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Abstract 

The aim of this paper is to research home bias in portfolio allocation and determine the 

optimal allocation for an Icelandic investor between domestic and foreign assets using a 

Sharpe ratio maximisation model. The analysis will be repeated from a British and Polish 

perspective, and the three sets of results compared. 

Recent abolishment of capital controls on the Icelandic króna has sparked interest in 

international investment by Icelandic investors, who have historically held an 

overwhelming majority of their portfolios in domestic assets and thus been affected by 

home bias. From a theoretical risk management perspective, international diversification 

is essential to protecting portfolio value against adverse conditions in the domestic 

economy, but the extent to which to diversify internationally is an important question 

which this paper seeks to answer. 

Home bias is not restricted to Icelandic investors, investors all over the world suffer 

from it. As the world gets more open and interconnected, the justification for home bias 

becomes weaker and weaker. By comparing home bias and optimal asset allocation for 

Icelandic, British and Polish investors, this paper concludes that there are many 

similarities between the three countries, and the main conclusion is the same in every 

case – investors typically under diversify their portfolios and could unlock significant gains 

by further investment in foreign assets. 
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1  Introduction 

An anecdote often recited in financial portfolio analysis is the story about the farmer who 

put all his eggs in one basket. While carrying the basket to the market to sell, he tripped 

and dropped the basket, broke all his eggs, and in the process lost an entire week’s 

income. This story, like most anecdotes, is not supposed to be taken literally, but it does 

a decent job of covering one of the basic principles of investment theory, namely that it 

is important to properly diversify your assets and avoid being too reliant on any one type 

of investment. Most investors follow this advice and aim to reduce their risk without 

harming returns by dividing their funds into different asset classes with different risk 

profiles – bonds, bills, equity, real estate, to name a few – and into different industries. 

International diversification is one kind of diversification that is often overlooked, as 

investors tend to overweight their portfolio within their own country which leaves them 

vulnerable to domestic market risk. This is called home bias and can significantly impact 

a portfolio’s performance.  

Icelandic investors tend to suffer from this bias, which is understandable because of 

how closed the economy has been throughout the decades, but with the recent 

relaxation of capital controls, more and more people are becoming aware of the 

possibilities that international diversification can unleash. The aim of this paper is to 

figure out the optimal allocation between domestic and global assets for an Icelandic 

investor.  

The first part of this paper will quickly summarise the economic history of Iceland’s 

currency, the Icelandic króna. In the century since the country’s independence from 

Denmark and the separation from the Danish krone, the króna has lost over 99.94% of its 

value against the krone. Its story is mainly characterised by restrictions, capital controls 

and volatility, with only a few years in the 1920s and early to mid-2000’s in which it has 

been allowed to float free on currency exchange markets. A lot of the volatility in the 

nominal exchange rate can be explained by the comparatively high inflation. The most 

recent capital controls have only recently been lifted, and it will be interesting to see 

whether this newfound freedom is destined to last. 
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After this, section three will look at the theoretical case for portfolio diversification. 

When investing, it is a generally accepted rule that the best way to achieve a portfolio 

with good prospective returns compared to risk is to diversify into various assets with low 

correlation, with the goal of reducing the total portfolio risk as far as possible down to its 

theoretical lower bound of market risk. Extending this rhetoric by introducing the 

potential for international investment and thus reducing the level of market risk, the 

paper will investigate the benefits of international diversification and how it has worked 

to boost historical returns in the past. The correlation between international equity 

markets will then be explored, and a discussion on whether international diversification 

actually works in practice when it is most needed follows. Section 3 will end with a short 

discussion on nominal and real exchange rates and how foreign currency exchange rate 

risk can affect returns, both in nominal and real terms.  

Home bias will be the topic of the fourth section of the paper, delving into the main 

reasons for equity home bias and looking at the extent of it over time for several 

countries. When investors fail to adequately diversify globally and overweight domestic 

assets in their portfolio, they are said to suffer from home bias. As the world has gotten 

more isolationist and open in different periods over the decades, home bias among 

investors has increased and decreased, respectively. In today’s open, globally integrated 

world where innovations in technology, communications and financial instruments have 

made cross-border investment both easier and less risky, the case for global 

diversification and reduction of home bias has never been stronger. The historical asset 

allocation of the Icelandic pension funds will be used to estimate home bias among 

Icelandic investors, which is considerable.  

The main chapter of this paper will be section five, where the aim will be to figure out 

the optimal asset allocation between domestic and foreign assets for an Icelandic, British 

and Polish investor. These countries are used for comparison because they are in many 

ways similar to Iceland, European countries outside the Eurozone but inside the common 

European markets (during the data period, at least). The analysis uses broad market 

indices for domestic and global bonds and equity, to estimate national markets’ returns 

as well as the risk and correlation structure between different markets. The optimal 
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portfolio will be determined by adjusting the weights of each asset class to maximise the 

Sharpe ratio of the portfolio.  

The main conclusion is similar for all three countries – when foreign currency risk is 

not hedged, the optimal allocation to foreign assets is 51% in Iceland, 45% in the United 

Kingdom and 20% in Poland. As the investor starts hedging foreign currency risk, the 

optimal allocation towards foreign assets increases, and reaches a maximum of 73% for 

Iceland (when 70% of currency risk is hedged), 60% for the United Kingdom (when 50% 

of currency risk is hedged) and 63% for Poland (when 70% of currency risk is hedged). 

Sharpe ratio is maximised for an Icelandic investor when 60% of the currency risk is 

hedged, with a portfolio of 72% foreign assets, for a British investor when 40% of the 

currency risk is hedged, with a portfolio of 59% foreign assets, and for a Polish investor 

when 60% of currency risk is hedged, with 58% of the portfolio being put towards foreign 

assets.  

In aggregate, the main result of the paper is that international diversification is 

beneficial, and especially so when foreign currency risk is hedged to a rather large extent.  

A book by Elroy Dimson, Paul Marsh and Mike Staunton at London Business School, 

called Triumph of the Optimists will be frequently referenced throughout this paper. In 

this book from 2001, the authors aim to research asset returns in the very long term, 

compiling historical data for the returns on bonds, equity, bills and currency in 16 

different countries (Australia, Belgium, Canada, Denmark, France, Germany, Ireland, Italy, 

Japan, The Netherlands, South Africa, Spain, Sweden, Switzerland, the United Kingdom 

and the United States) over the entire 20th century, from 1900 to 2000. Using this data, 

they analyse how different markets have performed long term, both in nominal and real 

terms. This includes an analysis of how structural changes in the global economy have 

affected financial returns, how risk premia for different types of risk have evolved over 

time and what effects diversification, both between domestic assets and between 

domestic and international assets have had on risk and returns. As with all such analyses, 

it is ex-post, so looks at returns that have already occurred, but what it has over other 

such analyses is the extremely long time horizon in question, giving the results an 

increased legitimacy to predict for a long-term future. 
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2 A short history of the Icelandic króna 

Iceland is a tiny country. Out of the 193 sovereign states of the world, it is the 106th largest 

by area and the 172nd largest by population. Despite its small size, it certainly punches 

above its weight when it comes to economic output. In absolute US Dollar terms, it has 

the 99th highest gross domestic product – in Purchasing Power Parity (PPP) terms it ranks 

148th. Of course, it makes more sense to compare economic output on a per capita basis. 

Quite astonishingly, Iceland is the world’s bronze medallist when it comes to GDP per 

capita in dollar terms, but because of the economy’s high price levels it ranks 16th when 

measured in PPP terms. All this is according to 2018 estimates from the International 

Monetary Fund’s World Economic Outlook database. 

Iceland is a country that takes its independence seriously, and its people think very 

highly of their aptitude for governing themselves. And why shouldn’t they? It has only 

been 100 years since the country became independent from Denmark, on 1st December 

1918, and in this century, it has gone from being one of Europe’s poorest countries to 

one of the world’s richest. It is no wonder this country has opted to use its own currency, 

one of the smallest countries in the world to do so. Cross-border investment usually 

entails some degree of currency exchange risk, but this risk is of particular concern to 

Icelandic investors, because it is enhanced when dealing with a small, and, as it turns out, 

quite volatile currency. 

2.1 Capital controls – first edition 
The story of the Icelandic króna began in 1885, when Iceland started issuing its own 

banknotes. This króna was pegged one-to-one to the Danish krone which was part of the 

Scandinavian monetary union at the time. Four years after the country’s independence 

from Denmark, this peg was abolished in June 1922 and the króna was allowed to float 

as a separate currency for the first time. The currency and the economy as a whole were 

not particularly free nor open, imports were restricted so the currency wouldn’t devalue 

too much, and in 1925 the króna was pegged to the British Pound Sterling (Iceland 

Chamber of Commerce, 2011). 
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In 1931, the GBP peg was abandoned, and formal capital controls were established for 

the first time. This was a troubled time in the global economy. It had just been a couple 

of years since Black Tuesday, which sparked the start of the Great Depression in the 

United States, and countries whose currencies had been on the gold standard abandoned 

it one after another, the United Kingdom included. These capital controls, along with 

severe restrictions on imported goods and services, were used as a solution to a shortage 

of foreign currency in the Icelandic economy (Iceland Chamber of Commerce, 2011). 

It wasn’t until 1995 that capital controls were finally abolished. It wasn’t done with the 

initiative of the Icelandic government, it was a necessary prerequisite to becoming part 

of the European Economic Area, EEA, which is based on the four freedoms of movement: 

Goods, services, labour and capital. Until March 2001, the króna was traded on currency 

markets but the exchange rate was kept within a currency band by the Central Bank of 

Iceland. When the Central Bank started using an inflation rate target instead of an 

exchange rate target, the króna was finally allowed to float free and have its value 

decided upon on the free market (Iceland Chamber of Commerce, 2011). 

2.2 Capital controls – second edition 
The free-floating Icelandic króna wasn’t meant to last, however. The first decade of the 

21st century was a period of virtually unprecedented freedom, growth and prosperity 

across the western world, but few places seemed to be as successful as Iceland. The fine 

details of everything that happened will not be elaborated upon here, but in 2007 and 

2008, the Global Financial Crisis hit western economies hard, and Iceland was one of its 

major casualties. The collapse of the three main Icelandic banks in the autumn of 2008 

devastated the Icelandic economy to the extent that it was deemed necessary to impose 

capital controls on the króna yet again, to avoid exacerbating the crash by allowing the 

currency to come crashing down with it. This was a complete breach of the EEA 

agreement, but in light of the extraordinary circumstances it was allowed to slide 

(Jónsson et al., 2018). 

The capital controls have been abolished step by step in the past decade, and in March 

2017 they were fully abolished for domestic individuals, companies and pension funds. In 

2016, restrictions on the inflow of capital were established: To help prevent short-term 

currency speculation with the króna, foreign investors who wanted to invest in Icelandic 
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bonds using foreign currency had to put 40% of their investment into an interest-free 

account for one year (Jónsson et al., 2018). This ratio was lowered to 20% in November 

2018, and all the way down to zero in March 2019 (Halldórsson, 2019). 

2.3 Historical behaviour of the Icelandic króna 
From the point of view of an Icelandic investor, the return on foreign assets can be split 

into two components, the return on the asset in the foreign currency, and the return that 

results from the currency exchange movements between the Icelandic króna and the 

foreign currency. By investing in foreign assets, the investor is buying a stake in the 

foreign economy and a foreign currency, thereby exposing themselves both to market 

risk in that economy as well as foreign exchange rate risk. In the special case of monetary 

unions such as the Eurozone, the exchange rate risk is eliminated while the foreign 

market risk remains, but as this analysis is from the point of view of an Icelandic investor 

it is not relevant here. 

Currency risk can at times be quite considerable. Table 1 shows the standard deviation 

p.a. of the return on four currencies measured in Icelandic króna over 4 different periods, 

using monthly returns. The longest period goes back to 1981 when the new króna was 

established, by cutting two zeros off the back of the old one. These four currencies were 

chosen because they are used in most of Iceland’s international trade. Note that the data 

for the Euro only goes back to 1999. 

Table 1: Standard deviation of returns of the Icelandic króna against four major currencies, over four 
time horizons. Exchange rate data from the Central Bank of Iceland. 

 2015-2018 2005-2018 1995-2018* 1981-2018 

USD 10.89% 15.94% 13.47% 13.75% 

GBP 11.42% 14.74% 12.08% 12.58% 

EUR 7.89% 13.95% 12.30% N/A 

DKK 7.89% 13.96% 11.33% 11.78% 

 

The greatest volatility is during the 2005-2018 period, which is mainly because of the 

2008 crash. In the longer run, the volatility seems to be greater than it has been in the 

most recent past, but the capital controls that have only just been lifted, both on inflows 

and outflows, probably have a lot to do with that.  
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Exhibit 1 graphs the behaviour of nominal exchange rates against three of those 

currencies going back to 1981, with the exchange rate in January 1981 normalised to 100. 

The Euro is not on the graph because its data does not go back so far, but the Danish 

krone is pegged to the Euro through ERM, so it should act as an adequate proxy. 

 

Exhibit 1: Nominal exchange rate behaviour of the US Dollar, the British Pound Sterling and the Danish 
krone against the Icelandic króna from 1981 to 2019. January 1981 = 100. Data from the 
Central Bank of Iceland. 

The króna has steadily lost its value over the period, especially in the 1980s which was 

a period of high inflation. For example, in 1981 a dollar was worth 6 ISK, in 2019 it was 

worth over 120 ISK – a twentyfold increase, equal to growth of over 8% per year 

compounded. Judging by that, virtually any dollar denominated asset would be a fantastic 

investment option for an Icelandic investor. However, in recent years the exchange rate 

has been more stable and is now around a similar level to 2009 despite some shorter-

term volatility, and the Central Bank has committed to keeping inflation low, so hopefully 

the Icelandic króna will be more stable in the future. 

The real exchange rate, calculated by the Central Bank of Iceland and graphed in 

Exhibit 2, paints a much less volatile picture. When adjusted for inflation, the exchange 

rate of the króna has been relatively stable over the past 40 years, being at a similar level 

now as it was in 1980, and having spent most of the period within a rather narrow band. 

This graph is made with yearly data, instead of the monthly data in Exhibit 1, so by design 
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it is smoother, but even accounting for that the volatility looks pretty low. The biggest 

shock by far was the 2008 crash, but apart from that the real exchange rate remains fairly 

stable from one year to another. 

 

Exhibit 2: Real exchange rate of the Icelandic króna from 1980 to 2018. 2005=100. Data from the 
Central Bank of Iceland. 

This short summary of the history of the Icelandic króna indicates that it is important 

for Icelandic investors to look outside their borders and diversify their investment 

portfolio into global assets. Parking all your assets within one, tiny, volatile currency is 

not a good idea from a risk management perspective. 
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3 The case for portfolio diversification 

Diversifying your portfolio internationally by investing in foreign assets, denominated in 

currencies in which you neither earn nor consume, sounds a bit risky. Which it indeed is. 

But then again, investing is general is inherently risky.  

The value of financial assets can go down as well as up, but it is a general belief that as 

assets gets riskier, they should deliver a better return. Empirically, looking over the long 

run, this has been the case. In their book Triumph of the Optimists, Dimson, Marsh and 

Staunton (2001) looked at the real return of both bonds and equity in 16 countries across 

Europe, North America, Asia and Oceania over the 20th century. Equity performed better 

than bonds in the long run in all those countries, but the equity returns had much more 

variability and therefore more risk in the short and medium term. When deciding how to 

assemble an investment portfolio, one of the most important things to have in mind is 

diversification, to find the perfect balance between risk and return. 

3.1 Why is diversification so important? 
Everyone knows the classic saying about not putting all your eggs in one basket, but let’s 

look towards another example from agriculture.  In her paper Field Scattering as 

Agricultural Risk Management: A Case Study from Cuyo Cuyo, Department of Puno, Peru, 

Carol Goland (1993) provides a real-life application of a variation of that saying. The paper 

describes how each farmer in the steep slopes of the eastern Andes in southern Peru 

plants their crops in up to twenty dispersed fields within their land each year. The fields 

are scattered around the area, and farming such a large land area in the mountainous 

landscape takes a lot of labour and is more difficult than if each farmer would concentrate 

on a smaller area. However, there is great variance in the crop yield between the fields, 

which is mostly because of random environmental factors, and it is impossible for a 

farmer to know in advance which ones will yield well. By focusing on a small area of his 

land, the farmer could strike lucky – that land could experience ideal conditions and yield 

well, at a lower cost – or as a result of unforeseen natural conditions, it could grow 

nothing at all which would be disastrous for the him and his family. 
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The same principle holds true for financial assets. The main purpose of diversification 

is to reduce risk. Some assets yield better returns than others, and in an ideal world the 

ideal portfolio building strategy would be to compose your portfolio of only the highest 

yielding assets while leaving the lower or negative yielding assets alone, or even short 

selling them. But nobody knows in advance which assets will perform well and which will 

perform badly. A well-diversified portfolio is composed of a bit of both, which limits both 

the upside potential and the downside risk of the portfolio. 

3.2  How can diversification decrease risk? 
To see how portfolio diversification helps to reduce risk, it is best to look at a simplified 

example. Let’s suppose the available investment world consists of two assets, Asset 1 and 

Asset 2, and the state of the economy over the next year can be good, average or poor. 

Each state has equal chances of happening, 1/3. You can choose to hold either asset, or 

a 60/40 combination of the two. The annual return on each asset and this portfolio in 

every available state is listed in Table 2 (Elton et al., 2011). 

Table 2: A simplified example of the benefits of diversification. Taken from Elton et al. (2011). 

 Asset 1 Asset 2 Combination 60/40 

Good 16% 1% 10% 

Average 10% 10% 10% 

Poor 4% 19% 10% 

    

Expected return 10.00% 10.00% 10.00% 

Standard deviation 4.90% 7.35% 0.00% 
    

Covariance -0.36%   

Correlation -1.00   

 

If you are certain that the economy will perform well over the next year, you will 

obviously choose to invest in Asset 1 and pocket your 16% return. If you knew the 

economy is headed for a poor year, you would invest all your capital into Asset 2 for that 

19% return. Since you cannot accurately forecast how the economy will perform, you 

need to choose your portfolio by looking at the expected risk and return. Both assets have 



 

21 

an expected return of 10%, but Asset 1 has lower risk, because its standard deviation is 

4.9% as opposed to Asset 2’s higher 7.35%. If you were restricted to only investing in one 

asset, Asset 1 would be the logical choice, and your potential return would be between 

4% and 16% (Elton et al., 2011). 

However, since the assets have their good returns and bad returns in opposite 

economic conditions, and in fact are perfectly negatively correlated, it is possible to 

construct a portfolio with the same 10% expected return with standard deviation of 

returns equal to zero, because losses on one asset are perfectly offset by gains on the 

other. This is an example of perfect diversification, where diversifying your portfolio 

eliminates all risk. This is a very extreme and unrealistic example, in the real world 

perfectly negatively correlated assets are nigh to impossible to come by. Also, expected 

returns and standard deviation of returns cannot be known for sure in advance either, 

since historical data cannot provide a perfect forecast for the future (Elton et al., 2011). 

Nevertheless, the general message stands, by diversifying your portfolio into assets 

the returns on which exhibit different patterns, for example equity and bonds, or indexed 

and non-indexed bonds, you are able to reduce the overall risk of your portfolio. Of 

course, this comes at a price, as the expected returns on a well-diversified portfolio will 

generally be lower than the potential returns on a riskier one. With emphasis on the word 

potential – the reason a risky portfolio is risky is the potential for very bad, even negative, 

returns. 

3.3 Two different kinds of risk 
There is a limit to the benefits of diversification. The effects of diversification exhibit 

diminishing returns, a portfolio with few assets will benefit more from adding one 

additional asset than a portfolio that is already well diversified. 

The risk of financial assets can be roughly divided into two parts, firm-specific risk and 

market risk. By diversifying, you can reduce the firm-specific risk (also called unique risk, 

non-systematic risk or diversifiable risk) of the portfolio by adding in more assets with 

different firm-specific risk profiles. This is the risk that is different for each company, 

stemming mostly from factors within each company’s managers’ control. In the example 

above, the risk profiles of the two assets are complete opposites, so a low return on one 
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asset is perfectly offset by a good return on the other, no matter how the economy will 

perform (Bodie et al., 2011). 

If firm-specific risk was the only risk an investor had to worry about, completely 

eliminating risk would be quite possible, even easy. There is, however, another type of 

risk that cannot be diversified away. Virtually all financial assets are affected by common 

macroeconomic factors. If the economy experiences a downturn, some firms are more 

affected than others (for example, selling luxury goods gets difficult in a downturn, but 

low-cost food retailers might experience a sales boost), but ultimately the downturn will 

have adverse effects on asset markets as a whole. This is market risk (also called 

systematic risk, or non-diversifiable risk). Exhibit 3 shows how the volatility of portfolio 

returns (measured as portfolio’s standard deviation) falls as the number of assets 

increases, until it reaches its lower bound at the level of market risk. That is because the 

firm-specific risk can be diversified away, but the market risk cannot (Bodie et al., 2011). 

 

Exhibit 3: The volatility of a portfolio as a function of the number of assets in the portfolio. 

3.4 How can international diversification reduce market risk? 
Even though market risk is undiversifiable within a single market, it is not impossible to 

diversify away some portion of it. The key is to widen the opportunity set of assets, by 

redefining the ‘market’ from which you are able to pick assets to invest in. 
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Economies around the world generally exhibit less than perfect correlation to one 

another, as worldwide economic conditions can hit different countries in different ways. 

This creates opportunities for risk reduction by introducing the possibility to invest in 

foreign assets. The volatility of a portfolio as a function of the number of assets goes from 

Exhibit 3 to Exhibit 4 – by utilising the benefits of international diversification you can 

reduce the market risk from the orange line down to the grey line, and the total risk of 

the portfolio from the blue line to the green line.  

 

Exhibit 4: The volatility of a portfolio as a function of the number of assets in the portfolio, with 
international diversification. 

3.5 Does international diversification really work when it is most 
needed? 

A key assumption for the theory that diversification leads to lower risk, is that markets 

are less than perfectly correlated. The smaller the correlation – the greater the benefits 

from diversification. Research has shown that international diversification remains 

beneficial in practice, but the benefits have been shrinking over time. Globalisation has 

strengthened the links between markets across borders, with economies becoming ever 

more interdependent, relying on one another for trade and financial transactions. This 

increases the correlation between various markets, which means that investors might not 

be getting the same diversification benefits they thought they were when their 

investment decisions were made. Over longer periods, it is possible for asset classes that 
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once had little correlation to converge (Anand, 2006). You & Daigler (2010) come to the 

conclusion that relying on constant correlation to evaluate diversification benefits is a 

simplistic approach, the correlation structure itself is too volatile to accurately predict 

future correlation and therefore future benefits from international diversification. 

Dimson et al. (2001) researched the long-term correlation structure between equity 

markets in sixteen countries over the 20th century, measuring return in real dollar terms. 

Exhibit 5 shows their correlation matrix – The lower triangular matrix shows the 

correlation for the full period 1900-2000, and the upper triangular matrix shows the 

correlation for the period 1996 to 2000. The colour scale goes from low correlation (red), 

through medium correlation (yellow) to high correlation (green). 

 

Exhibit 5: Correlation matrix between world equity markets in the 20th century, real dollar returns. The 
lower triangular matrix shows correlation for 1900-2000, the upper triangular matrix shows 
correlation for 1996-2000. Data from Dimson et al. (2001). 

It is easy to see which economies are close to each other geographically and/or heavily 

intertwined economically. The highest correlation is between pairs such as the United 

States and Canada, the United Kingdom and Ireland, Belgium and France and the United 

Kingdom and Australia. Equity markets are generally positively correlated, and usually 

with pretty strong correlation. The main exception to this is Germany which can largely 

be explained by the two world wars and the period of hyperinflation in the 1920s. The 

general trend is that the correlation in the recent short term is greater than the 

World US UK Swi Swe Spa SAf Neth Jap Ita Ire Ger Fra Den Can Bel Aus
World 0.93 0.77 0.59 0.62 0.67 0.54 0.73 0.68 0.52 0.69 0.69 0.73 0.57 0.82 0.54 0.69
US 0.85 0.67 0.44 0.46 0.53 0.46 0.57 0.49 0.40 0.66 0.56 0.56 0.46 0.78 0.45 0.57
UK 0.70 0.55 0.58 0.44 0.63 0.31 0.71 0.42 0.39 0.73 0.58 0.59 0.57 0.57 0.59 0.56
Switzerland 0.68 0.50 0.62 0.39 0.60 0.19 0.72 0.36 0.45 0.57 0.53 0.64 0.58 0.35 0.63 0.37
Sweden 0.62 0.44 0.42 0.54 0.63 0.38 0.63 0.34 0.49 0.27 0.76 0.76 0.44 0.61 0.29 0.44
Spain 0.41 0.25 0.25 0.36 0.37 0.35 0.63 0.32 0.64 0.50 0.64 0.75 0.56 0.51 0.55 0.54
South Africa 0.55 0.43 0.49 0.39 0.34 0.26 0.30 0.44 0.24 0.31 0.42 0.37 0.25 0.62 0.10 0.66
The Netherlands 0.57 0.39 0.42 0.51 0.43 0.28 0.29 0.39 0.59 0.63 0.74 0.77 0.64 0.55 0.70 0.46
Japan 0.45 0.21 0.33 0.29 0.39 0.40 0.31 0.25 0.18 0.33 0.25 0.36 0.24 0.50 0.17 0.59
Italy 0.54 0.37 0.43 0.52 0.39 0.41 0.41 0.32 0.34 0.33 0.55 0.71 0.50 0.40 0.51 0.38
Ireland 0.58 0.38 0.73 0.70 0.42 0.35 0.42 0.46 0.29 0.43 0.42 0.45 0.49 0.54 0.57 0.50
Germany 0.30 0.12 -0.01 0.33 0.09 -0.03 0.05 0.27 0.06 0.16 0.03 0.83 0.61 0.57 0.59 0.46
France 0.62 0.36 0.45 0.54 0.44 0.47 0.38 0.48 0.25 0.52 0.53 0.19 0.63 0.60 0.66 0.48
Denmark 0.57 0.38 0.40 0.50 0.56 0.34 0.31 0.50 0.46 0.38 0.55 0.22 0.45 0.55 0.54 0.30
Canada 0.80 0.80 0.55 0.48 0.53 0.27 0.54 0.34 0.30 0.37 0.41 0.13 0.35 0.46 0.30 0.65
Belgium 0.58 0.38 0.40 0.57 0.43 0.40 0.29 0.60 0.25 0.47 0.49 0.26 0.68 0.42 0.35 0.30
Australia 0.66 0.47 0.66 0.51 0.50 0.28 0.56 0.41 0.28 0.43 0.62 0.04 0.47 0.42 0.62 0.35
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correlation over the long term, this rhymes with Anand’s theory that diversification 

benefits are getting smaller. 

Risk reduction from diversification is perhaps most needed during exceptionally bad 

times, such as during economic crises. However, it has been shown that under such 

conditions, correlation between markets shoots up. Longin and Solnik (1995) came to the 

conclusion that events such as the 1974 oil shock and the October 1987 stock market 

crash had a significant positive effect on cross-border correlation in the short term. Jiang, 

Yu & Hashmi’s (2017) research focusing on the United States, the United Kingdom, 

Germany, Japan, Hong Kong and China showed a drastic increase in correlation between 

the first five of those equity markets during and immediately following the Global 

Financial Crisis (GFC). These effects have faded in the post-crisis period, but correlation is 

still generally stronger than it was before the GFC. An interesting exception was China, 

during the GFC it became less correlated to the others. This is not too surprising, however, 

the Chinese market was less open and globally integrated, as well as being supervised by 

the government to certain extent. This restricted the effects of the GFC and kept 

correlation from increasing. 

3.6 Real exchange rate behaviour and PPP 
In finance literature, a lot of focus is given to nominal variables. Nominal returns, nominal 

exchange rates, the correlation structure between nominal returns. However, when 

making investment decisions it is important to also consider real returns, especially when 

investing in assets in foreign currencies whose inflation profiles differ to the investor’s 

home currency in which they mainly consume. Even though investment decisions are 

usually made using nominal returns data, the actual goal of investors is usually to grow 

their portfolios in real terms.  

Dimson et al. (2001) calculated the nominal exchange rate changes of 15 international 

currencies against the US Dollar over the 20th century. The total change in exchange rates 

can be seen in Exhibit 6 (blue columns), where it is presented as the geometric mean per 

annum over the period. Note that the figures for Germany exclude the change between 

1922-1923, because of that year’s exceptional hyperinflation. Most major currencies 

depreciated against the Dollar from 1900 to 2000, many of them quite considerably. The 

only exceptions in this group of countries are the Swiss Franc and Dutch Guilder, even 
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though the latter one displayed an extremely modest increase. The currencies of the four 

largest economies of the current Eurozone, Germany, France, Italy and Spain, depreciated 

the most, by 3.0 to 5.7 per cent per year over the period. This by itself does not sound 

very good. 

 

Exhibit 6: Nominal and real change in exchange rates against the US Dollar, 1900-2000 (geometric 
mean). Taken from Dimson et al. (2001). 

Real exchange rates, which are the nominal exchange rates adjusted by inflation in 

both the United States and each country, paint a different picture. When looking at the 

behaviour of real exchange rates over the period – the orange columns in Exhibit 6 – the 

15 currencies have stayed relatively on par with the Dollar, except for South Africa. This 

huge gap between nominal and real exchange rates should not come as a total surprise, 

the countries with the biggest gaps, the large European countries and Japan, experienced 

a great deal of inflation during the two World Wars, which explains the great level of 

nominal depreciation. 

Purchasing Power Parity, PPP, is the theory that exchange-adjusted prices for goods 

and services are identical in all countries, and a unit of the local currency should have the 

same purchasing power all over the world. This theory rarely holds in reality, because of 

factors such as transportation costs, tariffs, trade restrictions, product differentiation, 

etc. Another, more plausible version of this theory is that PPP holds relatively, i.e. that 

changes in exchange rates reflect the movements in the inflation rates in the countries 
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involved. This means that the change in exchange rates over a certain period should be 

equal to the inflation differential between the countries in question over that period. If 

this theory holds perfectly, real exchange rates should always remain constant in the long 

term. Exhibit 6 indicates that this theory largely holds in practice, with some exceptions 

(here, South Africa) (Dimson et al., 2001). 

However, even though PPP holds in the long term, departures from parity can occur in 

the shorter and medium term and can last for a number of years. There are various 

reasons for this. Inflation indices can be heterogeneous between countries, with 

significant variation in what they are composed of and how the components are weighted 

from one country to the next. This can lead to a misrepresentation of relative inflation 

rates, which skews and causes volatility in the real exchange rate (Dimson et al., 2001). 

Table 3: Volatility of changes in exchange rates against the US Dollar, over three time periods. Data 
from Dimson et al. (2001). 

 1900-2000 1950-1971 1972-2000 

Australia 10.7% 4.5% 10.0% 

Belgium 13.3% 3.6% 14.3% 

Canada 4.6% 3.3% 4.7% 

Denmark 12.7% 5.3% 12.6% 

France 24.0% 5.3% 12.0% 

Germany 134.8% 4.3% 12.7% 

Ireland 11.2% 6.0% 10.8% 

Italy 39.5% 4.6% 11.9% 

Japan 29.5% 8.0% 13.4% 

The Netherlands 12.6% 3.7% 12.5% 

South Africa 10.5% 5.2% 14.0% 

Spain 18.8% 6.8% 13.2% 

Sweden 10.7% 3.9% 12.0% 

Switzerland 11.2% 3.6% 14.3% 

United Kingdom 11.7% 5.9% 12.5% 

Average 23.7% 4.9% 12.1% 
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Table 3, taken from Dimson et al. (2001), shows the volatility of annual changes in the 

real exchange rate against the Dollar, over three periods. The two periods in the latter 

half of the century had less volatility than the whole century, mainly because the first half 

had the two World Wars with the corresponding inflation. The 1950-1971 period was 

characterised by fixed exchange rate regime under the Bretton Woods agreement, so it 

is not surprising to see less volatility there than in the later period in which exchange rates 

have been floating. In today’s world of floating currencies and liquid foreign exchange 

markets, it is a relatively safe assumption to predict that PPP will hold in the long term, 

but with quite a bit of volatility in the shorter term (Dimson et al., 2001). 

Why is this important? International diversification introduces foreign exchange risk 

into an investor’s portfolio. There are ways to hedge a portfolio against this risk, usually 

by taking out forward contracts on the foreign currency. This is most useful if relative PPP 

does not hold. The preceding results suggest that over very long investment horizons, 

hedging foreign exchange risk is unnecessary, because relative PPP does hold, and the 

real exchange rate is fairly stable. In the short and medium term however, it could be a 

good idea to hedge the risk, at least to a certain extent.
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4 Home bias 

Home bias is the term used for when investors overweight their portfolio towards 

domestic assets and thus fail to properly diversify globally. One definition is that an 

investor is affected by home bias when the proportion of their portfolio that is allocated 

to domestic assets is greater than the size of the domestic market relative to the global 

market. 

4.1 Main reasons for home bias 
Home bias can be caused by various factors, but despite a lot of research being available 

on the topic, a general consensus on why home bias persists amongst investors hasn’t 

been reached. In their research paper for Vanguard, The Role of Home Bias in Global Asset 

Allocation Decisions, Philips, Kinniry and Donaldson (2012) listed up some of the major 

reasons cited for home bias. 

One of the most prevalent factors is the preference for the familiar, investors feel 

more comfortable investing in an environment they know and have experience with. They 

also have better access to information (or at least that’s what they tend to believe) about 

their domestic markets than those abroad. Both Strong & Xu (2003) and French & Poterba 

(1991) came to the conclusion that investors tend to be more optimistic about the 

performance of their own economy than foreign ones, perhaps because they are more 

exposed to information about it, and those expectations were a key cause for home bias. 

Related to this, Dahlquist et al. (2002) showed that corporate governance practices and 

high costs to access foreign assets increased home bias, as it creates a barrier to entry for 

investors in comparison to investing domestically.  

Investors often have domestic liabilities that need to match their assets to a certain 

degree, which makes some extent of home bias appropriate. An example of this would 

be pension funds, which have large, mostly predictable pension liabilities. Keeping their 

assets in domestic investments, that tend to correlate more strongly with those liabilities, 

makes it easier to meet them. Even though global diversification has risk reducing 

benefits, the problems of meeting the portfolio’s objectives might work against those 
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benefits and might at a certain level even exceed them. The same thing can be said about 

smaller investors, such as individuals who live off their financial portfolio. They consume 

mainly in domestic goods and domestic assets usually correlate better with domestic 

interest rates and inflation, hedging the inflation risk of their portfolio to a certain extent 

that foreign assets do not. This type of investors might also be more concerned about the 

foreign exchange rate risk (Philips et al., 2012). 

Investors might believe that they can achieve enough diversification by investing in 

domestic, multinational companies, and that they do not need further international 

diversification. In global, interconnected economies, many corporations are themselves 

very diversified, with revenues and costs originating in many different economies, so 

there is considerable exposure to foreign markets. In spite of that, historical analysis by 

Philips (2012) revealed that the performance of multinational companies is very highly 

correlated with their domestic market, no matter how international their operations 

might be, and therefore it does not tend to achieve the diversification benefits many 

investors believe.  

Perhaps the biggest reason for the extent of home bias is investors’ reluctance to take 

on foreign exchange risk. Currencies are volatile and movements in exchange rates can 

have a considerable effect on the performance of foreign assets in the short term from 

the perspective of an investor who measures their portfolio performance in their local 

currency. Much of the volatility in foreign assets portfolios stems from exchange rate 

fluctuations. Thus, the temptation to underweight foreign assets can be very tempting, 

as the exchange rate volatility is more noticeable than the risk-reducing effects of 

international diversification (Philips et al., 2012). 

4.2 The extent of home bias 
Dimson et al. (2002) did an analysis on the extent of equity home bias in 16 countries 

around the world, using data from year-end 1997. A summary of their findings can be 

seen in Exhibit 7. 

The graph displays the extent of home bias in the terms of so-called “load ratios”. The 

load ratio is defined as an investor’s portfolio weighting in a certain country, divided by 

the proportion of that country in a market weighted complete global equity portfolio. 

That is, if the US equity market represents 48.3% of all global equity market value, and 
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US investors allocate 89.9% of their portfolio towards US assets, the load ratio is 

89.9%/48.3% = 1.86, which is presented as 186% in the graph. The interpretation of this 

is that the weight of US assets in US investors’ portfolio is 86% greater than it would be if 

the portfolio had no home bias. In the absence of home bias, investors would allocate 

their assets into all countries in direct proportion to each country’s share in the world 

equity market, and thus the load ratio would be 100% for all countries. In the case of 

home bias however, assets in the home country are over weighted (load ratio is greater 

than 100%) and global assets are underweighted (load ratio in foreign countries is below 

100%) (Dimson et al., 2002). 

 

Exhibit 7: Equity home bias in terms of load ratios. Taken from Dimson et al. (2001). 

The left-hand columns (blue) in the graph focus on a US perspective, showing the load 

ratio of US investors in each of the 16 countries at the end of 1997, with the data coming 

from Ahearne et al. (2001). The home bias is obvious here; as mentioned before US 

investors allocate 86% more towards US assets than they would do if they held a fully 

diversified world portfolio, while the load ratios for each of the 15 foreign countries are 

far below 100%. Ireland is the foreign country with the highest load ratio, which could be 

explained both by the small size of the Irish equity market compared to the other 

international markets surveyed (so you do not need to invest a lot there to get a 

reasonably high load ratio), and the tendency of investors to invest their foreign holdings 
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into their country of origin (many Americans have Irish roots). Yet, investment in Irish 

assets is only 56% of what it would be in the absence of home bias (Dimson et al., 2002). 

The right-hand columns (orange) focus on the perspective of each individual country 

and represent the total outward investment by investors in each country. This shows the 

extent of home bias for the investors in those countries. As with the left-hand columns, 

load ratio of 100% would indicate a perfectly globally diversified portfolio, but load ratio 

below 100% indicates home bias. For example, the World ex-US is 51.7% of the world 

total, but US citizens invested only 10.1% of their assets abroad. Therefore, their average 

load ratio in foreign markets was 10.1%/51.7% = 19%, i.e. the asset allocation towards 

global assets is only 19% of what it would be in a perfectly globally diversified portfolio. 

Because of lack of data, the outward investment load ratio is only available for eight 

countries in addition to the US, and comes from Cooper and Kaplanis (1995), relating to 

year-end 1993 (Dimson et al., 2001). 

The highest degree of home bias is in Italy and France, where the load ratio is only 8%, 

while Japan and Canada also have more home bias than the US. The Netherlands has a 

significant lead as the country with the least home bias, but even there the load ratio is 

49%, so investors’ global asset allocation is only half of what it should be. Swiss and British 

investors’ global allocation is only a third of what it would be in the absence of home bias, 

and for Germany it’s around a quarter. The US is right in the middle on this scale, with a 

load ratio of 19% so US investors would have to increase their allocation towards global 

assets five-fold in order to move to a fully diversified world equity portfolio (Dimson et 

al., 2001). 

4.3 Home bias over time 
Global diversification has had its periods of ups and downs over the 20th century. At the 

turn of the century, London was the world’s financial centre and Conant (1908) estimates 

that British citizens invested at least 23%, but perhaps as much as 51% of their financial 

assets abroad. French investors held 32% of their assets abroad, and Germans 46%. A 

variety of shocks happened across the western world in the early and mid-20th century 

that discouraged cross-border investment and increased home bias – the two World 

Wars, capital controls, the 1929 stock market crash, protectionism, constraints on cross-

border holdings, poor information flows and limited supply of country index investment 
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products – it was not illogical that home bias steadily increased throughout the decades. 

The benefits of international diversification were not large enough to significantly offset 

the high cost of cross-border investment (Dimson et al., 2001). 

However, ever since the post-war era, governments in western countries have been 

working towards more global integration, and with progress in technology, easier flow of 

information and innovations in financial instruments that help hedge risks from 

international investment, home bias really ought to be a thing of the past. The European 

Union is a great example of cross-border co-operation, integrating markets for products, 

services, financial assets and labour, removing currency exchange risk between Eurozone 

members and harmonising laws and rules, thus reducing the barriers and cost of 

international investment. 

Those global measures seem to have had a positive effect on reducing home bias. In 

2010, US investors held 78% of their equity portfolio in US stocks (compared to 89.9% 13 

years earlier), thus allocating 22% to global assets. However, the load ratio actually 

increased from 186% to 236%, because of the US equity market’s declining share in the 

global equity market value, with the US market representing only a third of global equity 

value in 2010. Other countries have also seen decreased home bias; in 2010 Canadian 

investors’ equity portfolio had 24% global assets (up from 11% in 1997), for British 

investors the global share increased from 22% to 39%, and Germans increased their 

global equity allocation from 18% to 49% over the period. There is still a long way to go 

to alleviate home bias, as the 2010 load ratios for all these countries are still well below 

100%, but the world seems to be moving in the right direction (Cooper et al., 2012). 

4.4 Home bias of the Icelandic pension funds 
The Icelandic pension system is a fully funded pension system, i.e. workers deposit their 

pension savings into the pension funds and take them out several years or decades later 

when they retire. This is different to unfunded or pay-as-you-go pension systems, in 

which pensions are paid out using inflows from current workers. This means that the 

Icelandic pension funds hold vast amounts of funds. They are significant investors in 

Icelandic asset markets, for example they are major shareholders in most Icelandic 

publicly listed companies. According to numbers from the Central Bank of Iceland and 
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Statistics Iceland, in 2018 the combined value of the assets of Icelandic pension funds was 

151% of GDP.  

Exhibit 8 is borrowed from Jónsson & Sigurgeirsson (2014). It uses numbers from year-

end 2012 and shows the size of pension funds relative to GDP for 34 OECD countries. It is 

clear that Icelandic pension funds are very significant investors in the Icelandic economy, 

and therefore their asset allocation can be an adequate estimate of home bias among 

Icelandic investors. 

 

Exhibit 8: Size of pension funds relative to GDP in 34 OECD countries. Taken from Jónsson & 
Sigurgeirsson (2014). 

Exhibits 9 and 10 show the asset allocation of Icelandic pension funds from 1997 to 

2018 using data from the Central Bank of Iceland. The former shows the allocation 

between six categories of domestic and foreign assets, and the latter sums them up into 

total domestic and foreign assets. 
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Exhibit 9: Asset allocation of the Icelandic pension funds, between six asset categories, 1997-2018. Data 
from the Central Bank of Iceland. 

 

Exhibit 10: Asset allocation of the Icelandic pension funds, between domestic and foreign assets, 1997-
2018. Data from the Central Bank of Iceland. 

Domestic bonds have been the main asset class of the pension funds’ portfolio, making 

up over 50% of their assets throughout the period with the slight exception just before 

the crash (when domestic equity was inflated in value). Their allocation towards foreign 

assets has always been rather low, usually less than a quarter, which in light of literature 
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on risk management and global diversification appears to be much lower than it should 

ideally be. In light of the small size of Icelandic financial markets compared to 

international markets, the home bias in Iceland looks to be very significant. However, it 

should be noted that the pension funds have pension liabilities they are constantly paying 

out to retirees, so it is important for them to keep a certain amount of domestic assets 

that correlate with those liabilities.
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5 Portfolio allocation model 

To answer the question of what the ideal mixture of domestic and global assets should 

be, this paper will use a model based off Kurach & Papla (2016): Should pension funds 

hedge currency risk? The case of Poland. The essence of the model is to find the efficient 

portfolio of domestic and global assets, the one which assigns the weights to each asset 

class that maximises the combined portfolio’s Sharpe ratio (excess returns given risk). 

Three separate analyses will be performed using the same methodology, for an investor 

from Iceland, the United Kingdom and Poland. 

The model starts with a simple representation of the return of a portfolio composed 

of two assets, a domestic one and a foreign one. For the Icelandic analysis, the domestic 

currency is the Icelandic króna, ISK, the foreign currency is the US Dollar, USD, and the 

exchange rate is ISK/USD. For the analysis of the United Kingdom and Poland, ISK is 

replaced with the Pound Sterling, GBP, and the Polish Zloty, PLN, respectively. 

(1) 𝑅 = 𝑤 𝑅 + 𝑤 (𝑅 + 𝑅 + 𝑅 𝑅 ) 

RP: Excess return on portfolio, in domestic currency (ISK) 
wD: Weight of domestic assets 
RD: Excess return on domestic assets, in domestic currency 
wG: Weight of foreign (global) assets 
RG: Excess return on foreign assets in foreign currency (USD) 
RX: Exchange rate movement between domestic and foreign currency (ISK/USD) 

For simplicity, it is a conventional approximation to ignore RG*RX in Equation 1, 

because it is so small relative to (RG+RX) (Elton et al., 2011). Now, let’s introduce  

wX: Weight of the foreign currency exposure. Equation 1 can be rewritten: 

(2) 𝑅 = 𝑤 𝑅 + 𝑤 𝑅 + 𝑤 𝑅  

Because the portfolio is divided into either domestic or global assets, wD + wG = 1. If 

no portion of the portfolio is hedged, the complete global portion of it is exposed to 

foreign currency risk, i.e. wX=wG. If forward contracts are used to hedge a certain 

proportion ℎ of the portfolio, the hedging ratio can be written as the portion of the global 

portfolio that is not exposed to currency risk: 
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 (3) ℎ =  or alternatively Equation (3’) 𝑤 = (1 − ℎ)𝑤  

If wX = wH, ℎ equals zero and no portion of the global portfolio is hedged. If ℎ > 0, we 

go short in a forward contract on foreign currency, and if ℎ = 1 the portfolio is perfectly 

hedged against foreign currency risk. In the case of ℎ < 0, we go long in forward contracts 

on foreign currency and enchance the foreign currency risk. This would be speculation 

rather than hedging, i.e. the investor believes the foreign currency is undervalued. 

Similarly, if ℎ > 1, the investor would take a short position in more than the entire value 

of the foreign portfolio, speculating that the foreign currency is overvalued. 

Portfolio excess return with forward contracts is derived by inserting wX from equation 

3’ into equation 2 

 (4) 𝑅 = 𝑤 𝑅 + 𝑤 𝑅 + (1 − ℎ)𝑤 𝑅  

5.1 The extension to the model 
This model can be extended to deal with four asset classes in addition to foreign currency 

exchange rate returns, by splitting both the domestic and global portfolios into bonds and 

equity. The following abbreviations will be used: 

Domestic Bonds: DB 
Domestic Equity: DE 
Global Bonds:  GB 
Global Equity:  GE 

Adjusting equation 4 to include these asset classes, the portfolio excess return 

becomes 

(5) 𝑅 = 𝑤 𝑅 + 𝑤 𝑅 + 𝑤 𝑅 + 𝑤 𝑅 + (1 − ℎ)(𝑤 + 𝑤 )𝑅  

The returns on each asset class are random variables, but the weights and hedging 

ratio are constants. Therefore, the expected portfolio excess return is: 

 (6) 𝐸[𝑅 ] = 𝑤 𝐸[𝑅 ] + 𝑤 𝐸[𝑅 ] + 𝑤 𝐸[𝑅 ] + 𝑤 𝐸[𝑅 ] 

+(1 − ℎ)(𝑤 + 𝑤 )𝐸[𝑟 ] 

For clarity in notation, define 𝑤 = (1 − ℎ)(𝑤 + 𝑤 ). Equation 6 can more easily 

be represented in matrix form: 
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 (7) 𝐸[𝑅 ] = 𝒘 𝑬[𝑹] =

⎣
⎢
⎢
⎢
⎡
𝑤
𝑤
𝑤
𝑤
𝑤 ⎦

⎥
⎥
⎥
⎤

∗

⎣
⎢
⎢
⎢
⎡
𝐸[𝑅 ]

𝐸[𝑅 ]

𝐸[𝑅 ]

𝐸[𝑅 ]

𝐸[𝑅 ] ⎦
⎥
⎥
⎥
⎤

 

Defining Σ as the covariance matrix for the excess returns on the five asset classes, the 

variance of portfolio returns is: 

 (8) 𝑉𝑎𝑟[𝑅 ] = 𝒘 𝚺𝒘 =

⎣
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⎢
⎡
𝑤
𝑤
𝑤
𝑤
𝑤 ⎦

⎥
⎥
⎥
⎤
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𝜎 , 𝜎 , 𝜎 , 𝜎 , 𝜎 ,
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𝜎 , 𝜎 , 𝜎 , 𝜎 , 𝜎 ,

𝜎 , 𝜎 , 𝜎 , 𝜎 , 𝜎 ,

𝜎 , 𝜎 , 𝜎 , 𝜎 , 𝜎 , ⎦
⎥
⎥
⎥
⎤

⎣
⎢
⎢
⎢
⎡
𝑤
𝑤
𝑤
𝑤
𝑤 ⎦

⎥
⎥
⎥
⎤

 

In order to find the most efficient portfolio, weights will be assigned to each of the 

four asset classes to maximise the portfolio’s Sharpe ratio, i.e. to maximise excess returns 

subject to risk. Formally, this problem can be written as 

 (9) max
, , , ,

[ ]

( [ ])
     𝑠. 𝑡. 𝑤 + 𝑤 + 𝑤 + 𝑤 = 1  

                                               𝑎𝑛𝑑 𝑤 = (1 − ℎ)(𝑤 + 𝑤 ) 

The model also assumes that short selling an entire index is not allowed, that the 

investor cannot take a short position in any one market. This adds the constraint 

wDB,wDE,wGB,wGE ≥ 0 

5.2 The comparison countries 

Table 4: Population, Gross Domestic Product and GDP per capita in Iceland, the United Kingdom and 
Poland, 2017 figures. 

 Iceland United Kingdom Poland 

Population 338 thousand 66.02 million 39.97 million 

Gross Domestic Product ($) 23.91 billion 2.62 trillion 524.5 billion 

GDP per capita ($) 70,740 39,684 13,122 

 

The main focus of this analysis is Iceland, but for comparison purposes it is also performed 

for the United Kingdom and Poland. The reason for choosing these two countries is 

because both are European countries that are outside of the Eurozone but inside the 
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common European markets (during the data period, at least). Both have their own free-

floating currency, the British Pound Sterling and the Polish Zloty. Both countries are 

significantly larger than Iceland, as can be seen in Table 4 (2017 figures). Both Poland and 

the UK have a larger population and GDP than Iceland, by several orders of magnitude, 

but GDP per capita is significantly higher in Iceland. Ultimately, all three are relatively 

small, open economies, so can be considered comparable for the purposes of this 

analysis. 

5.3 The data period 
This analysis uses monthly returns data from 2005 to 2018 for Iceland and the United 

Kingdom, but 2007 to 2018 for Poland. The reason for the shorter Polish period is 

availability of data. This period is peculiar in many ways, which probably influences the 

results of this analysis. The start of the 21st century was characterised by optimism and 

growth in the western world. Financial system deregulation in the 1980s and 1990s, more 

international cooperation and international business, along with great advances in 

science and technology built a foundation for the economic boom that characterised the 

mid-2000s and led to the Global Financial Crisis (GFC) which is considered to be the most 

serious financial crisis since the Great Depression in the 1930s. 

The GFC hit Iceland especially hard. With its oversized banking system and large 

macroeconomic imbalances, it was in no way prepared to take on the massive external 

shock of the collapse of global finance corporations and the drying up of the previously 

seemingly endless flow of credit. The three newly privatised Icelandic banks had 

expanded their operations abroad and grown to almost nine times Iceland’s GDP, but all 

collapsed within a week in October 2008 (Central Bank of Iceland, 2018). The entire 

Icelandic stock market fell with it, and it hasn’t yet recovered as of spring 2019, so the 

return on Icelandic equity is negative over the data period. The value of the equity index 

OMXI All-Share at the end of 2008 was only around a tenth of what it was the year before, 

and even today, 10 years later, it hasn’t fully recovered. At the end of the data period, in 

mid-November 2018, it stood at 635, but at the start in January 2005, long before the 

bubble reached its peak, its value was 1359. 
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5.4 Indices used 
To perform the analysis, it is necessary to represent the risk and return of each asset class 

for each country. As a proxy for each asset class, broad market indices will be used. 

5.4.1 Icelandic assets 

 Domestic Bonds: GAMMA Government Bond Index. Excess returns are 
denominated in ISK over Icelandic risk-free rate. 

 Domestic Equity: OMX Iceland All-Share Gross Index. Excess returns are 
denominated in ISK over Icelandic risk-free rate. 

 Risk free rate: Yield on short term Icelandic treasury bills in initial auctions. 

5.4.2 British assets 

 Domestic Bonds: Bloomberg Barclays Sterling Gilts Total Return Index. Excess 
returns are denominated in GBP over British risk-free rate. 

 Domestic Equity: The FTSE 100 Index. Excess returns are denominated in GBP 
over British risk-free rate. 

 Risk free rate: The average yield on 1-month Treasury Bill tenders by the UK 
Debt Management Office. 

5.4.3 Polish assets 

 Domestic Bonds: TBSP Index. Excess returns are denominated in PLN over 
Polish risk-free rate. 

 Domestic Equity: WIG20 Index. Excess returns are denominated in PLN over 
Polish risk-free rate. 

 Risk free rate: Short term money market interest rates in Poland from the OECD 
database. 

5.4.4 Global assets 

 Global Bonds: The Bloomberg Barclays Global Aggregate Bond Index. Excess 
returns are denominated in USD over US risk free rate. 

 Global Equity: MSCI The World Index. Excess returns denominated in USD over 
US risk free rate. 

 Risk free rate: The rate on 13-week US Treasury Bills 

5.5 Summary statistics 
Table 5 summarises the main statistics for each index and currency over the data period. 

Note that the data period for the Polish assets starts in 2007 instead of 2005. 
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Table 5: Summary statistics for the 11 asset classes over the data period, 2005-2018. 

 Excess 
returns 

Standard 
deviation 

Sharpe 
ratio 

IS Bonds 2.62% 7.31% 0.36 

IS Equity -4.86% 30.28% -0.16 

UK Bonds 3.75% 6.31% 0.59 

UK Equity 2.16% 15.09% 0.14 

PL Bonds 1.51% 2.76% 0.55 

PL Equity -5.00% 20.02% -0.25 

Global Bonds 1.74% 5.88% 0.30 

Global Equity 6.69% 15.25% 0.44 

ISK/USD 5.68% 15.89% 0.36 

GBP/USD 3.20% 9.89% 0.32 

PLN/USD 3.12% 14.95% 0.21 

 

The characteristics of each asset class are presented graphically in the scatter plot in 

Exhibit 11, where the excess returns on each asset is plotted against its standard 

deviation. 

 

Exhibit 11: Expected excess return plotted against standard deviation of excess returns. 
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Both Polish and Icelandic equity had negative excess returns over the period, most of 

which was caused by the Global Financial Crisis. UK equity performance was also rather 

poor, not yielding much more than the bond indices. Global equity was not only the best 

performer out of all the indices, it also had less volatility than all three domestic equity 

indices. This clearly demonstrates the risk-reducing effects of global equity 

diversification. 

Bonds in both the UK and Iceland performed better than the global bond index, but 

with slightly higher volatility. Polish bonds had the lowest volatility, but yielded similar 

returns as global bonds.  

Interestingly, the second highest returns asset class was the Icelandic króna versus the 

US Dollar, but it was also very volatile, and the Zloty had similar volatility. Both the Pound 

and Zloty had roughly the same return, but the Pound had lower volatility. Exhibit 12 

ranks the asset classes by their Sharpe ratio. Looking at the Sharpe ratio, the three equity 

indices are the three worst performing assets, but global equity is the third best 

performing, again emphasising the benefits of global diversification. The three bond 

indices have rather high Sharpe ratios, because of their low risk, and British bonds have 

the highest Sharpe ratio of all assets. From this data, the benefits of global diversification 

do not seem to be as strong when it comes to bonds as when it comes to equity. 

 

Exhibit 12: Sharpe ratio for all 11 asset classes over the data period. 
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5.6 Correlation 
The main purpose of international diversification is trying to achieve a portfolio of diverse 

assets that are not very correlated, preferably negatively correlated, so that they respond 

differently from one another to various economic situations. Therefore, it is interesting 

to look at the correlation structure of the asset classes. This section contains three 

correlation matrices, from the point of view of an Icelandic, British and Polish investor, 

each of whom can choose between the four domestic and global asset classes listed 

previously. The colour scale makes it easier to understand the correlation structure at a 

glance – green colours indicate positive correlation (darker – more correlated) and red 

colours indicate negative correlation (darker – more negatively correlated). 

5.6.1 Iceland  

The exchange rate seems to have the highest degree of negative correlation, it is 

negatively correlated to global bonds and both domestic and global equity. The two 

domestic asset classes are negatively correlated with each other, which makes theoretical 

sense, and domestic bonds are negatively correlated with both global asset classes, 

although the correlation coefficient is very low. The correlation between domestic and 

global equity is 0.48, which can seem rather high, but makes sense as equity in different 

countries should be more correlated than the correlation between equity and bonds. 

 

Exhibit 13: Correlation matrix from the point of view of an Icelandic investor. 

Overall, it appears that global diversification should be beneficial, and should help 

reduce the risk of an investor’s portfolio. 

5.6.2 United Kingdom 

There are many similarities here with the Icelandic correlation matrix. Domestic equity 

and domestic bonds are negatively correlated, but the correlation here is much weaker. 

The strongest negative correlation is between the currency and each of the global assets, 

Correlation matrix 
Icelandic investor 

Domestic 
Bonds 

Domestic 
Equity 

Global 
Bonds 

Global 
Equity ISK/USD 

Domestic Bonds 1.00 -0.27 -0.07 -0.12 0.18 
Domestic Equity -0.27 1.00 0.09 0.48 -0.27 
Global Bonds -0.07 0.09 1.00 0.13 -0.32 
Global Equity -0.12 0.48 0.13 1.00 -0.39 
ISK/USD 0.18 -0.27 -0.32 -0.39 1.00 

 



 

45 

and the strongest positive correlation is between domestic and global equity, so the 

opportunity for risk reduction by international diversification is not as clear here as it is 

for an Icelandic investor. However, domestic bonds and global equity are negatively 

correlated, and domestic equity and global bonds are very slightly negatively correlated, 

so there seems to be an opportunity for risk reduction by global diversification. 

 

Exhibit 14: Correlation matrix from the point of view of a British investor. 

5.6.3 Poland 

The results are similar for Poland. The largest negative correlation is between the 

currency and all four asset classes, and the largest positive correlation is between 

domestic and global equity. However, there is no negative correlation present between 

any of the four asset classes, but the positive correlation is rather weak so international 

diversification should be beneficial. 

 

Exhibit 15: Correlation matrix from the point of view of a Polish investor. 

5.7 Model results 
The analysis described in equations (1) to (9) is performed for each country and then 

compared at the end. This model has one exogenous variable, the hedging ratio ℎ, which 

forms the x axis of each exhibit. The axis runs from -1 (the investor expects the ISK/USD, 

GBP/USD or PLN/USD exchange rate to go down significantly, buys USD forwards for the 

entire portfolio value and thus doubles the portfolio’s exchange rate risk) through 0 (the 

Correlation matrix 
British investor 

Domestic 
Bonds 

Domestic 
Equity 

Global 
Bonds 

Global 
Equity GBP/USD 

Domestic Bonds 1.00 -0.04 0.12 -0.15 0.18 
Domestic Equity -0.04 1.00 -0.01 0.85 0.01 
Global Bonds 0.12 -0.01 1.00 0.13 -0.44 
Global Equity -0.15 0.85 0.13 1.00 -0.37 
GBP/USD 0.18 0.01 -0.44 -0.37 1.00 

 

Correlation matrix 
Polish investor 

Domestic 
Bonds 

Domestic 
Equity 

Global 
Bonds 

Global 
Equity PLN/USD 

Domestic Bonds 1.00 0.20 0.22 0.13 -0.06 
Domestic Equity 0.20 1.00 0.06 0.71 -0.45 
Global Bonds 0.22 0.06 1.00 0.11 -0.58 
Global Equity 0.13 0.71 0.11 1.00 -0.42 
PLN/USD -0.06 -0.45 -0.58 -0.42 1.00 
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investor does not hedge the currency risk at all), up to 1 (the investor perfectly hedges 

the currency risk by selling forwards contracts for the entire portfolio). 

In the exhibits with 4 assets, domestic bonds are coloured blue, domestic equity is 

orange, global bonds are grey and global equity is yellow. In the domestic/global split 

exhibits, domestic assets are blue and global assets are yellow. 

5.7.1 Iceland 

Exhibit 16 shows the optimal allocation between the four main asset classes, and Exhibit 

17 sums up the pairs of bonds and equity for both domestic and global assets, and shows 

the total allocation into domestic and global assets. 

 

Exhibit 16: Optimal asset allocation for an Icelandic investor between four asset classes, for different 
values of the hedging ratio. 

What is the most curious thing about these results is that an optimal portfolio for an 

Icelandic investor does not contain any domestic equity. This might sound surprising, but 

is logical because both the return and risk of Icelandic equity is worse than for the other 

three asset classes, and thus it is strongly dominated in terms of the Sharpe ratio. 

When the currency risk is unhedged, the portfolio should be split roughly 50-50 

between Icelandic and global assets (49% to Icelandic bonds, nothing towards Icelandic 

equity,  7% to global bonds and 44% to global equity). If the investor chooses to hedge 

currency risk, the weight given to domestic assets gets even lower; if the portfolio is fully 
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hedged only 44% of the portfolio should be invested domestically, but the highest ratio 

of global assets is when 70% of the currency risk is hedged, when only 27% should be 

invested in Icelandic assets. 

 

Exhibit 17: Optimal asset allocation for an Icelandic investor between domestic and global assets, for 
different values of the hedging ratio. 

 

Exhibit 18: Expected excess return, standard deviation and Sharpe ratio of an Icelandic investor’s efficient 
portfolio, for different values of the hedging ratio. 

Exhibit 18 plots the expected excess return, standard deviation and Sharpe ratio of the 

efficient portfolio corresponding to different values of the hedging ratio. The maximum 
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Sharpe ratio is reached when 60% of the currency risk is hedged – this portfolio is split 

into 28% Icelandic assets and 72% global assets, with an expected excess return of 5.0% 

and standard deviation 5.5%. 

5.7.2 United Kingdom 

Exhibit 19 shows the optimal allocation for a British investor between the four main asset 

classes, and Exhibit 20 sums up the pairs of bonds and equity for both domestic and global 

assets, and shows the total allocation into domestic and global assets. 

 

Exhibit 19: Optimal asset allocation for a British investor between four asset classes, for different values 
of the hedging ratio. 

Like in the Icelandic case above, the optimal portfolio for a British investor never 

includes domestic equity. Looking at the Sharpe ratios of the four available asset classes, 

UK equity has the lowest one by far at 0.14, but the Sharpe ratio of UK bonds, global 

bonds and global equity is 0.59, 0.30 and 0.44, respectively. Furthermore, UK equity is 

heavily correlated with global equity, and its correlation with domestic and global bonds 

is virtually zero, so including it in the portfolio does not provide enough risk reduction to 

offset the much lower Sharpe ratio. 

When the currency risk is not hedged, 55% should be allocated to domestic assets (all 

in domestic bonds), and 45% to global assets (18% to global bonds, and 27% to global 

equity). As you start hedging currency risk, the proportion of global assets grows until it 
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reaches its maximum when 50% of the currency risk is hedged. In this maximum, 60% 

should be allocated to global assets (38% and 22% to bonds and equity, respectively) and 

40% to domestic bonds. 

 

Exhibit 20: Optimal asset allocation for a British investor between domestic and global assets, for 
different values of the hedging ratio. 

 

Exhibit 21: Expected excess return, standard deviation and Sharpe ratio of a British investor’s efficient 
portfolio, for different values of the hedging ratio. 

When currency risk is fully hedged, 64% should be allocated to domestic assets 

(domestic bonds), and 36% to global assets (15% into bonds, 21% into equity). Exhibit 21 
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plots the expected excess return, standard deviation and Sharpe ratio of the efficient 

portfolio corresponding to different values of the hedging ratio. The maximum Sharpe 

ratio is reached when 40% of the currency risk is hedged – this portfolio is split into 41% 

British assets, 59% global assets, with an expected excess return of 4.85% and standard 

deviation 4.91%. 

5.7.3 Poland 

Exhibit 22 shows a Polish investor’s optimal allocation between the four main asset 

classes, and Exhibit 23 sums up the pairs of bonds and equity for both domestic and global 

assets, and shows the total allocation into domestic and global assets. 

 

Exhibit 22: Optimal asset allocation for a Polish investor between four asset classes, for different values 
of the hedging ratio. 

A similar pattern can be seen in the Polish results. As with both Iceland and the United 

Kingdom, domestic equity is never a part of the optimal portfolio because of its negative 

return over the data period. However, an optimal Polish portfolio contains more domestic 

bonds than in the other two countries. When currency risk is unhedged, 80% should be 

allocated to domestic bonds, 10% to global bonds and 10% to global equity. As more and 

more of the currency risk is hedged, the global portion of the portfolio grows larger, 

reaching its maximum at 63% when 70% of the currency risk is hedged (50% to global 

bonds, 13% to global equity and 37% to domestic bonds). When all the currency risk is 
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hedged, 29% should be allocated to global assets (22% to global bonds and 7% to global 

equity), and 71% to domestic assets. 

 

Exhibit 23: Optimal asset allocation for a Polish investor between domestic and global assets, for 
different values of the hedging ratio. 

 

Exhibit 24: Expected excess return, standard deviation and Sharpe ratio of a Polish investor’s efficient 
portfolio, for different values of the hedging ratio. 

Exhibit 24 plots the expected excess return, standard deviation and Sharpe ratio of the 

efficient portfolio corresponding to different values of the hedging ratio. The maximum 

Sharpe ratio of 0.99 is reached when 60% of the currency risk is hedged – this portfolio 
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contains 42% domestic bonds, 45% global bonds and 13% global equity. This portfolio has 

an expected excess return of 3.26% and standard deviation 3.29%. 

5.8 Direct comparison 
All nine graphs are combined in exhibit 25, for easier direct comparison. The colours and 

axes are the same as before. The first column shows Iceland, the second United Kingdom, 

and the third Poland. The first row shows the allocation between domestic bonds, 

domestic equity, global bonds and global equity, the second row shows the allocation 

between domestic assets and global assets, and the third row shows the portfolio excess 

return, standard deviation and Sharpe ratio. 

There are a few similarities between the three countries. First, the efficient portfolio 

never contains domestic equity, all the domestic portfolio allocation goes to domestic 

bonds. This does sound counter-intuitive, as domestic equity is usually a big part of 

investment portfolios, and equities should theoretically return more than bonds. 

However, equity is also risky, especially when an equity portfolio is insufficiently 

diversified, and the risk is not offset by adequately higher returns.  

The equity indices used to represent the domestic markets in this analysis contain only 

18 (Iceland), 20 (Poland) and 100 (United Kingdom) stocks. Even if it could be argued that 

using those small subsets of the available assets in the Polish and British markets can 

skew the risk of equity portfolios upwards, most investors hold fewer equities than that 

in their portfolios, and therefore domestic equity does not generally bring much 

diversification benefits.  

The Icelandic equity index is a more complete representation of the Icelandic stock 

market, as it contains all the stock market’s available assets. Yes, the Icelandic market 

consists of only 18 stocks (at the end of the data period). No matter how you diversify 

within such a small market, it is hard to see how it would be possible to achieve adequate 

diversification, especially considering that all the companies are vulnerable to the same 

few economic indicators, making the correlation between them high. It is clear that 

international diversification is essential to achieving a portfolio with a good reward-to-

risk ratio, investors’ home bias hinders them in reaching optimal results. 
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Exhibit 25: Direct comparison between the efficient asset allocation of Icelandic, British and Polish 
investors.  
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An overall pattern in the level of international assets is visible in all three countries. 

When none of the currency risk is hedged, the optimal allocation between 

domestic/global assets is not dissimilar: 49%/51% in Iceland, 80%/20% in Poland and 

55%/45% in the United Kingdom. As the investor starts hedging currency risk the 

allocation to domestic assets shrinks in all three countries, but it is convex, so it reaches 

a minimum before increasing again. This minimum is 27% for Iceland (at ℎ = 0.7), 37% 

for Poland (at ℎ = 0.7) and 40% for the UK (at ℎ = 0.5). 

If currency risk is fully hedged, an Icelandic, British and Polish investor should allocate 

44%/56%, 64%/36% and 71%/29% to domestic/global assets, respectively. 

5.9 The hedging ratio 
The question of what the hedging ratio should actually be is an interesting one. The 

currency risk an investor exposes themselves to by diversifying into global assets could 

potentially outweigh the positive risk-reducing effects of diversification.  

An analysis could be performed to determine the optimal hedging ratio more 

accurately. Ásgeir Daníelsson (2014) performs such an analysis in his working paper for 

the Central Bank of Iceland, Should Icelandic pension funds hedge currency risk in their 

foreign investments?, where he looks at the foreign asset portfolio of the Icelandic 

pension funds, using utility function analysis. His analysis looks at the foreign portion in 

isolation. 

His main results were that it is optimal to hedge all the portfolio’s currency risk if a) 

there is no cost associated with hedging, b) return on foreign assets is independent of 

changes in the exchange rate, and c) the investor’s utility is a function of the nominal 

value of the portfolio by the end of the holding period. However, if the return on foreign 

assets and exchange rate are not independent, and the investor’s utility is a function of 

the real value of the portfolio, the optimal hedging is less, much less. The optimal hedging 

ratio also depends on the behaviour of the exchange rate, if the exchange rate follows a 

stationary stochastic process it tends towards zero, but if it follows a random walk process 

hedging is optimal (Daníelsson, 2014). 

A full analysis to derive the optimal hedging ratio would require mean-variance utility 

analysis, and is heavily sensitive towards the investor’s level of risk aversion. This is 

theoretically intriguing but rather too abstract for this paper, so will not be delved into 
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deeper. The preceding analysis suggests that it is optimal to hedge currency risk to a 

certain extent, most of it but not all of it, because the Sharpe ratio of the portfolio is 

maximised when 50% to 70% of the currency risk is hedged looking at the data from the 

three countries. 

This rhymes with Daníelsson’s results. When looking at the correlation matrices for all 

three countries, the return on foreign assets and the exchange rate are far from being 

independent. The exchange rate is heavily negatively correlated with global assets, so the 

optimal hedging ratio should be below 1. 

5.10 Currency hedging in practice 
One important thing to consider in all this talk about currency hedging is the plausibility 

of being able to hedge foreign currency risk in practice. The Icelandic króna is a small 

currency, and if large investors such as the pensions funds increasingly start to move their 

assets abroad and hedge the currency risk, the effects on the exchange rate of the króna 

are unclear and deserve further investigation. 

There are more questions that could be looked into. Will there be enough inflow of 

currency from foreign investors to act against those effects? Will the pension funds be 

able to find counterparties for their foreign exchange forward contracts? Are there 

enough krónur in the economy to hedge this risk to the optimal extent? Those questions 

deserve deeper research than can be provided within this paper. 
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6 Conclusion and discussion 

Home bias is prevalent among the Icelandic pension funds, which are the biggest 

domestic investors in Icelandic financial markets. Historically they have invested too little 

of their funds abroad and missed out on benefits of international diversification. 

If currency risk is unhedged, it is optimal for an Icelandic investor to invest roughly half 

their portfolio outside Iceland. If the investor decides to hedge the foreign currency risk, 

partially or completely, the optimal weight of foreign assets grows even larger, reaching 

its maximum of 73% when 70% of currency risk is hedged. The maximum Sharpe ratio of 

the portfolio, excess returns given risk, is reached when the investor invests 72% of their 

assets abroad and hedges 60% of the currency risk. 

The efficient asset allocation of a British or Polish investor is not dissimilar to the 

Icelandic one, and the overall general result is that it is efficient to invest over half of your 

portfolio outside your country and hedge the foreign currency risk to a large extent. If 

relative Purchasing Power Parity holds in the long term, which it does when looking at 

very long-term returns over the entire 20th century, currency hedging is not of too much 

importance because short term fluctuations in nominal exchange rates even out over 

time when corrected by relative inflation rate, but for a shorter investment horizon 

foreign currency hedging helps to protect the portfolio value against currency 

fluctuations. 

The most curious insight that can be gained from this analysis is that adding domestic 

equity to your portfolio is not an efficient way to enhance returns nor decrease risk. In all 

three countries, the efficient portfolio never contains domestic equity. This might be 

explained to a certain extent by the data period used, 2005-2018, which is peculiar in 

some ways. It captures extreme returns in both directions in financial markets and 

includes the Global Financial Crisis (GFC). The data which is used in the asset allocation 

model assumes negative excess returns on Icelandic and Polish equity, and low excess 

returns on British equity compared to risk, so it is very logical for the results to be that 

nothing should be allocated to these assets. Using another time period in which equity 

returns are positive might give different results, probably by allocating more into 
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domestic assets (equity), and less into global assets. However, the GFC and its aftermath 

was a worldwide phenomenon, downturns happen from time to time and unless the 

investment period is very long term, it is important to take them into account. There is 

no reason to assume that equity returns in the UK and Poland over this period were any 

worse than in other countries around the world. The key fact remains, that market risk of 

domestic equity is high in countries that are only a small portion of the global equity 

market, and therefore it is important to manage this risk by investing abroad. 

There are many ways the results presented here could be elaborated upon, but the 

clearest result is that diversification is important, and needs to be thought of on an 

international scale. No matter how big or small your domestic economy might be, failing 

to think outside of that narrow box keeps the market risk of your portfolio higher than it 

needs to be, as well as the risk of the economy as a whole. All countries should benefit 

from open financial markets, welcoming domestic investment from foreign investors as 

well as encouraging domestic investors to invest abroad. 

Carefully diversifying your funds between equity in all publicly listed Icelandic 

companies in 2007 was, in hindsight, not a particularly useful risk management strategy. 

There is no reason to expect that basic principle to have changed. 
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