belgium, Finland,
France, Ireland, Italy, Netherlands, Portugal, Bp&ermany, Luxemburg and Austria.
Greece and Slovenia, which commenced with the fatap in EMU in 2001 and 2007
respectively, will be excluded due to their latevdlvement in EMU. To be able to compare
the effect of diversification within EMU, a Worldpgfolio will be constructed, including US,
Japan, Canada, Australia, New Zealand, Hong KodgNorway. These countries represents
a disperse selection of world markets where a Sshedvestor is able to diversify. The time
period for the MSCI equity indices used in thissilsas 1988 to 2006.

The methods used in this thesis are correlationpamtolio creation according to the mean-
variance criterion which results in Sharpe ratios domparison. Other ways to investigate
benefits from diversification used in earlier segliare cointegration, correlation forecasting
and CAPM. However these methods are not usedsrthesis.
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1.5 Earlier research

International diversification has been the subgga large amount of studies for many years.
The methods used in these studies are varying deyewn the structure of the study, but
measures such as correlation, Sharpe ratio, anttegoation are many times used. The
fundamental principle of portfolio theory, and thley international diversification, has its
foundations in Markowitz article “Portfolio seleati” from 1952, where it is concluded that
portfolio diversification earns higher returns giva certain risk. Later studies such as Grubel
(1968) and Levy and Sarnat (1970) have laid ther#teal foundation for international

diversification.

Grubel (1968) investigated the effect of internadilbdiversification for a US investor during

the period 1959 to 1966. He found that by invesimfpreign equity markets, a US investor
would have gained a better risk adjusted return thaonly investing in the US. Furthermore,
Levy and Sarnat (1970) investigated the correlabietween markets during the time period
1951 to 1967. They found that international diviezation where effective during this time

period since the correlation between the investyabuntries where less than one.

During recent years studies have been made, demgland investigating the effect of
international diversification. One example of arvastigating study is Goetzmann, Li,
Rouwenhorst (2002), where the correlation struche®veen major world equity markets
during the last 150 years where investigated. Btigly concluded that the correlation
structure between equity markets has changed duhagyears and can not be seen as
constant. Studies investigating the effect of titeoduction of the Euro have also been made.
In Kempa and Nelles (2001) the effect of internaaiodiversification before and after EMU
where examined. They conclude that the effect tdrivational diversification is positive

throughout the process of EMU.
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1.6 Outline

This thesis will be structured in the following wap chapter 2, the theoretical background
behind international diversification, correlatiopgrtfolio theory, and Sharpe ratio will be
presented. In chapter 3, the foundations of EMUpaesented to get an understanding of how
EMU has affected international diversification.dmapter 4, the data and the methods used in
this thesis will be presented. In chapter 5, thaulte will be presented with a following

discussion. In chapter 6, conclusions will be drdkem the results.



2. Theoretical background

2. Theoretical background

In this part economic theories used in this thesis are presented. First international
diversification is explained, this will be followed by the theory behind portfolio creation. Then

the theories behind Sharpe-ratio and correlation will be explained.

2.1 International Diversification

A general explanation of diversification is notpot all eggs in one basket, meaning that by
spreading the wealth between different assetsiskes reduced. The work of Makover and
Marschak (1938), Markowitz (1952) and Tobin (195B)es content to this rule by using the
first two moments of the probability function, meand variance. Using diversification, the
risk reduction in a portfolio is not decreased pmipnally, the marginal gain of adding one
extra asset to reduce risk in the portfolio is dasing, Solnik (1974). This means that adding
an extra asset to a portfolio of 100 assets daethice the risk as much as when adding an
extra asset to a portfolio consisting of 10 asdetportant to remember is that the entire risk
can never be completely reduced since the marietginot possible to diversify.

International diversification can be described aseatension to the diversification effect
investigated by Makover and Marschak (1938), Maiko\{d 952) and Tobin (1958). Instead
of only using domestic assets to reduce volatihitya portfolio, international diversification
reduces the volatility in a portfolio by adding rRdamestic assets to the domestic portfolio.

Investing in low correlated assets reduces thetilibfan the portfolio leading to a better risk-
adjusted portfolio return (Brandhorst 2002). Anotheeason for using international
diversification, than portfolio risk reduction, tise possibility of higher returns due to better
performing markets in other countries. Low retumslomestic markets make investors look
for new investments in other countries (Brandhd@802). Finding countries with high
returns, in comparison with the domestic markeghngive both an increased return and a
positive diversification effect. Bartram and Dufg001) discuss three benefits of
international diversification; participating in thgrowth of other countries, hedging
possibilities and diversification effects, and fghassibility of abnormal returns due to market

segmentation.
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Reduced economic barriers because of economic sititk@nEMU, NAFTA (North American
free trade agreement) and ECOWAS (Economic CommuohitVest African States) together
with decreased information costs as well as trawvel transportation costs has resulted in
more integrated markets (Bartram and Dufey 20019b& firms like IKEA and General
Electric have extended their operations aroundatbidd resulting in increased globalization
in the world markets. These factors has made tee&s transfer capital between country

boarders (lwaisako 2002), increasing the investrpessibilities.

2.1.1 Risk and costs of International Diversification

As mentioned in the section above, internationatdiification is primarily used to reduce the
risk in a portfolio. With international diversifitan certain risks and costs may also increase,
according to Bartram and Dufey (2001). Investmentsountries with different currencies
increase the exchange rate risk. Different taxaigstems and interest rates may increase
both costs and risks. Transaction costs are diffioot to be affected by, and the higher the
transaction cost the higher the cost of internaiaiversification. Transaction costs are often
viewed as the biggest and most important costtefmational diversification. These risks and
costs have to be evaluated when deciding in whiehnizies to invest, hence they have to be
compared with the benefit gain from internationaedsification. Because of these risks and
costs Bartram and Dufey (2001) show that it is nsaesible to invest in international mutual
funds that preferably are linked to a world capiterket index instead of private investing by

foreign brokers.

2.1.2 Reduced effect in volatile times

An interesting reflection coming from the study radxy Solnik, Boucrelle and Le Fur (1996)
is that international correlations fluctuates wydever time, high market volatility results in
high correlation. The correlation fluctuations seeatural since the market is cyclical. The
more surprising and problematic result is that whmearkets are volatile, the effect of
international diversification is reduced due toreasing correlations. This is the most
apparent shortfall and thereby most criticized aspéinternational diversification, since this
indicates that the benefits of international divfexation are reduced when it is needed the

most.
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2.1.3 Home Bias

A precondition for international diversificationtisat investors are willing to invest in foreign
markets. According to French and Poterba (1991)abibJapanese investors are reluctant to
hold more then a fraction of their wealth in foreigssets, despite the benefits of international
diversification. This problem is called home bismsjestors are reluctant to invest in foreign
assets despite the benefits. French and Poter84a)($8ow that home bias can be justified if
the investors have optimistic expectations abow tlomestic market and pessimistic
expectations about the foreign market. They shaw ithvestors are more afraid of unwanted
risk in foreign markets, since they are not famikeith these markets leading to home
investment bias. In Hasan and Simaan article “fonal explanation for home bias” (2000),
they show that the attractiveness of diversifyiag be outweighed by the cost of estimation
risk (it is difficult to estimate mean returns ioréign countries). They show that if the
investor's domestic market is large and diversifiethe gains from international
diversification might be outweighed by the negaiivpact of the estimations error, leading
to home bias. Investors in countries with less divied markets gain more from international
diversification since they have fewer possibiliieghe domestic market. These investors are

less averse of the estimation risk, leading to lesse bias in less diversified markets.

Haselmann and Herwartz (2005) investigate the eftdcthe Euro on the investment

behaviour of a German investor. They show that Gernmvestors has decreased their
national investments and increased the investrmenEMU countries and in the US, hence
reducing home bias. Higher investments in EMU coestcome from reduced exchange rate
risk due to the Euro. Increased investments in Wi are due to the higher integration
between EMU countries which increases the cormelateading to a more effective portfolio

risk reduction in the US market. They conclude tBMU decreased the investment home

bias for a German investor, due to decreased egehate risk.

The cause of home bias is hard to derive, someamasers show that it is caused by
institutional constraints and some show that @aissed by investor preferences. No matter the
cause of home bias, it still affects internatioghakrsification. A home biased investor are not

interested in international diversification.
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2.2 Correlation

Correlation describes how two random variablesoWleach other or the linear relationship
between them, but it does not describe the caydmitveen the two variables. Correlation or
the correlation coefficient between two variabkestated as a value between 1 and -1, where
a negative correlation means that the two variatvlege in opposite directions and when the
coefficient is positive the variables move togeti#ecorrelation of 1 means the two variables
follows each other perfectly, if one variable gagsthe other variable goes up as well, this
can be viewed on the left hand side of figure 1.t@nright hand side of figure 1 a perfect

negative correlation, correlation coefficient equeall, can be viewed.

o AR
AWAWERINAN
IVRVERIEEEN
A ARV AVAVATAVA!

Figure 1: Correlation between two assets

The mathematical notation for calculating the datren coefficient is stated in formula 1.

. oY) E(X - )Y =) o
UX O-Y O-X O-Y

Correlation is an important measure when invesémessearching for investments that will
reduce the volatility in the portfolio, since a lmerrelation between assets in a portfolio will

give a reduced volatility.

A method used to examine the market correlationr divee is rolling correlation. The
correlation between two variables is calculated docertain time window, this window is
gradually moved forward in time iterating the emttrme series. This way of using a time

window for the correlation gives a view of the deyenent of the correlation. One study
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using rolling correlation is Goetzmann, Li, Rouwerst (2002) where they use a backward
window to investigate how the correlation has depeltl between return series for different

markets.

2.2.1 Test for homogeneity among two correlation coefficients

To test if two correlation coefficients can be ddesed the same, the test of homogenous
correlations is used. This test is conducted bypgusihe z-transformation of two correlation
coefficients to conduct a hypothesis test, wheegdist statistic is calculated as in formula 2.

t = 4°5% @)

® 1 1
+
n-3 n,-3

Where zis the z-transformed correlation coefficient and the number of observations.

The test has the following hypothesis:
Ho= 0= p,
Hl =0 7 P>

A rejection of H indicates that there is no homogeneity among twveetation coefficients.

2.3 Mean-Variance theorem and the efficient frontier

In the article “Portfolio Selection” from 1952, HgMarkowitz laid the foundation to modern
portfolio theory. In this article and later work Kkawitz develops the idea behind ranking

portfolios and the effect of diversification.

By the use of the two first movements of a probihdlistribution, the mean and the variance,
a frontier of portfolios can be created. This fientconsists of portfolios with the lowest

variance for each given expected return. In acemeavith a risk avert investor, the investor
will always chose the asset with the lowest vareafor any given return. Thereby a risk avert
investor will always hold a portfolio on the froati Portfolios can thereby be ranked using
this framework, called Mean-Variance criterion. &ronly the first two movements, mean

and variance, has to be known to rank accordinpgoMean-Variance criterion it makes a

! For further information see Sokal and Rohlf, Bidrpe1981, Biometry, San Francisco, Freeman, p&ge 5
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very useful tool. The reasoning behind this is beeain practice, knowledge about all
movements in the probability distribution is ofteomt known. There are two additional
assumptions made when using the Mean-Variance franke the utility function of the
investor is assumed to be quadratic and the ashstisbution is normally distributed.
Quadratic utility implies that expected utility demls on the expected return and variance of

the asset.

The characteristic of the portfolio frontier is argbola where the variance is a function of the

expected return.
o? = f(gr,)) (3)

Elr

Figure 1: Portfolio Frontier and the minimum variance portfolio

Figure 1 shows the portfolio frontier, where théidsourve illustrates the efficient portfolios
and the dashed curve shows the inefficient poasoliThe portfolios on the dashed curve are
portfolios, in a set of portfolios, with the samariance, but these portfolios are dominated by
the portfolios on the solid curve in terms of expécreturn. Due to this, risk avert investors
will hold an efficient portfolio where the expecteeturn is greater than for the equivalent
inefficient portfolio given a specific variance. &lsonvex characteristic of the frontier makes
it possible to find one unique solution to a maxation of expected return to variance. The
solution to this problem is the minimum variancetfmio. This portfolio has the lowest
variance of all portfolios along the frontier. ligdre 1 the minimum variance portfolio is

10
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symbolized with mvp. The mvp portfolio divides tlontier into the efficient and the
inefficient halves of the portfolio. In additiom thave the lowest variance the covariance
between the mvp-portfolio and any other frontiertfmtio is equal to the variance of the mvp-

portfolio:
CoMr sl ) = 02, (4)

Other important properties of frontier portfolioseathat a convex combination of two
efficient portfolios yields a new efficient portio] and that for every frontier portfolio

(except mvp) there exists another frontier portfoliith zero covariance with that portfolio.
This portfolio is called the zero-covariance pditfoThe graphical illustration of the zero-
covariance portfolio can be viewed in figure 2 whére horizontal line, that intersects with

extension of the line between p and mvp on theig;axosses the frontier, marked zc(p).

E[r] A

Figure 2: Zero beta portfolio

If a risk free asset is introduced the option aftfpdios that a risk avert investor will hold will
change to a combination between risky efficienttfjpbos and the risk free asset with the
return of f. This creates the Capital Market Line (CML) illkeged in figure 3. Note that this

is depictured in the mean-standard deviation space.

11
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E[r] A

CML

v

Figure 3: Capital market line

Invertors will hold portfolios along the CML andu$ creating the new frontier. In the
scenario in figure 3 the risk free rate is below thvp portfolio, but there are three possible

scenarios.

re < E[rm,p] Where the risk free rate is below the expectearmedf the mvp.
re = E[rmvpj Where the risk free rate is equal to the expextadn of the mvp.

re > E[rm,pj Where the risk free rate is above the expectednetf the mvp.

In the case where the risk free rate is equal éoettpected return of the mvp, according the
mean variance criteria, the investor will only htie risk free asset as it's variance is smaller.
In the case where the risk free asset is abovexpected return of the mvp the CML will be

downward sloping and tangent the inefficient pdrthe parabola or hyperbola in the case

where the mean-standard deviation space is used.

By the use of the portfolio frontier and the calpitearket line the ranking of portfolios can be

made. The conclusion of what kind of portfolio akriavers investor will hold can also be

derived.

12
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2.4 Sharpe ratio

The Sharpe ratio, Sharpe (1966), is a measure eofexitess return in relationship to the
standard deviation of a portfolio. The standardrabf the measure, by dividing the excess
return by the standard deviation, makes it posdilbleompare Sharpe ratios from different
portfolios. When doing these comparisons it is i@uo know that the Sharpe ratio only takes
the first two moments of the probability distribariiinto account, hence comparisons building
on other moments are not valid. The mathematigaitesssion for the Sharpe ratio is presented

in formula 5.
E[r J—r
g, =2t (5)
g

p

The Sharpe ratio will yield a value indicating hewell the investor is compensated for the
amount of risk taken. A higher value indicates ghbr compensation compared to a lower
value.

The Sharpe ratio can be interpreted as a meast@ioéfficient an asset or portfolio is in the
Mean Variance framework. By maximizing the Shargigorin the Mean Variance framework
the market portfolio, or the portfolio with the higst Sharpe ratio, is derived. The Sharpe
ratio is equal to the slope of the Capital Marketel. CML, in the space standard deviation-
expected return. This is presented in figure 4. pdwfolio with the highest Sharpe ratio will
be the tangency portfolio of the efficient fronttbat intersects with the risk free rate on the y-

axis, called the market portfolio.

13
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E[r] A

CML

Market portfolic

Iy

v

Figure4: Market portfolio

The CML consists of linear combinations of the fisde asset and the market portfolio. CML
springs from the work of James Tobin, where hehim article “Liquidity Preferences as
Behavior Towards Risk” from 1958 develops the safpamn theorem. He argues that the
portfolio construction and the risk preferencesanfinvestor can be separated in two steps.
The first step is a mathematical construction oéHitient set that do not take risk preference
into account. The second step is to combine theiaft portfolio with the risk free asset

given the amount of risk tolerance.

In accordance with the Mean-Variance framework,3harpe ratio assumes the return to be
normally distributed and the investor to be rislergv One additional assumption is that the
investor only holds one risky portfolio and onerisee asset.

The Sharpe ratio can be used to quantify divegdifio gains by studying the change in the
Sharpe ratio when adding foreign assets to a maaance efficient frontier consisting of
domestic assets (Cao, 2005). Adding foreign ass#it€hange the structure of the frontier,
hence resulting in a new market portfolio. The efiéhce between the Sharpe ratio of the
domestic market portfolio and the Sharpe ratiohef foreign market portfolio will show the
diversification effectUsing the Sharpe ratios as a measure of the inienah diversification
effect is used in studies by Rowland and Tesar4 Malra, Stoichev and Sundaram (2004),
and Sallstrom (1999).

14
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3. The foundations EU and EMU

In this part the history and workings of EMU will be explained. First an historical primer on
EU and EMU will be made. After this the implementations and the consequences of EMU will
be shown, giving a better understanding of the effects for a Swvedish investor. At last the
Swedish involvement in EMU will be explained.?

3.1 European Union

The foundation of EU derives from the European Goal Steel Community (ECSC) signed
by Belgium, Luxemburg, Netherlands, Italy, Francel &Germany in 1952. ECSC where
established to increase the cooperation betweennttteded countries to prevent a new
European world-war by open up the trade of stedlaal. The general idea with ECSC was
that cooperating countries depended on each adhdrthis dependence would prevent them
from engage in hostile activities. The idea of @aging the integration between countries
developed during the years and new treaties whgned. Out of ECSC came EC (European
community) and in 1992 the European Union was éstedl when 12 countries signed the
Maastricht Treaty (The Maastricht Treaty where tiraplemented in 1993). EU is built on
three pillars, European community, Common Foreigd &ecurity Policy, and Police and
Judicial Co-operation in Criminal matters. EU wasablished to build an inner market
between EU-members with free mobility for commaatitiservices, capital and persons. The
last two countries included in EU are Bulgaria &wmania who joined in January 2007. In

2007 EU consists of 27 member countries.

3.2 European monetary union

The purpose of EMU (European monetary union) igetieer with the inner market, increase
employment and growth in the member countries. EWére implemented in three steps
where the countries involved in the third and fist#p adopts a common currency (Euro),
common economic policy and a common central bdnk2007 there are 13 members of the
final step in EMU; Belgium, Finland, France, Irafantaly, Netherlands, Portugal, Spain,
Germany, Luxemburg, Austria, Greece, and Slovehllacountries included in EU are also

2 http://www.eu-upplysningen.se/
http://www.sweden.gov.se/
http://www.eu-upplysningen.se/

These sources are used for the entire chapter.

15
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participating in EMU, but not all EU-members areatved in the final step.

3.3 The implementations of EMU, a three step process

EMU has been implemented in three steps beginnitigthe first step 1 of July 1990. At this
date, laws that counteracted with free capital mmmts between EU-member states where
revised or abolished increasing the possibility imfesting in EU-member states. The
economical politics in each member state wheredinated and members where encouraged
to discuss there economic politics with each otfiére national central banks in the EU
region increased there cooperation during this $iep.

The second step in the implementation of the EMartead in January 1994 when the
Maastricht Treaty where implemented. This step Ivea the start of the European Monetary
Institute (EMI), which together with the nationantral banks started to develop a common
monetary policy, and overlooked the Euro excharage system. In 1998 the EMI where
replaced by the European Central Bank (ECB). Dutirgsecond step, each member state
had to make their national central banks more iaddpnt, hence the national central banks
should not take instructions from the national goweent or from any EU institution. The
scrutiny of the national economic politics whereesgthened to ensure a healthy financial
status of each member state. In 1997 the Stalaifity Growth Pact where implemented to
ensure stability in the national fiscal policy. $hpact set the guidelines for the national
annual budget deficit not to exceed 3% of the malidNP, and the country national debt
where not allowed to exceed 60% of national BNP1988 the head chiefs of all member
states in EU decided that 11 countries did fulfilé requirements for membership in the
European Monetary Union. To be a member of EMU eachntry had to fulfil the

convergence criteria presented below:

* Inflationin a member stateis not allowed to be higher than 1.5% of the inflation in the

three member states with the lowest inflation.

* Thenational debt is not allowed to exceed 60% of national BNP and the budget deficit
is not allowed to exceed 3% of national BNP.

* The long-term interest rates are not allowed to be more than 2% higher than
corresponding interest rates in the three countries with the lowest inflation.

16
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* The exchange rate of the national currency should have been stabile for two years,
without devaluations or other serious problems, before entrance in the monetary

union.

The third step in the implementation of EMU startedlanuary 1999. The final step meant
that EU became a monetary union with a common nayea common central bank (ECB)
and a common monetary policy (NOTE: each EMU merstsge has their own fiscal policy).
The Euro where not immediately used as a meanyheat, first the 11 EMU member states
currencies where locked to the Euro with a fixedhemge rate for three years. The Euro
notes where implemented in 1 January 2002, th@maltinote where liquidated during a 2

month process.

Sweden, Denmark and Great Britain are the only tmsof the original 15 EU members
that are not included in the third and final stéEMU. Though Sweden in a public vote 2003
decided not to take part of the final step, theveogence criteria can include Sweden in the
final step when the exchange rate becomes stalillow Sweden applying for an entrance.
Denmark and Great Britain can not join the monetamon without an application due to
special arrangements. Greece and Slovenia joireedirtal step later then the original EMU
member states, Greece joined in 2001 and Slovarz®07. The 11 countries (Slovenia has
already joined the third step) that has joinedElkin the 21st century are expected to join
the final step in a 10 year horizon, of course dépeg on the possibility of these countries to

fulfil the convergence criteria.

3.4 Sweden and EMU

Sweden joined EU in 1995 together with Finland aagstria. In 2007 Sweden is only
participating in the first two steps in EMU, im@iting free capital mobility and economic
convergence. In 1997 the Swedish government deamédo participate in the final step
since the Swedish Krona where not stabile in cormparwith the other EU-currencies. A
stable currency is one of the convergence criferi&ntrance in the final step, and as long as
this criterion is not fulfiled Sweden can not moer to the final step. In a public vote in

2003, the Swedish public agreed with the decisicdh@government not to join the final step.
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3. The foundations EU and EMU

EU and EMU has opened up the boarders of Europedaedo the four so called freedoms;
free movement of persons, commodities, services aamital. These four freedoms have
improved the possibilities for a Swedish investoririvest in other EMU countries. Other
positive effects that arise from EMU might be reellidransaction costs and increased
information possibilities. The increased integnatioetween EMU members might lead to
higher correlation, reducing the effect of interoa&l diversification inside the EMU region
(Haselman and Herwartz, 2005). This might increts®e willingness to invest in other
markets like the US, where the correlation might lbeer. Kempa and Nelles (2001)
investigated how exchange rate risk affected imtgonal diversification within the EMU
area. They found that the gains from internatiodigkrsification where more substantial
when including exchange rate risk. They also fothal the elimination of foreign exchange

rate risk lower the cost of equity in the natiosi@ick market.

For a Swedish investor, EMU can viewed both positand negative, the investment
possibilities has increased, information and tramga costs has decreased, a more converged
market might also reduce home biasness. On thetinegade higher integration between

EMU markets increases the correlation among them.
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4. Data and Method

4. Data and Method

In this part the methods will be explained and how they where applied. First the data and time
period will be explained, followed by an explanation of how the correlation and the rolling
correlation where calculated. Next the portfolio creation will be explained, followed by how
the Sharpe ratio where calculated.

4.1 Data and time periods

In this thesis Morgan Stanley Capital Internatioequity indices (MSCI) are used for each
country, covering the period from 1988 to 2006 whépans the three step implementation of
EMU. All indices are denoted monthly which gives82@bservations for each country. The
indices are all denoted in US dollars. These irglare transformed into excess return indices
by subtracting the risk free rate, represented ISwadish government bond. These excess

returns are used in all calculations. All datadBected using the Eco-Win data base.

4.2 Correlation

Correlation describes the linear relationship betwewo variables. Correlation or the
correlation coefficient between two variables &statl in a value range between 1 and -1. To
study the correlation between the different excetgn indices, both a rolling correlation and

correlation for each year and selected time perawdsalculated.

The yearly correlations between each of the coesmtare calculated, resulting in 171
correlation coefficients for each year. The cotrefa coefficient between each pair of
countries for two successive years is tested uiagest for humongous correlation with a
significance level of 95%. The test is used foryaars and for all correlation coefficients.
The test is used to investigate if the correlatogfficient has been the constant between two
countries over a period of time. This test for hgemous correlations is also done for two

larger time periods, before and after the adoptiaihe Euro.

In the rolling correlation calculation a time wind@f 36 observations is used. The window is
gradually moved forward by one observation for eaalculation. This results in a series of
correlations spanning from 1991 to 2006 betweeh eaantry.
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4. Data and Method

4.3 Efficient frontier

Efficient frontiers are created by use of the exaesurns for Sweden and the EMU portfolio
countries for each year of the study, 1988 to 2606ntiers including Sweden and the World

portfolio countries are also generated.

To create these frontier the following maximizatmoeblem is used, Best and Grauer (1990).
1 ! !
r??x{tvv’,u—EWVW wWl=1w, 20} (6)

Where w is a vector of weightsy is a vector of returns from the different ass#tsis the

variance-covariance matrix from the assets, arsda measure of risk tolerance. A smaller
value of t implies higher risk aversion and a vatified implies no risk tolerance at all. In
addition, a short selling restriction is also inedkimplying that a weight for an asset can not

take on a negative valug; > . Bormula 6 can also be viewed as the risk toleraimges the

expected return of the portfolio minus half of tregiance of the portfolio.

The variance-covariance in formula 7 is calculabyd multiplying a matrix of standard

deviations with a correlation matrix and then by thatrix of standard deviations again.

g, o 0 1 o py|oy ° 0 O, ©° Oy
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The diagonal of the variance-covariance matrix ief the variances of the assets in the
portfolio. As shown in formula 9 the variance ofetlportfolio can be calculated by
multiplying the weight matrix with the variance-@nance matrix and then again multiplying
with the weights.

Hy, =W u Expected return of the portfolio (8)

0,2) =w'Vw Variance of the portfolio (9)
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4. Data and Method

The frontier is generated by varying the risk taterd. Only the positive values of t will be

examined since this will yield the efficient frositi

For each year, a set of calculations are madejngithe risk tolerance from 0 and upward
using the excess return series for that year. Suwacshort selling is allowed there will be a
point when increasing the risk tolerance will hageeffect on the portfolio composition. This
is when all weights are zero in all assets exoaptHfe most risky which is equal to one. The
mean and variance of the portfolio, with respect the weights received from the
maximization for each instance of risk tolerande|ds the efficient frontier. The shift in the
front is analyzed, but it is important from a disiication point of view to remember that not
only changes in correlation will affect the fromtleut also the mean and variance of the time
period.

To conduct the actual calculation and maximizati@senOffice.org 2.2 Calc and Microsoft

Excel 2003 are used. These are both spreadshdetatipps with similar functionality.

4.4 Sharpe

The Sharpe ratio, Sharpe (1966), measures theadplsted return on an investment. The
Sharpe ratio is in this thesis used to investigfageinternational diversification effect. This is
done by examining the gain in Sharpe ration in mgvirom a domestic portfolio to an
international diversified portfolio over a specifime period. Changes in Sharpe ratios can be
compared for different time periods to investigafe the gains from international
diversification have changed over time. The reasproehind using the change in Sharpe
ratio when moving from a domestic to an internaigportfolio when investigating how the
effect of international diversification has changeddue to the way the Sharpe ratio is
constructed. The Sharpe ratio is calculated udnegniean and standard deviation, hence a
period of high returns will yield a higher Shar@io compared with a period with lower
returns but the same standard deviation. The saree fgr the standard deviation but in the

opposite direction. Thus a comparison between ®hai might lead to biased results.

3 For further information see Best and Grauer, 19%@ Efficient set Mathematic When Mean-Variance
Problems are subject to Linear Constraints, JowhBtonomics and Business, 42, page 107.
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4. Data and Method

The portfolio used for the Sharpe ratio calculati®the market portfolio, the portfolio with
the maximum Sharpe ratio. This portfolio is consted by solving the following

maximization problem:

max{M Wi=1w 2 O} (10)
VW Vw '

Where w is the weight vectorV is the variance-covariance matrig,, is the expected

return vector, and; is the risk free rate.

The change in Sharpe ratio for a given time peris#, , is calculated as a percentage change

of the domesticS,, to the international Sharpe rati;, by the following formula:
pg, =T~ Ja (11)

Under certain circumstances a negative Sharpesrailbbe generated. This is due to a higher
risk free rate than the return of the asset orfolot this leads to a negative value in the
nominator. There is no consensus of how to intérgmegative Sharpe ratio, since a rational
investor never invests in such an asset. In thesishhowever ex post variables are used
enabling this problem. Since the improvement inrBdaatio moving from a domestic to an
international portfolio is investigated, a movem&oim a negative value to a less negative

value is interpreted as an improvement.

22



5. Result and analysis

5. Result and analysis

In this part the results and analysis are presented. First the descriptive statistics are
presented, after this the movement of the frontier is described. This is followed by the results

from the correlation and the Sharpe ratio analysis.

5.1 Descriptive statistics

Table 1 displays the descriptive statistics foheaicthe excess return series used in this thesis
during the time period 1988 to 2006 presented mogrgage form.

Table 1: Descriptive statistics

Mean Std dev Min M ax
Sweden 0,7120 7,2239 -25,4775 20,3081
EMU
Belgium 0,5763 5,0707 -20,8979 21,7181
Finland 0,4955 9,3262 -38,5461 28,3939
France 0,4930 5,4890 -17,2109 18,3473
Ireland 0,4305 5,6505 -20,4711 16,1316
Italy 0,2153 6,5324 -22,3161 18,8501
Netherlands 0,5264 4,8543 -19,9448 12,0635
Portugal 0,0049 6,3512 -21,8534 24,0837
Spain 0,4863 6,1710 -24,6901 19,0739
Germany 0,3760 6,3133 -28,2481 20,9823
Luxembourg 0,4763 5,4702 -29,3177 16,3262
Austria 0,4507 6,4575 -27,5433 21,6739
World
us -0,4250 6,5328 -22,6969 20,5695
Japan 0,3326 4,4271 -11,2680 13,1398
Australia 1,0143 5,2468 -16,1378 16,0775
Hong Kong 1,1062 7,5394 -34,0580 28,6885
New Zealand 0,6037 6,5114 -22,3580 24,4156
Canada 0,9170 5,0056 -24,5467 13,5637
Norway 1,0850 6,7312 -32,4908 15,5839




5. Result and analysis

Table 1 shows that the average excess returnbddeMU portfolio countries range between
0,0049 % (Portugal) and 0,5763% (Belgium), and that average excess returns for the
World portfolio countries range between -0,43 % YUshd 1,11 % (Hong Kong). An
interesting note is that Sweden shows higher ageexgess return than all EMU portfolio
countries, and is only outperformed by Australiapng Kong, Canada and Norway.
Comparing the EMU portfolio countries with the Wibportfolio countries, average standard
deviation show that the EMU countries have highemdard deviation than the world
countries on average. Finland, Sweden and Hong kbog the highest standard deviation,

where Finland also shows the highest maximum aadotliest minimum excess return.

5.2 The Efficient frontier

The efficient frontier for each year has been daled for both the EMU and the World
portfolio. When analyzing the change or shift ie frontier it is important to remember that
not only correlation affects the frontier but atbe mean and variance of the excess returns.
This part of the analysis is therefore used toagetearer view of the investment possibilities

during the period.

We can see a clear difference between the earlythtanthter frontiers of the EMU portfolio

during the examined time period. The frontier hasved up and to the left, indicating an
increase in excess return and a decrease in sthddaation. In addition to a movement up
and to the left, a slight decrease in the rangevdmt maximum and minimum for both

variance and mean is observed over time.

Efficient frontier EMU portfolio 1988 and 2006
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Diagram 4. Efficient frontier of the EMU portfolio.
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5. Result and analysis

The movement in the frontier presented in diagrars gpical for the entire examined time
period, where a gradual change can be seen, vathath frontiers in diagram 4 representing
the two extremes or end observations. There arepgwns to this frontier movement,
illustrated in diagram 5, where a negative excegsm due to bad market performance can be

seen on the lower part of the frontier.

Efficient frontier EMU portfolio 1991
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E[r]
-0,002 -
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0 0,01 0,02 0,03 0,04 0,05 ©

—— Efficient frontier 1991

Diagram 5: Efficient frontier of the EMU portfolio with negative excessreturn.

The World portfolio frontier shows smaller movengtitan the EMU portfolio frontier. As
can be viewed in diagram 6, only a slight incradasexcess return with respect to the variance
is shown during the time period 1988 to 2006.

Efficient Frontier World portfolio 1988 and 2006

0,035
0,03 ~

0,025
0,02 -
0,015

0,01 ~
0,005
0 \ \ \ \ \ \

0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 o

— Efficient frontier 1988 —— Efficient frontier 2006

Diagram 6: Efficient frontier of the World portfolio.
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5. Result and analysis

There are similar exceptions as with the EMU pdidfovhere the lower part of the frontier
exhibits negative excess return. The set of passiblestments in the World portfolio has
been rather stabile over the time period in conspariwith the EMU portfolio where the

maximum and the minimum mean and variance decreasadime.

5.3 Correlation

The correlation will be examined in three ways eAttif the correlation coefficient is constant
over time for each excess return series, consistiigy 1 tests each year. Correlation between
all series for two sub periods, the first and seécdralf of the period divided by the
introduction of the Euro, is also examined. Finatiylling correlation is calculated between

each pair of excess return series.

By using the test of homogenous correlations eaeln, 4 could not be rejected in 9.52 % of

the tests, implying a homogenous correlation coleffit between two years. This means that
90.48 % of the correlations coefficients are codetlito change each year with a significance
level of 95%. The change in correlations is in lBeetzmann, Li, Rouwenhorst (2002), they
show that the correlation between markets shiftssicierably through time. Since there is

change in correlation between the series, thisaffiéct diversification.

By examining the correlation matrix in appendixtican be concluded, using the test for
homogenous correlations, that only 4.1% of the adation coefficients have remained
constant over the two time periods. The time periace chosen to highlight the final step in
the implementation of EMU. We can observe a genem@kase in correlation but not only
among the EMU portfolio countries but also among tountries comprising the World
portfolio. The average increase in correlation leewvthe EMU portfolio countries are 0.135
and 0.139 for the World portfolio. We can not came that the increase in correlation only
derives from the implementations of EMU, especiaihce the correlation between the World

portfolio countries show almost the same increase.

5.3.1 Rolling correlation

A rolling correlation is constructed between allcegs return series, resulting in 171
correlation series. The results are presented rieetkliagrams, these represent the general

development of the correlation during this timeiqer
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Rolling correlation between 1991 and 2006
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Diagram 1: Rolling correlation between Sweden and Italy, Sweden and Ger many.
Sweden and France

Diagram 2 shows the rolling correlation between &weand Italy, Sweden and Germany,
Sweden and France. The correlation is high in 1®%d in the end of 2006, with a decrease
during the period of 1993 to 1997. The trend irstheolling correlations can be observed in
all of the correlations between Sweden and the Ebdiifolio countries, although not as
striking as shown in diagram 2. There are two etoap, in the case of Finland and Spain,
where the correlation is more stabile over timagnag from 0.6 to 0.8, showing only small
fluctuations and no apparent dips or increases.caise of the decrease in diagram 1 is hard
to tie to a certain event, but the increase dutiegyears of 1997 and 1998 might be due to
the two major crises that affected the world magkkiring this period, the Asia crisis in 1997
and the crisis in Russia in 1998. This reasonirguported by Solnik, Boucrelle and Le Fur
(1996) where they show that correlation increased turbulent periods. Another possible
explanation for the increase is that Sweden joiedEU and EMU in 1995. The effects of
integration due to EU and EMU could probably haw han increasing effect on the

correlations between the member states.
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Rolling correlation between 1991 and 2006
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Diagram 2: Rolling correlation between France and Ger many

Diagram 2 shows the development of the correldiietween France and Germany from 1991
to the end of 2006. The correlation is high antittaup until 1994 where a decrease occurs
until 1997 when the correlation increases reachi®9gin 2006. Diagram 2 illustrates similar
trends as the correlation in diagram 1. This tresnalso observed between other members of
the EMU but with lower correlation than this exteenThe effect of the adoption of the Euro
in 1999 can according to us be observed in thisetadron development since the correlation
start increasing in 1998 and increases to almast2D04 and 2005. One of the implications
of this high correlation, that Germany and Frandeil@ts, is that they are never used in the
same optimal Sharpe portfolio. Another explanation this increase might be the crises

described in the section above.
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Rolling correlation between 1991 and 2006

i

o

-

©
OO0 O0O0O000O0
OFRNWATIONO O
|

%
966T ‘\L

L66T |

1661

866T -
666T -
000¢
TO0C A
200¢ A
€00¢ A
700¢
S00¢ A
900¢ A

‘ ——US - Japan

Diagram 3: Rolling correlation between US and Japan

Diagram 3 shows the development of the correlabetmveen US and Japan from 1991 to the
end of 2006. This result is typical for rolling celations involving Japan, where all countries
but Australia, New Zealand, and Hong Kong show tbwg correlation pattern and modest

fluctuations with Japan. Some of this might be axm@d by the result from S6hkne, Bartram

and Dufey (2001), where they state that countied are geographically close tend show
higher correlation, but the crisis in Asia durir@P¥ is a more reasonable explanation.

A general conclusion from all rolling correlatiorssthat a trend can be seen in almost all
correlations between EMU portfolio countries, whigiely high correlation in the beginning

of the period is followed by a short dip and a gteerease. The World portfolio countries do
not show the same clear cut trends as the EMU gdarttountries, rather more modest
magnitude and volatility in correlation. The coatgbn development between the EMU
portfolio countries and the World portfolio couesi are, apart from US, Canada, and
Norway, showing low correlation in relation to tlerrelation seen between the EMU
portfolio countries. The correlation between USn&#a, Norway and the EMU portfolio

countries shows a more similar, but not at alllear¢ pattern as between the EMU portfolio

countries.
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5.4 Sharpe ratio

By measuring the change in Sharpe ratio of the etgpkrtfolio, moving from a Swedish
domestic portfolio to an internationally diversdigortfolio, the effectiveness of international
diversification is examined. The result from thi®ws that international diversification has
proven to yield a better result than only investinghe domestic portfolio. This however is
expected since adding assets to a portfolio caninntease the maximum Sharpe ratio. More
interesting is how the gain from investing interoaally has changed over the time period.
This is done by examining the percentage increasieel Sharpe ratio moving from a Swedish
market portfolio to the EMU and World market politho

We find that during the period 1988 to 2006 thengewm investing in the EMU portfolio, in
contrast of only investing in the domestic portbplhas been volatile. Increase in Sharpe ratio
is ranging from 0% to 692% with an average incredsk/’3%. This can be viewed in table 2.
Three extreme observations occur where the incrisaseer 300%. This is a result of very
low Sharpe ratios in Sweden during that specifieetiperiod. If these extreme observations
are excluded the average increase is approxima@d9o. The development of the gain in
Sharpe ratio from diversifying in the EMU portfolstnows no trend, there is however a slight
decrease over time of the average percentage saséhthe first and the second half of the
sample are compared. The result is the same botthand without the extreme observations.
The gains of diversifying in the EMU portfolio ahegh throughout the implementation of
EMU with exception of 1999 where the increase @selto zero because the Swedish market

performed as good as the EMU portfolio.
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5. Result and analysis

Table 2: Increasein Sharpe ratio moving from domestic to EMU portfolio.

Year Increasein Sharperatio Percent increasein Sharperatio
1988 0,1735 32%
1989 0,3225 119%
1990 0,2631 87%
1991 0,0864 202%
1992 0,1284 40%
1993 1,0650 403%
1994 0,2076 171%
1995 0,2589 76%
1996 0,8062 145%
1997 0,5397 522%
1998 0,7172 692%
1999 0,0004 0%
2000 0,2013 75%
2001 0,1595 69%
2002 0,4869 156%
2003 0,5179 77%
2004 0,6609 113%
2005 0,4704 273%
2006 0,7411 112%

The increase in Sharpe ratio from diversifyinghe World portfolio shows similar results as
for the EMU portfolio, with an increase rangingrfrat9% to 673% and an average increase
of 149% excluding observations above 300%. A comparbetween the earlier and the later
half shows however a slightly higher increase dythre later period in opposite of the EMU
portfolio.
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Table 3: Increasein Sharperatio moving from domestic to World portfolio.

Year Increasein Sharperatio Percent increasein Sharperatio
1988 0,330 61%
1989 0,314 116%
1990 0,602 200%
1991 0,292 584%
1992 0,673 207%
1993 0,686 260%
1994 0,244 201%
1995 1,149 338%
1996 0,597 108%
1997 0,451 435%
1998 0,200 193%
1999 0,769 99%
2000 0,262 98%
2001 0,346 151%
2002 0,682 219%
2003 1,150 436%
2004 0,568 97%
2005 1,160 673%
2006 0,323 49%

As a measure of how the diversification effect Haseloped during the implementation of
EMU, the increase in Sharpe ratio shows no sigmiti¢rend tendencies over this time period,
however the gain in Sharpe ratio has been quitati®Ifor both the EMU and the World
portfolio. None of the portfolios shows a clear doamce over the other in increase of Sharpe
ratios. This suggests that, during the period 19882006, the effect of international
diversification for a Swedish investor among the EMortfolio countries and the World
portfolio countries has not been drastically afbectby the convergence of financial

regulations, markets, and currencies within EMU.
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6. Conclusion

This part includes the final conclusion drawn from the results. This s followed by suggestions
about future extended studies.

6.1 Conclusion

The purpose of this thesis was to investigate aking a Swedish perspective, how the effect
of international diversification changed during thaplementation of EMU. This was
examined by studying correlation between excessrrendices and the change in Sharpe
ratio when moving from a domestic market portfaboan international market portfolio. The
implementation of EMU might have led to changescanrelation between both member
countries and the rest of the world.

By examining the correlation between both the EMaitfplio countries and the World
portfolio countries we can conclude that correlagi@re not constant over time. We can see
different patterns of correlation movements betw#en EMU portfolio countries and the
World portfolio countries. EMU portfolio countriesgem to exhibit higher correlations among
them selves compared to the World portfolio co@striOne such example is the correlation
between France and Germany where the correlatiorostl reached unity during 2004.
Although we can not be completely sure that EMU hasn responsible for the average
increase in correlation among the EMU member cas)tiwe can see a clear increase in
correlation running up to the third and final steppEMU. This kind of behaviour is not
observed for the World market countries. Therebgupports our theory that EMU has

increased the correlation among its members.

The effect of investing internationally instead ddgmestically has been measured with the
change in Sharpe ratio. We can observe very velatianges in the gain from international
diversification, ranging from 0% to over 600%. Thislatile behaviour is observed for both
the EMU and the World portfolio. When calculatinfgetgain from the diversification the
portfolio with the maximum Sharpe ratio is used.cén be noted that the EMU market
portfolios often consist of only two or three assehere Austria and Luxembourg are most
frequent, which results in frontiers with smallange. In contrast to this the World market
portfolios are often constructed using all but onall but two of the seven available assets,
the frequency of usage are more disperse and nthre @fssets are used more than the others.
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6. Conclusion

We can observe a slight decrease in average gamgdhe second half of the examined time
period for the EMU portfolio, suggesting that theedsification effect for a Swedish investor
has decreased in the EMU markets. The oppositebeanbserved for the World portfolio,

indicating an average increase of the diversiftcagffect.

Combining the results in this thesis, we conclut & Swedish investor has had a positive
diversification effect within the EMU countries,tl@dugh we can observe an increase in
correlation and a slight decrease in average dfieason effect during this period. The
opposite can be concluded for the World portfolle can not conclude that the increase in
correlation between EMU countries can be derivechfthe implementation of EMU, but we

consider it very likely.

6.2 Extending research

An interesting alternative not examined in this sikeis the possibility for industry

diversification. Instead of diversifying betweenuatries an investor diversifies between
industries. A study handling this is Eiling, Gerad de Roon (2005) where they investigate
the importance of country and industry factors @®igninants of international equity returns.
Forecasting the gains from diversifying within tB&U countries could also be done in
further research by creating models that incorgarabrrelation. The scope of international
diversification is wide and changes in world ecoresnduring recent years make the

possibilities of extensions to this thesis immepnsaige.
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Appendix

Appendix
Appendix 1: Correlation matrix 1988-1998 and 1999-2006
New

Sweden Belgium Finland France Irland Italy Netherlands Portugal Spain Germany Luxembourg Austria US Japan Australia Hong Kong Zealand Canada Norway
Sweden 0,44 0,60 051 0,58 048 0,63 0,51 0,71 0,56 0,40 0,38 0,50 0,50 0,48 0,36 0,52 0,46 0,59
Belgium 0,52 0,33 0,71 053 043 0,70 0,42 0,52 0,69 0,28 037 049 042 0,23 0,25 0,15 0,38 0,43
Finland 0,66 0,24 0,32 050 045 0,48 0,34 0,53 0,42 0,31 037 043 0,35 0,42 0,34 0,41 0,45 0,52
France 0,86 0,75 0,63 0,48 0,47 0,72 0,42 0,59 0,76 0,21 049 050 0,39 0,36 0,33 0,24 0,42 0,47
Irland 0,56 0,64 0,33 0,64 0,39 0,64 0,52 0,60 0,53 0,36 0,43 052 0,50 0,39 0,33 0,36 0,44 0,52
Italy 0,72 0,67 0,48 0,83 0,54 0,46 0,40 0,56 0,53 0,26 0,39 0,34 0,36 0,22 0,20 0,27 0,40 0,39
Netherlands 0,74 0,81 0,47 0,89 0,70 0,79 0,57 0,61 0,76 0,24 055 059 0,48 0,44 0,40 0,44 0,57 0,57
Portugal 0,65 0,63 0,41 0,71 0,53 0,69 0,64 0,63 0,42 0,31 0,47 0,33 0,36 0,25 0,30 0,45 0,31 0,40
Spain 0,76 0,67 0,43 0,83 0,68 0,76 0,78 0,72 0,56 0,34 0,43 053 0,52 0,46 0,40 0,50 0,48 0,54
Germany 0,86 0,73 0,54 0,93 0,70 0,80 0,87 0,68 0,83 0,25 0,67 044 0,33 0,33 0,31 0,26 0,41 0,47
Luxembourg 0,65 0,37 0,42 0,62 040 0,55 0,59 0,41 0,61 0,67 024 025 0,13 0,32 0,23 0,25 0,29 0,32
Austria 0,36 0,68 0,08 050 0,55 0,52 0,59 0,40 0,51 0,52 0,34 0,21 0,23 0,26 0,30 0,30 0,32 0,47
us 0,77 0,55 0,61 0,78 0,62 0,56 0,74 0,45 0,70 0,79 0,59 0,38 0,31 0,43 0,46 0,32 0,73 0,46
Japan 0,41 0,24 0,36 041 0,39 0,33 0,43 0,23 0,34 0,36 0,44 0,36 0,49 0,34 0,30 0,35 0,32 0,32
Australia 0,64 0,51 0,45 0,64 0,60 0,55 0,63 0,43 0,62 0,63 0,53 0,50 0,64 0,55 0,43 0,66 0,54 0,44
Hong Kong 0,60 0,42 0,39 056 0,46 0,48 0,57 0,32 0,55 0,58 0,63 045 0,61 0,46 0,60 0,34 0,56 0,35
;J:;\Iland 0,45 0,44 0,32 0,47 048 041 0,48 0,31 0,45 0,47 0,42 0,57 047 0,37 0,72 0,50 0,44 0,44
Canada 0,72 0,45 0,56 0,73 0,45 0,59 0,62 0,47 0,61 0,68 0,63 0,41 0,78 0,57 0,72 0,62 0,50 0,53
Norway 0,65 0,69 0,44 0,78 0,61 0,66 0,74 0,56 0,64 0,74 0,54 0,57 0,65 0,47 0,71 0,54 0,48 0,68

The values above the diagonal are correlationshiitime period 1988 to 1998 and the values bel@wdiagonal are correlations for the time
period 1999 to 2006.



