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Executive summary 

The objective of this thesis is to find the optimal portfolio of assets for the Icelandic pension 

sector and compare it to actual data for evaluation of the investment performance at a macro 

level. Three optimal portfolios are constructed for this purpose, following a mean variance 

optimization model by Jorion and Khoury (1996). These portfolios provide the foundation for 

answering our research questions. 

Our period of analysis was 10.5 years from January 1998 to June 2008 and additionally we 

covered the turbulent month of October 2008. The basis of the actual portfolio is a report on the 

Icelandic pension sector´s investments, issued monthly by the Central Bank in Iceland. The 

optimal portfolios were built on data acquired for monthly returns from equity and bond indices. 

For both the actual and optimal portfolios, the investments were categorized into four broad 

categories: international equities, domestic equities, domestic bonds and risk free assets. 

Furthermore, the optimal model also included two major currencies, the USD and the EUR, in 

order to answer our research question about the feasibility of hedging foreign positions.  

An overview of the Icelandic pension sector is presented, as well as illustrating the radical change 

in the pension funds´ investment strategy during the period of analysis. Recent catastrophic 

events in the Icelandic economy made it impossible to complete the thesis without a detailed 

coverage of the impact that the events had on the pension funds. As the domestic currency, the 

Icelandic krona (ISK), plays an important role for the pension funds´ foreign investments, we 

devote a chapter on its analysis, as well as hedging practices of the pension funds.  

A theoretical framework is introduced which is the backdrop for the calculation of three 

constrained optimal models: one ex ante or historical portfolio and two ex post or forward-

looking portfolios. From comparing the optimal models´ investment fractions to the actual 

portfolios, we were able to identify indications of suboptimal investments by the Icelandic 

pension sector. For the historical portfolio, an “equity preference bias” is detected in the actual 

allocations, as the optimal model recommends substantially less allocation into equity. This 

suggests that the Icelandic pension funds have adopted the equity asset class faster than can be 

rationalized by a mean variance analysis of historical returns.  
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The comparisons of our two forward-looking optimal portfolios to the actual loss incurred in 

October 2008 indicate that the pension funds were investing excessively in the local equity 

market. The riskiness of the domestic equity class was abruptly exposed in the events of October 

2008, when the local equity market collapsed. Our conclusion is thus that there is strong evidence 

for that the pension sector was holding relatively risky and undiversified portfolio by making 

large investments in domestic equities. From mean-variance optimization perspective, a wiser 

choice should have been to divert the investments into high yielding domestic bonds and 

diversify all equity holdings internationally. 
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1 Introduction 

1.1 Background 

Institutional investors such as mutual funds, pension funds and other sovereign funds have grown 

dramatically in size in developed countries over the past decades and in some cases their assets 

have even outgrown the GDP of their own country. The increased importance of institutional 

investors means that their management has more bearing on people´s lives, as their private 

savings are being managed by institutions to a larger extent. The return earned by institutional 

investors in capital markets thus has a large influence on the future wealth of almost every citizen 

in developed countries. 

Institutional investors are defined as financial institutions which manage savings collectively on 

the behalf of investors, towards a specific objective in terms of acceptable risk, return 

maximization and maturity of claims
1
. The reason for the existence of such institutions is that 

they are assumed to provide a better form of risk pooling than is possible by individuals, meaning 

they can have a more favorable trade-off between risk and return through the use of their 

investment expertise. In this context, institutional investors are believed to be able to process 

more information than individuals, and their ability to transact in larger volumes lowers the 

overall commission costs. As long as these benefits are sufficient to offset the administrative 

costs that they impose, the case for risk sharing of individual investors remains strong. 

A pension fund´s prime function is to invest contributions as optimally as possible, given the 

limitations of law and regulations. The process where these funds get invested in domestic and 

international capital markets is referred to as asset management. The objective of the pension 

funds´ asset management is to provide adequate returns on investments at an acceptable risk level 

to finance consumption needs of beneficiaries in retirement. In this thesis, we will focus on the 

asset management of Icelandic pension funds and investigate if their return performance can be 

measured by using a well-known theoretical mean-variance framework of portfolio selection. 

The globalization of financial markets over the last decades has created significant opportunities 

for pension funds to broaden the scope of their investments in terms of diversification. According 

to modern portfolio theory, this decision should be based on the risk and return on each market, 

as well as on correlations across markets. International diversification allows for lower portfolio 

                                                           
1
 Davis, E. P. and Steil, B. (2001) 
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risk without decreasing expected returns, given the lower correlation between equity returns 

across countries. Despite these benefits, research show that investments in domestic assets have a 

tendency to be larger than theory suggests
2
. In other words, assets are not always allocated as 

theory and best practices in the field recommend.  

The Icelandic pension sector has experienced enormous growth for the past two decades and now 

it plays a central role in preserving the savings of Icelanders. The funds have changed the 

composition of their portfolio considerably in the recent decade, following legal changes and 

development of a domestic financial market. They now invest considerably more overseas than a 

decade ago, although domestic assets are still predominant in the sector´s portfolio. In the 

subsequent chapters we will shed a light on the importance of diversification for investors in a 

relatively small and open economy. 

1.2 Research objectives 

The following research questions will be answered in our investigation of the Icelandic pension 

sector:  

1. What is the optimal portfolio of assets for the Icelandic pension sector according to 

mean-variance optimization, both from a historical perspective and when aiming for 

specific target returns? 

2. Is it optimal to hedge international assets of the pension sector?  

3. Can theory or other empirical findings explain the historical investment strategy 

practiced by the pension funds compared to a calculated optimal portfolio?  

4. How did the pension sector´s actual portfolio perform in the crisis month of October 

2008 compared to optimal target return portfolios, and what conclusions can be made 

on the riskiness and diversification of the sector´s investments in light of these events? 

According to the first research question, the main objective is to determine optimal portfolios for 

the Icelandic pension sector, both historically and when aiming for specific future target rate of 

returns. In addition, we investigate the feasibility of hedging international assets in foreign 

currencies for the pension funds. For the third research question, an optimal Sharpe portfolio will 

be compared to the pension funds´ actual average portfolio. The analysis gives insight into 

                                                           
2
 Jorion, P. and Khoury, S. J. (1996) 
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whether the funds´ assets are allocated as well as possible according to theory. Possible 

differences between the actual and optimal portfolio will be discussed, with the aim of finding the 

factors explaining why the pension funds managers chose a certain investment strategy. Lastly, 

recent turmoil in the Icelandic economy made it relevant to add an assessment of the effects of 

the Icelandic equity market crash in October 2008 on the pension sector´s portfolio. Therefore 

two different optimal target return portfolios will be compared to the sector´s actual result for the 

purpose of performance measurement. 

Before we embark on answering the research questions we provide the reader with a 

comprehensive overview of the Icelandic pension sector and its investments. This is necessary as 

each country has its own characteristics, which have an effect on the analysis and interpretation 

of results. For the same reasons it is important to introduce the Icelandic currency and its 

development. In addition, modern portfolio theory is reviewed as well as currency hedging 

practices to attain a holistic view of the pension funds´ investment landscape. 

1.3 Motivation 

The pension funds in Iceland control a large share of the wealth of Icelanders, or 128% of annual 

Gross Domestic Product (GDP) in 2007
3
. The future welfare of Icelandic pensioners´ rests on the 

success in investments of the pension sector. It is therefore essential that the funds exercise an 

investment strategy in accordance with both modern portfolio theory and the framework set by 

the legislative authorities. In this context we find it important to analyse whether the Icelandic 

pension funds allocate their funds as optimally as possible, both from a historical and forward 

looking perspective. Moreover, we have not come across a similar research which is applied to 

the Icelandic pension sector which made this subject more intriguing. 

1.4 Delimitations 

In order to answer the research questions and keep the focus throughout the thesis, some limits to 

the scope of the thesis must be drawn.  

1.4.1 Data  

Six asset classes will be used when finding the optimal portfolio: international and domestic 

equities, domestic bonds, the US and EU money markets and risk free assets. The data that we 

                                                           
3
 Source: OECD Global Pension Statistics database. 
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use for the actual portfolio is divided beforehand into 18 asset classes, which is different from the 

six fold division we use, meaning we have to make some assumptions for our classification. One 

of the 18 available asset classes is mutual funds, i.e. mixed equity and bond funds. As it is not 

disclosed how much of this class is invested in equities and how much is invested in bonds, we 

assume that mutual funds are 100% composed of equities. The reason for this assessment is that 

the mutual funds are categorized under a larger class “Securities with variable incomes”, which 

strongly indicates that the mutual funds are dominated by the equity asset class. 

International bonds have historically only been a small fraction, between 0.19% and 1.82%, of 

the Icelandic pension funds´ total investments
4
. The reason for such a small allocation to this 

asset class can be attributed to low foreign bond returns in ISK compared to other asset classes. It 

is expected a priory that introducing international bonds will have negligible effects on the 

optimal international asset allocation. We have thus decided to exclude this asset class in the 

optimal portfolio calculations.  

Domestic and international equity indices and a domestic bond index, which are used to build the 

optimal portfolios, cannot represent all different assets in the sector´s actual portfolio. These 

indices should be diverse enough to represent the trends in those markets and they tend to 

average out much of the variance from individual equities. If we were instead to select individual 

equities and bonds for the optimal portfolios we would not be able to accurately represent or 

capture the actual investments without adding too much complexity to the research. Therefore we 

find the use of indices as a proxy for the funds´ investments to be the best solution.  

The data we use to build the optimal portfolio spans 10.5 years, from January 1998 to July 2008
5
, 

as time series for all asset classes we use were not available for a longer period. This period does 

not include many business cycles and was characterized by turbulent markets. Our investigation 

does not include prediction on how returns on these markets will be in the future or whether they 

will resemble our period of analysis. One needs to be aware of this in the forward looking or ex-

ante portfolios. In that case, the portfolios calculated in this thesis represent the optimal asset 

                                                           
4
 Own calculations built on data from the Central Bank of Iceland. 

5
 Our research period ends in June 2008, but to capture returns in that month, we need data for July 2008 as well. 

Thus we either refer to the last month of the research period being June or July 2008, depending on whether we 

are discussing time series of index values or returns. 



Optimal Portfolio Investments of the Icelandic Pension Sector 

10 

 

allocations based on historical returns and expectations of target returns, without taking any 

statistical analysis of possible future returns into account. 

1.4.2 Theoretical model 

The model we use to find the optimal portfolios is based on the mean-variance approach. It 

employs the moments of mean and the standard deviation, which are not the only important 

properties when determining an optimal portfolio. Taking the level of complexity, as well as 

space constraints into account, we find this model best suitable for our research.  

1.4.3 Risk aversion and returns 

Identifying optimal portfolios requires a relevant level of risk aversion. In this research we will 

only use one fixed risk aversion level for all pension funds in the optimal, or benchmark, 

portfolios. Additionally, we do not assume any transactions costs, taxes or tax benefits on 

domestic or international assets as the added complexity would not serve the goals of this 

investigation.  

When discussing returns we always refer to nominal returns, but not real ones. This has its 

drawbacks because inflation rates are historically much higher in Iceland than abroad, thereby 

distorting domestic and international comparison of for example returns and Sharpe ratios. The 

reader needs to be aware of this in all comparisons throughout the thesis. 

1.4.4 The pension sector 

The pension sector was chosen as an empirical source as it has readily available information and 

represents one of the largest groups of investors in Iceland. The sector is composed of a number 

of pension funds which operate individually and do not take collective decisions. However, we 

analyse them at a macro level which does not directly reflect the investment decisions of 

individual funds. We impose this limitation to be able to draw general conclusions about the 

pension sector as a whole, although we are aware that the sector does not behave as a single 

entity in reality. We refer interchangeably to the sector and the funds, meaning the same group of 

investors. In some cases we will infer about the pension sector as a whole by looking at the 3 

largest pension funds which control nearly 50% of the pension sector assets
6
. 

                                                           
6
 The 3 largest funds LSR, Live and Gildi, each held assets worth 238 to 316 billion ISK (2.6 to 3.5 billion EUR*) at the 

end of 2007, which together amounted to close to 50% of the net assets of the sector. The rest of the funds are 
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The funds are regulated by the legislative power and supervised by the Financial Supervisory 

Authority (FSA), thus their investments do not represent the average Icelandic investor. The legal 

conditions concerning the sector will be applied to the optimal model by the use of Solver in 

Excel. The constraints are specific to the Icelandic case and the restricted model is therefore only 

optimal for investors which are governed by the same law.  

1.4.5 Currency hedging 

For hedging practices in the optimal portfolio we will only use the two major currencies of the 

world, the USD and the EUR, as the funds invest mostly in international assets denominated in 

these assets. Information in the annual reports of the largest pension funds in section 1.4.4 on 

hedging practices is limited and only one fund gives detailed information of amounts hedged. We 

will therefore use this information as a maximum limit when determining how large fraction of 

international assets is allowed to hedge in the optimal portfolios. Costs of hedging are not 

included in the study, for the sake of simplicity, although we acknowledge that it is costly to 

hedge a small currency like the ISK. 

1.5 Structure of the thesis 

In chapter 2 we introduce the Icelandic pension sector, its history, growth and structure. We make 

comparisons to other OECD countries to further illustrate the characteristics of the Icelandic 

sector. The legal environment which sets boundaries for the pension funds´ investments is 

described and we look at the development in the funds´ asset allocations. Lastly, we cover the 

subject of setting a long term investment strategy.  

Chapter 3 is devoted to the development of the financial crisis late 2008, with a particular focus 

on the effects on the Icelandic pension funds. In October 2008 the Icelandic equity market 

crashed following nationalization of all the main banks. Additionally, the currency depreciated 

significantly. We also briefly talk about the current state of the economy and the uncertainty that 

surrounds the pension funds´ investments. 

                                                                                                                                                                                            

referred to as the smaller funds, holdings assets ranging from 71 to 96 billion ISK (0.8 to 1.1 billion EUR) in 2007 

(Own calculations based on data from the Icelandic Pension Funds Association (IPFA)). *We convert figures in ISK to 

EUR throughout the thesis; at the exchange rate in the month the figures are for. See appendix 5.9 for the relevant 

exchange rates and calculations behind the conversions. 
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In chapter 4 we look at modern portfolio theory with a focus on the aspects of international 

diversification. We discuss different types of risk, the capital asset pricing model and its 

international version. Finally we describe the model by Jorion and Khoury, which will be used 

when finding the optimal portfolios. This is followed by chapter 5 on currency hedging and the 

ISK. There we present the development of the exchange rate of the ISK and the effects of its 

volatility on international returns. Hedging strategies and techniques will also be discussed and 

an analysis made on hedging practices of Icelandic pension funds. We thus find an appropriate 

hedging fraction for the optimal portfolio. 

The actual portfolio of the Icelandic pension sector is illustrated in chapter 6. We introduce the 

collected data for their historical investments and how assets have been allocated during the last 

decade. The average actual portfolio is also presented, which will be compared to optimal 

portfolios. Chapter 7 is dedicated to the optimal portfolios. Firstly, the data which we use and its 

statistical properties are described and secondly, several versions of the optimal model are 

presented, each suggesting a certain asset allocation for the pension funds. The first version 

includes a model without restrictions, while legal constraints are imposed in the second one. In 

the second version we find the ex ante or historical optimal Sharpe portfolio and then we build 

two ex post or forward-looking portfolios based on different target returns. These two ex post 

portfolios depend on fund managers´ future expectations of the economy. Lastly, we make 

several robustness tests, where the research period is divided into four sub-periods to analyse the 

effects of the period we have chosen for our analysis on our results. 

We analyse whether the pension funds have arranged their investments in the past in accordance 

with mean-variance optimization in chapter 8, i.e. we make a comparison of the historical 

average portfolio of the pension sector and an optimal Sharpe portfolio. We include a detailed 

theoretical discussion on factors that could have caused the observed asset allocation of the 

sector. In chapter 9 we assess the performance of two optimal target return portfolios during the 

October 2008 equity market crash in Iceland compared to the sector´s actual performance. To 

further value the performance of the Icelandic sector we look at how other pension sectors in the 

world fared in 2008. The thesis is finalized in chapter 10, where we reach a conclusion and 

answer the research questions.  
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2 The Icelandic pension sector 

In this chapter we focus on analysing the development of the Icelandic pension sector. We start 

by providing a brief history of the Icelandic pension funds, followed by an illustration of the 

growth of the pension sector. Next we introduce the overall structure of the pension system today, 

describe the demographics of the Icelandic population, and then discuss the distinctive features of 

the pension system in an OECD comparison. We continue by analysing the funds´ investments in 

domestic bonds and domestic and international equities, as well as examining returns on these 

asset classes. In addition we make a cross-country comparison of international equity investments 

of the pension funds. Moreover, the legal environment which sets the boundaries for the pension 

funds investments is discussed. Lastly, we take a look at theories on long term investment 

strategy, and discuss how they could apply to pension funds.  

2.1 A brief history of the Icelandic pension funds  

The pension sector in Iceland has gone through significant reforms since it was first established 

in the 1950s. Already in the late 1960s public pensions had shrunken greatly as a result of 

inflation and economic recession. This led to the decision to transform from collective 

agreements between partners in the labor market to fully funded pension funds. The funds grew 

very slowly in the 1960s and 1970s because the base for contributions was limited and returns on 

assets were poor
7
. Their investments were only in domestic bonds, more particularly in 

government guaranteed bonds, housing bonds and loan to members
8
. Furthermore, real interest 

rates were often negative both due to high inflation and regulations on maximum interest rates
9
. 

It is thus clear that pension funds were quite unsuccessful to begin with. However, three major 

structural reforms of the pension and financial system were made in the following years, which 

contributed greatly to the growth of the sector. The first change was made in 1974 when 

membership of occupational pension funds was made compulsory for wage earners
10

. This is 

early in an OECD comparison and many member countries have not gone in this direction
11

. 

                                                           
7
 Gudmundsson, M. (2003) 

8
 Central Bank of Iceland (2008a) 

9
 Gudmundsson, M. (2003) 

10
 Ibid 

11
 Lindeman, D. and Yermo, J. (2007) 



Optimal Portfolio Investments of the Icelandic Pension Sector 

14 

 

The second change, which was introduced in 1979, was an attempt to deal with the rapid post-

war inflation. It involved a near-comprehensive financial indexation of bonds, which prevents 

deterioration of real returns on investments
12

. This meant that bond investments by the pension 

funds were now protected against the ravages of inflation. For example, the inflation rate in 

Iceland increased by 103% between August 1982 and August 1983
13

. As a consequence of the 

indexation the pension fund assets did not lose their value by this percentage, but on the contrary 

they rose by it. The indexation transfers inflation risk from bond owners to bond lenders, which 

in many cases are Icelandic house owners. The financial indexation is still in force and the 

Central Bank´s monetary policy has been rather ineffective to control high inflation rates, 

although the inflation rate has been significantly lower during the last decade. 

The third change that helped facilitating the growth of the pension sector was deregulation of 

domestic interest rates by the Central Bank in 1984
14

. As a result, the many bond investments of 

the pension funds bear normal market rates. These changes combined explain why pension funds 

assets rapidly increased in the years that followed, or on average 14% per year in the 1980s and 

1990s
15

. The changes also partly explain why the savings of Icelanders are to a large extent in 

pension fund assets and that they are thus greatly depended on them. 

2.2 The growth of the Icelandic pension sector 

The pension funds in Iceland have become increasingly important as the nation´s main source of 

savings, and now they serve a fundamental role in the economy.  

 
                                                           
12

 Jonsson, B. B. (1999) 
13

 Magnusson, G. (2007) 
14

 Ibid 
15

 Gudmundsson, M. (2003) 
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Figure 2.1: Pension fund assets as a percentage of GDP from 1990 to 2007 

Source: Own contribution
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The funds asset-to-GDP ratios have grown enormously for the past decades, going from 30% of 

GDP in 1990 to 133% in 2007, see figure 2.1. The assets of the pension sector were estimated at 

21% of the size of the Icelandic credit system in 2007. At that time, the funds held 43% of the 

stock of housing bonds and 21% of marketable bonds. International investments of the pension 

sector are also significant in terms of the national economy and accounted for 27% of total 

foreign portfolio assets of Icelanders in 2007
16

. Actually the magnitude of the funds´ assets is so 

great that it has an influence on the risk profile of the country´s foreign balance sheet. The 

pension funds foreign transactions can even be large enough to have an effect on the exchange 

rate of the ISK, at least in the short run
17

. 

2.3 The structure of the Icelandic pension system 

The pension sector in Iceland was composed of 31 pension funds at the end of 2007. The number 

has reduced significantly through mergers and closures and gone down from 90 funds in the last 

25 years
18

. The size of many of the funds has thus increased greatly. The average fund held assets 

of 51 billion ISK (0.6 billion EUR) at the end of 2007
19

. 

The Icelandic pension system is increasingly meeting the criteria of a three-pillar system, which 

is recommended by the World Bank and considered international best practice in the field
20

. The 

World Bank suggests that financial security for old people and economic growth of a country is 

best served if its government develops this system. By spreading the insurance function across all 

three pillars, it offers greater income security than any single system
21

.  

In Iceland, the first pillar is a fully tax-financed public plan providing a basic pension, not 

affected by payments received from other sources
22

. This public pillar thus serves as a minimum 

pension guarantee. As it is backed by the government´s power of taxation, it can coinsure against 

low investment returns, recession, inflation and market failures
23

.  
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The second pillar is a mandatory occupational funded pension scheme that provides lifelong 

retirement
24

. This is to allow the retiree to obtain certain wealth and thus keep his living standard 

in retirement. In Iceland, all employees and self-employed people are obliged to contribute at 

least 4% of their salaries to pension funds and additionally their employers contribute 8%
25

. 

These contributions are tax deductible but pension benefits are taxed when received, by the going 

income tax percentage in the future.  

The third pillar is a voluntary private pension saving scheme with tax incentives. Many people 

use this to top their pension from the other pillars to maintain their consumption level at later 

stages in life or because they disbelieve the first pillars future existence
26

. The third pillar pension 

assets have increased significantly during the last 10 years as more than 60% of wage earners in 

Iceland are currently paying into this scheme
27

. These additional savings are beneficial to future 

pensioners since a relatively low private savings rate has been an endemic problem and Icelandic 

households are among the most indebted ones in the OECD countries
28

. The net wealth of 

Icelandic households is in line within the G7 countries if pension fund assets are included, but 

lower if they are excluded
29

.  

2.4 Demographics of the Icelandic population 

As a result of a steady increase in life-expectancy and an overall decline in fertility rates, the 

developed countries have had fewer workers to support retirees
30

. This means that people have to 

save more during their working years to ensure their financial security in retirement
31

. The 

demographics in Iceland differ from other developed countries in three main factors. 

Firstly, the Icelandic population is relatively young. The old age dependency ratio, which is the 

ratio of the population over 65 years old to the population between 15 and 64 years old, was 

19.4% in 2007, compared to 24.7% within the European Union. This makes the challenge of 

providing old people an adequate pension not as imminent. Secondly, the labor participation rate 
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of elderly people is quite high, as over 30% of people over retirement age work to some extent
32

. 

This is partly based on tradition and partly because unemployment has usually been low in 

Iceland. In addition, the pension system does not give incentives for early retirement
33

. Thirdly, 

the average effective retirement age is relatively high, 67 years, compared to 62 years in both 

Denmark and Germany
34

. These factors contribute to lower the burden on both the private and 

public pension system in Iceland and thereby increase people´s financial security in retirement. 

2.5 A comparison to other OECD countries 

The pension systems of OECD countries are structured in different ways. Pension funds can 

generally be divided into two types: defined contribution and defined benefit funds.  In defined 

contribution funds, returns to members are purely dependent on the development of the market, 

while defined benefit funds typically feature a guarantee of a certain return by the sponsor
35

. The 

Icelandic pension funds all belong to the defined contribution category. 

The OECD makes several kinds of comparisons of pension sectors between member countries. 

Here we will look at two of these comparisons, first the replacement rate and second the size of 

the pension sector across countries. The reason why we choose them is that the replacement rate 

can be used to judge the adequacy of social security payments
36

, and the size tells us how 

important the pension funds are for the nation´s overall savings for retirement.  

The replacement rate is the ratio of a population´s average pension and its average income. The 

rate varies substantially between OECD countries, as can be seen in figure 2.2. 
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The current mandatory pension contributions within the OECD countries entitle an individual on 

average 59% of his earnings in retirement pension, given full career. The rate is lowest for the 

UK, 31%, and highest for Greece, 96%. That means that Britons receive less than third of their 

annual earnings in annual retirement pension from the social security system, while Greeks´ 

earnings are almost fully replaced in their old age. The rate is 78% for Iceland, the smallest 

country within the OECD, which is well above the overall average. However, the replacement 

rate stemming from the public pension system is very low in Iceland, only 9.2% of GDP in 

2007
37

, the majority contributed by the private occupational funded pension funds. 

The second comparison concerns the size of the pension sector across countries, measured as a 

percentage of their annual GDP. We use OECD figures from 2006 as they are the most recent 

ones available, see figure 2.3. 
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Interestingly, the Icelandic pension sector had the highest asset-to-GDP-ratio of all the OECD 

countries, highlighting the fundamental role that the pension funds play in the Icelandic economy. 

Overall, the Icelandic pension fund market can be considered one of the most mature in an OECD 

comparison with an asset-to-GDP-ratio of 132.7%, which is almost double the OECD average 

weighted ratio of 72.5%. 

The regulation of occupational pension plans has played a key role in the development of the 

Icelandic pension market. The fact that subscription to pension plans have been made mandatory 

by law in Switzerland and Iceland (and quasi-mandatory in the Netherlands, required by labor 

contracts), helps to explain the high asset-to-GDP-ratio seen in these countries. According to 

OECD, the workforce coverage of occupational pension plans was over 90% in the Nordic 

countries as well as in the Netherlands and Switzerland in 2006
38

. 

When making cross-country pension sector comparisons, one has to keep in mind that the 

structure of pension systems can be very different. For example, countries with low asset-to-

GDP-ratios like Italy, Poland and Spain generally have the most generous mandatory state 

pension benefits, including social security.
 
In comparison, state provision in Iceland is relatively 
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low, amounting to 15% of average earnings of workers
39

. Thus, in countries where the public 

income replacement rate is high, the private pension funds are generally less developed
40

. 

2.6 Investments in the domestic bond market 

The bond market in Iceland has undergone major changes in recent decades. The government 

used to be the only bond issuer but with the financial liberation in the 1990s, financial 

institutions, municipalities and corporations entered this market. The largest issuers are the 

Housing Financing Fund (HFF), which owns housing bonds and HFF bonds
41

, and the National 

Debt Management Agency (NDMA), which owns T-bonds, T-bills and T-notes. Their issuances 

comprise 50% of the market and are guaranteed by the government. Corporate bonds are the 

second largest group and represent 23% of the total market value
42

. 

The bond market counts for one third of the Icelandic financial market and plays a large role in 

interest rate formation. A distinctive characteristic of the Icelandic market is that inflation-linked 

bonds measure 80% of the value of listed bonds. The market has grown rapidly in recent years 

because of increased issuances of indexed bonds, predominantly after the real estate market 

began to take off in 1999. In fact, the bond market´s growth was on average 25% per year during 

the research period, and the value of the market measured 116% of the country’s GDP in 2006
43

.  

Domestic bonds have historically accounted for a dominant share of the Icelandic pension 

sector´s investments and they have on average been 55% of their total portfolio during the past 

10.5 years
44

. Figure 2.4 shows the development of bonds in the sector´s portfolio. 
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The presence of domestic bonds in the funds´ portfolios is significant and their bond investments 

have steadily increased during the period of analysis, from 289 to 847 billion ISK (3.6 to 6.8 

billion EUR), parallel to the size increase of the pension sector. The bonds share in the sector´s 

portfolio has tough been decreasing as can be seen in the figure, from 72% in 1998 to 48% in 

2008. The share was lowest in 2006, 44%, when equity prices were at their peak. In the figure we 

present all domestic bonds, both those we classify as risk free assets, being central government 

bonds, municipalities bonds and specific bank deposits, and all other fixed income securities.  

Annual returns on domestic bonds have been quite high during the period of analysis, although 

volatile, with an average of 9%. The development can be seen in figure 2.5. 

 

Returns on bonds were high from 1998 to 2004 with an exception in 2000 when they were 

negative. It can be seen that from 2001 to 2004 the returns on bonds were very favorable while 

rates in many neighboring countries were low by historical standards
45

. One has to be aware of 

that these are returns on a selected 10 year index, which is comprised of bonds with duration of 
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4.5 to 15.15 years
46

, but not bonds with longer durations, which are most likely also in the 

possession of the pension sector. 

The sharp fall in bond returns in 2005 can be explained by major changes in the Icelandic 

mortgage market, affecting the bond market. In that year, the main banks engaged in direct 

competition with the state-run HFF. The HFF responded by enhancing its mortgage financing and 

extending general lending limits. This was financed by new HFF bonds, issued to international 

capital markets. As a result, overall mortgage lending rose by 63% in 2004 and real mortgage 

rates declined substantially
47

, as can be seen in the years after 2004 in the figure.  

2.7 Investments in the domestic equity market 

The Icelandic equity market developed very late, both in an international and Nordic comparison. 

One reason is that the majority of domestic banks and firms were publicly owned. It was not until 

in the beginning of the 1990s that the first state owned entities were privatized and subsequently 

listed on the Icelandic Stock Exchange
48

.  

At the end of 2007, the funds´ share in domestic equities accounted for 10% of the size of the 

market
49

. Because of extensive cross-ownership of listed companies, this figure might be 

underestimated
50

. Historically, the financial industry has comprised a large proportion of the 

Icelandic equity market. In June 2008, financial institutions accounted for 80% of the OMX 

Iceland equity index, which is much higher share than in comparable indices abroad. For 

example, the market capitalization of the largest bank in Iceland, Kaupthing Bank, was 16% of 

the total market capitalization in 2008
51

.
 
The the size of the financial sector in the domestic stock 

index had thus gradually overshadowed the more traditional industries in Iceland such as fishing 

and aluminium production. This lack of diversification made the returns on the market extremely 

exposed to turbulences in financial markets. The equity market in Iceland was hit extremely hard 

in that financial crisis and had already fallen by more than 50% in one year in June 2008. In 

comparison, the Danish equity market is estimated to have dropped by 15% during the same 
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period and the German market by 19%
52

. This example illustrates the volatility of the Icelandic 

equity market in contrast to more moderate adjustments of more diversified markets. 

The annual development of the funds´ investments in domestic equities as a fraction of their total 

portfolios, from 1998 to 2008, is shown in figure 2.6.  

 

The funds´ share in domestic equities out of their total portfolio has ballooned from 13% in 1998 

to 25% in 2006. This can to a large extent be attributed to extreme changes in domestic equity 

prices in 1999 and from 2003 to 2005. Figure 2.7 shows the annual return in the domestic equity 

market, both for the OMX Iceland portfolio index and the average of the main pension funds
53

.  

 

Return on the index and the average return of pension funds´ investments in domestic equities 

were similar during the period. During the period the index yielded 20% on average, while the 
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largest funds´ average was 25%, meaning the funds outperformed the index in the given period. 

In 1999 and again from 2003 to 2005 returns were very high, making investments in domestic 

equities very attractive. However, the market has also yielded negative returns in two periods, 

first in 2000 to 2001 and then in 2007 to 2008.  

When looking at figures 2.6 and 2.7 together we notice close correlation when the returns are 

negative. The funds´ share in domestic equities normally decrease in the same time periods as the 

returns on the market has been negative. However, in the periods of extremely high returns we 

only see substantial increase in 1999, during the booming period of 2002 to 2005, the fraction in 

domestic equities merely increased from 19% to 24%. This indicates that the pension funds 

diverted the extreme gains from domestic equities into other assets during the period rather than 

reinvesting in the equity market. Unfortunately, there is no data available on the total gains that 

were realized by selling domestic equities, but it can be assumed that these were substantial 

amounts and contributed greatly to the growth of the pension sector during the period.
54

   

It is clear from the above analysis that the Icelandic pension funds have invested a substantial 

share of their portfolio in the domestic equity market. Financial institutions account for large 

portion of the market, making it poorly diversified. The annual returns of the largest pension 

funds´ were on average 25% from 1998 to 2008, but at the same time the returns were subject to 

significant variance, indicating the riskiness of this asset class. 

2.8 Investments in the international equity market 

Capital mobility to and from Iceland has been subject to strong restrictions ever since the Second 

World War. Icelanders were not allowed to open foreign bank accounts and could not buy foreign 

currencies to purchase international securities. This applied to individuals as well as institutional 

investors. It was not until the EEA contract came into force in 1994 that free capital mobility was 

permitted. An interbank market for foreign exchange was also first opened at that time. In the 

beginning Icelandic pension funds were careful in their foreign investments and by January 1998 
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their international equities amounted to 7% of their net total assets
55

, or 25 billion ISK (0.3 

billion EUR) of the sector´s portfolio of 318 billion ISK (4.0 billion EUR)
56

.  

Before looking at the development of the pension sector´s investments in international equities 

during the last decade we briefly review several direct and indirect factors which affect 

accumulated holdings in international equities. The direct factors are net investments in equities, 

equity price changes and the exchange rate of the domestic currency into which the foreign 

investments are converted. Due to volatility of the ISK, it has a relatively larger impact on the 

fractions compared to pension funds that operate in larger currencies. Indirect effects on the 

sector´s share in international equities result from developments of other assets in the portfolio. 

 

Figure 2.8 reveals a clear trend in favor of international equities during the decade, increasing 

from 11% to 28% of total assets of the pension funds. The growth has not been continuous, the 

primary reason being sharp decline of asset prices in international markets in 2000 to 2002. 

Furthermore, fluctuations in the ISK after it were set to float in 2001 influences the value of 

international investments, as will be discussed further in chapter 5.1.  

Figure 2.9 shows both how returns on the MSCI ACWI have evolved over the last decade, as 

well as returns on international equity investments of the Icelandic pension sector. 
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Figure 2.8: International equities as a percentage of the pension sectors´ portfolio. 
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Annual returns on the international equity market in ISK have fluctuated greatly during the 

period, showing an annual standard deviation of 17.02%. The average return from 1998 to 2007 

is 7% for the MSCI ACWI and 5% for the pension sector´s investments, meaning the sector´s 

international equities underperformed the world index during the period. 

When fractions in international equities are examined together with the pension funds´ returns in 

ISK, it is evident that a strong relationship exists. From 1998 to 2000 the funds invested in 

international equities to a great extent, which together with an average return of 15% for these 

years contributed to the doubling of the ratio of international equities from 11 to 22% of total 

assets. The sector´s total assets had increased to 566 billion ISK (7.2 billion EUR) at the end of 

2000, thus a 22% share means that international equities amounted to 125 billion ISK (1.6 billion 

EUR)
57

. Their value had thus quintupled from being 25 billion ISK (0.3 billion EUR) in 1998.  

The burst of the dot-com bubble and terrorist attacks on America in the beginning of the 21
st
 

century slowed down growth in pension assets as funds were hit by negative returns on foreign 

markets. This brought the share in international equities down to 15% of the total pension fund 

assets in 2002. General optimism prevailed on international markets from 2003 to 2006 and the 

price of equities rose considerably again. At the same time the ISK was in a strengthening phase, 

making purchases of foreign securities relatively cheaper. The appreciation of the ISK brought 

the returns down, for example in 2004 the foreign returns became slightly negative, although the 

MSCI ACWI yielded a positive return of 13% in USD. The Icelandic pension funds increased 

their holding in international equities during this period. As a result, international equities 
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amounted to 419 billion ISK (4.4 billion EUR) at the end of 2006, equivalent to a 28% share of 

the sector´s total assets of 1.496 billion ISK (15.8 billion EUR). 

The financial crisis which began in 2007 has changed global financial markets enormously. 

Returns on equities have fallen greatly as investors have become more risk averse. Nevertheless, 

the fraction of international assets remained approximately the same level from 2006 to 2008. 

The reason is indirect effects of decreased value of domestic equities, and the ISK depreciated 

significantly in 2008, increasing the worth of foreign assets. 

From this overview we see that the Icelandic pension funds have gradually increased their 

international equity holdings, which are now approximately one third of their portfolio. The 

instability of the ISK, after it was set to float, has had a great impact on the return of the foreign 

assets. The subject of the next sections is to find out whether the current level in this asset class is 

optimal, considering legal restrictions and long term investment strategy, or whether modern 

portfolio theory proposes another fraction. 

2.9 A cross-country comparison of equity investments 

A cross-country comparison of international equity investments by pension funds puts the 

diversification strategy in perspective. Figure 2.10 presents allocation in international equities of 

pension sectors in eight countries. 

 

The figure shows to what extent the pension sector in each country has chosen to diversify its 

portfolio internationally, the lowest allocation being in the US, 15%, and the highest in the 

Netherlands, 43%. The Icelandic pension sector diversified 24% of its portfolio into investments 

overseas in 2005, positioning Icelandic funds with similar allocation to foreign equities as 

Canadian and Australian funds.  
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Figure 2.10: Fraction of international equities in pension fund portfolios in 2005
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While this comparison indicates that the Icelandic funds have been moderately diversified 

compared to investments of pension funds in other developed countries, the economies of the 

other seven countries are obviously a great deal larger than the Icelandic economy. Even the 

Dutch economy which is closest to the size of the Icelandic economy is many times larger
58

. 

These comparisons therefore have to be taken with a grain of salt, but there are nevertheless 

important observations that can be made. 

We have previously seen that the importance of the pension sector relative to the size of the 

economy is similar in Iceland and the Netherlands (figure 2.2). However, the Dutch pension 

funds have almost double as much allocated in foreign equity compared to their Icelandic 

counterparts. Part of the explanation may be that the Netherlands have stronger ties to the 

European equity market and as a part of EMU do not bear currency risk of its European 

investments. This becomes even clearer if we compare how pension funds in individual countries 

divide their investment between foreign and domestic equities, as shown in figure 2.11. 

 

Although the Icelandic pension funds diversify the equity asset class in similar levels as UK, 

Canada and Australia, their domestic stock market far larger and more diversified than the 

Icelandic equity market. However, similar to the Icelandic stock market, the Dutch domestic 

stock market is rather poorly diversified, being dominated by a small number of large 

companies.
59

 The Dutch pension funds thus share two important characteristics with the Icelandic 

pension funds, namely, the size of the pension sector relative to GDP, and the nature of the 
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domestic stock market. In light of these similarities, the fact that the Netherlands has the greatest 

equity asset class diversification, or 88%, compared to only about 50% in Iceland, 

unquestionably shows signs of too low diversification in the Icelandic pension fund equity 

investments. Despite the size differences between the economies and currency issues, we 

conclude a priori, that the Icelandic pension funds have room for improvement in equity 

diversification.  

2.10 The legal environment 

The pension funds in Iceland are privately managed but are subject to government regulation. 

The funds´ legal environment is set by Act No. 129/1997 on the Mandatory Guarantee of Pension 

Rights and the Operation of Pension Funds. The aim of the law is primarily to limit the pension 

funds exposure, for example by placing a limit on the proportion which the funds can invest 

overseas. At the same time, there may be other reasons why the funds are forced to keep a 

significant part of their investments at home, such as to stabilize the macro-economy or to 

develop the capital market. In this context, it should be noted that the funds play a central role in 

the domestic bond market, supplying 43% of the demand for long term housing bonds in 2007
60

 

and had a 10% share of the domestic equity market at the end of 2007. Furthermore, the 

government may want to protect the ISK by limiting capital outflow by the pension funds. 

In table 2.1 we examine the 36
th

 paragraph of law to identify the limitations on the funds´ 

investments. In addition, we look at how the law has changed in recent years to be able to 

evaluate if it has had an effect on the funds´ investments. 

Table 2.1: Limits to Icelandic pension funds investments according to Act No. 129/1997 

# Article Description 

36(1) Investment decisions should be made according to “prudent person rule”. 

36(4) Share in equities, mutual funds and investment funds cannot exceed 50% of net assets. 
Established in 2000. However, as of 2006 the funds were allowed to hold 60% in equities. 

36(5) Investments in individual equities cannot exceed 15% of net assets and for investments in 
individual equity funds the limit is 25%. 

36(6) The funds´ must limit their risk in foreign currencies to 50% of net assets. This limit was changed 
from 40% in 2000. 

Source: Own contribution built on data from the Parliament of Iceland (Althingi Islands). 
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According to article 36(1) the “prudent person rule” must be applied to investments, which means 

that funds cannot take excessive risks to boost performance. This rule is often seen in countries 

where there is no restriction on foreign investment as in the US, the UK, the Netherlands and 

Japan. This type of restriction generally requires a high degree of transparency of institutions, 

strict supervisory control of investor malpractice and robust self-regulatory bodies
61

. 

The maximum ratio in equities is 60% in Iceland, compared to 50% in Denmark. Investments in 

the ISK have to be 50% at minimum, compared to a 40% restriction in the domestic currency for 

Danish funds in addition to 80% minimum requirement in currencies within the EU
62

. Current 

international investments of Icelandic funds are not close to the 50% limit, as was seen in figure 

2.8. The figure also shows that such investments were also far from the 40% limit which was in 

force until 2000. Many OECD countries have tighter limitations on international investments, 

such as Germany where foreign currencies cannot exceed 20% of pension fund investments63. 

The requirements for domestic stock diversification (Art. 36(5)) are not strict in the Icelandic law 

compared for example to the Danish law. In Iceland the pension funds can invest 15% in the 

same company, while the maximum for Danish pension funds is 2% and 3% if the company is of 

a certain size
64

. The Danish law therefore better insures that the pension funds´ portfolios are 

only exposed to systematic risk.  

Lastly, it is important to notice that the law does not impose a minimum return requirement on 

the Icelandic pension fund investments. This varies greatly in the law of individual countries 

within OECD. While the US, UK, Netherlands, Canada and Japan do not apply this requirement, 

the minimum nominal return is 4% in Denmark, 3.25% in Belgium, 2.25% in Switzerland and 

0% in Germany65. This can be seen as a protective measure for the value of the pension funds by 

the legislative authorities, putting an indirect limit on investments in risky assets. One of the 

possible reasons why this is not implemented in Iceland may be that the government assesses 

competition between the individual funds to be at a sufficient level to guarantee performance. 
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2.11 Long term investment strategy of pension funds 

Pension funds are by definition institutional long term investors aiming for sufficient returns to 

meet obligations to beneficiaries. This makes setting a prudent far-sighted investment strategy an 

imperative function of the pension funds. Pension funds have a dual goal when setting a long 

term investment strategy. Apart from seeking to optimize returns, they should also be designed to 

provide minimum returns to secure future pension payments. This makes considerations of 

shortfall risk and the level of riskiness of investments an integral part of a pension fund´s 

investment strategy. In next sections we have identified three components of a long term 

investment strategy of the Icelandic pension funds. First, we investigate the appliance of time 

diversification in pension fund investment strategy, in particular with a relation to investments in 

equities. Second, we study indexed versus actively managed funds and thirdly we discuss 

international diversification in the context of a long term investment strategy.  

2.11.1 Time diversification and equity investments 

For long term investments in risky assets with normally distributed returns, above average returns 

tend to offset below average returns, leading to convergence of distribution of annualized 

returns
66

. Longer investment horizons with lower expected standard deviation of returns should 

therefore, ceteris paribus, allow for more risk taking. This might suggest that, in setting 

investment strategies, the pension funds should be allowed to take on more risk for example by 

investing in equities to a larger extent. In this line of reasoning, one might be tempted to think 

that pension funds which have younger populations and longer maturity of claims, as in Iceland, 

should thus hold riskier assets in form of equity than pension funds in countries with older 

populations. 

However, mathematical analysis has shown that investment strategies built on this type of time 

diversification do not hold
67

. The dispersion of terminal savings will diverge from expected 

terminal savings, as the size of potential losses increases with the duration of the investment 

horizon. Thus, the growing improbability of a loss reflected in decreased standard deviation of 

returns will be offset by the increasing magnitude of potential losses in terminal value
68

. In the 
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case of a risky asset as equities, the probability of earning less than risk-free rate declines with 

the length of the holding period, but the probability of extreme shortfall actually grows
69

.  

The length of the investment horizon has thus no predictable effect on the optimal proportion to 

invest in equities; they are not by any means less risky in the long run. Hence, we conclude that 

the favorable demographics and the relative long maturity of claims of the Icelandic pension 

sector is not a valid reasoning for increased equity holdings. If the pension funds prefer the 

riskless asset in the short run, they should prefer the riskless asset in any time horizon. In other 

words, the pension funds should hold a constant risk aversion in relation to all investments, 

including investments in risky equities. 

2.11.2 Indexed versus managed funds 

The choice between in-house and external portfolio management is an essential part of long term 

strategy for pension funds. This should be evaluated with respect to the impact on cost and return. 

External portfolio management involves a choice between investing in a mutual fund that 

attempts to reproduce the performance of an equity index or an actively managed equity fund. 

The index funds have an inherent cost advantage as they do not require specialized knowledge 

and generally only trade infrequently to reflect the change in the index, incurring less cost than 

their counterparts. Although there are evidence that index funds do in some cases outperform the 

actively managed funds, it is less clear if international index funds are a better choice
70

. 

Moreover, Samuelson (2008) has recently argued for a passive holding of low-turnover, low-

expense and highly-diversified indices of equities and bonds, both domestic and international, in 

long term investment decisions. 

The largest Icelandic pension funds mainly use in-house portfolio management for their domestic 

equities. On the other hand, they generally rely on external portfolio management for their 

international equities, thereby utilizing the expertise of large and well known international 

funds
71

. The investments in international equities are mostly in actively managed funds, even 

though theory suggests that indexed funds yield a higher return in the long run
72

. It has previously 

been shown that the average return of the tree largest pension funds on international equities has 
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been less that the MSCI index from 1998 to 2007
73

. We therefore believe that the long term 

investment strategy of the pension funds could be improved by directing foreign investments into 

indexed funds to a greater extent. 

2.11.3 International versus domestic equity investments in long term investment strategy 

There are a number of reasons why it is desirable in the long run for Icelandic pension funds to 

diversify into more developed equity markets. First, the funds need to achieve more consistent 

performance to secure pension payments in the future, even though the average return could be 

lower. Second, given the small size and volatile nature of the Icelandic market (see figure 2.7), 

international diversification provides protection against risks inherent in the domestic capital 

market. On the other hand, to exclude pension funds from the domestic equity market by 

instructing them to hold an indexed global portfolio implies denying the holders of pension rights 

the strong capital gains realized in the early stages of a developing equity market, as was the case 

in Iceland. This is believed to one of the reasons why the pension funds in Iceland have been 

large participants in the domestic equity market from the beginning. 

When viewing these different arguments one has to bear in mind that the openness of the 

Icelandic economy makes it exposed to output and shocks in the global economy, thus increasing 

its risk of severe downturn or systematic failures. For this reason, we believe the long term 

investment strategy of the Icelandic pension funds should be to hold higher levels of international 

investments than other relatively closed economies such as the USA, Japan and the Euro area.  

The Icelandic pension funds are required to inform stakeholders about their investment 

strategies
74

. It is thus possible to investigate whether their goal is to increase their share in 

international equities. We examined annual reports from the three largest funds and found 

different results. The largest fund, LSR, plans to keep investments in foreign securities between 

25 and 50% of total assets
75

. Their actual holdings at the end of 2007 were 30%
76

, meaning they 

can still arrange a large share in international assets. The goal of the second largest fund, Live, is 

to increase investments in foreign securities, and hold them between 30 and 45%, while their 
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position in 2007 was 32%
77

. The third largest fund, Gildi, announced that it would invest 23% of 

total assets in 2008 in foreign equities, while it held 21% at the end of 2007, showing a gradual 

increase
78

. All in all, these funds diversify their equity holdings to much lesser extent than 

allowed by the law. This is in line with what we have previously found in international 

comparisons that the Icelandic pension sector might not be optimally diversified with regards to 

equity
79

. 

2.12 Conclusion 

The Icelandic pension sector has changed substantially for the five decades it has existed. The 

funds´ operations were limited to begin with as there were restrictions on pension contribution 

rates as well as on domestic interest rates. Additionally, foreign investments were prohibited and 

a domestic equity market did not exist. Gradually the constraints were eased, making it possible 

for pension fund managers to diversify their portfolios to a greater extent and thereby lower risk 

at the same time as increasing expected returns. Furthermore, financial indexation on the majority 

of domestic bonds compensates the deteriorating effects of high inflation in Iceland. 

The pension system in Iceland is composed of a three-pillars which combined should secure old 

people financial security. The pillars are a tax-financed public plan, a mandatory occupational 

funded scheme and a voluntary private pension saving scheme with tax incentives. The 

occupational pension plan has played a key role in the enormous growth of the pension sector in 

recent years, as contributions by workers are relatively high. The pension sector is thus now one 

of the bases of the Icelandic economy and as such has great responsibilities. 

Favorable old age dependency ratio, high labor participation rate as well as relatively high 

retirement age contribute to a lower burden on the Icelandic pension system. Additionally, the 

replacement rate is above the OECD average, which entitles pensioners higher earnings in 

retirement pension and the size of the pension sector, measured as a percentage of GDP, is the 

largest in the OECD countries.  

The legal environment under which the funds operate limits investments, especially regarding 

maximum fractions in foreign investments and equities. On the other hand, there are no minimum 
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requirements on the funds´ returns. As pension funds are long term investors they should focus 

on optimal long term returns and theories on time diversification indicate that funds which prefer 

riskless assets in the short term should also aim for such assets for all time horizons. 

The bond and equity markets in Iceland are relatively young. Bonds have always accounted for 

the largest share of the pension sector´s portfolio but their part has somewhat receded for 

domestic and international equities during the last decade. Returns on bonds have been high by 

international standards, but alterations on the system for mortgage market lending have now led 

to declined rates. Domestic equities have also yielded alluring returns and the funds have 

increasingly invested in that market. Some view that holders of pension rights should not be 

denied of the capital gains realized in early stages of developing equity markets but the Icelandic 

one is especially risky as it is exposed to output and inflation shocks and in addition very small, 

volatile, poorly diversified and vulnerable to a banking crisis, which together imposes significant 

risk on its investors. 

International diversification helps avoiding the risk of catastrophic failure of equity markets. 

Consistent returns, as most desirable for pension funds, are better achieved by investing more 

overseas. It is thus especially important for the Icelandic funds to diversify internationally, which 

they have done in an increased manner on foreign markets, and now international equities 

constitute more than a quarter of their portfolio. A cross-country comparison of international 

investments shows that the Iceland funds use them moderately in comparison to other countries. 

Because of the special conditions in the Icelandic market, the pension funds should hold even 

higher levels of international assets, compared to more closed economies. 
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3 Recent events in Iceland and the effects on the pension sector 

The global financial crisis which started in 2007 worsened significantly during the fall of 2008 

and in turn caused the worst economical crisis in Iceland for decades. Investments of the pension 

sector were severely affected by these catastrophic events. The high returns on domestic equities, 

yielded during the years prior to the crisis, vaporized as the domestic equity market collapsed, 

forcing the pension funds to realize huge losses on domestic investments. On the other hand, the 

pension funds were rewarded for diversifying into foreign assets as a significant depreciation of 

the ISK reduced the impact of negative returns on international equities. As a result of these 

events, radical changes in the asset composition of the pension sector have occurred. 

We believe it is essential to our analysis to add an epilogue of the recent events in the Icelandic 

economy, as well as their meaning for investments of the pension sector. We investigate the 

reasons for the crisis, the development of equity markets in 2008, the change in the funds´ asset 

composition, as well as discussing the implications of the crisis for future investments of the 

pension sector.  

3.1 The background of the economic crisis in Iceland 

The origins of the crisis can be traced to several concurrent developments taking place both in the 

Icelandic economy and the global financial system. These factors acted together to create an 

unprecedented boom in the Icelandic economy, which in turn provided the backdrop for the 

recent crisis. The privatization of the financial system and a substantial increase in private 

consumption were the key factors which fuelled the economic boom in 2003 to 2007. A total real 

output increase of 25% during this period was sustained by a boom in private consumption, 

which was reflected in more disposable income, higher housing costs and equity wealth
80

.  

The privatization of the financial sector in 2003 marks the beginning of a tremendous expansion 

of the financial sector. Benign global financing conditions, along with favorable credit ratings 

contributed to a rapid expansion of the Icelandic banking sector. Loans were cheap and easily 

accessible on global credit markets and the banks took full advantage of carry trade investment 

opportunities. As a result, the banks leveraged themselves significantly and became among the 

most indebted banks in the world, relative to gross domestic production. An oversized banking 

system did thus develop during the course of only four years. In fact it went from being slightly 
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larger than the countries annual GDP, to being ten times that size
81

. The amount of borrowing by 

the banks was also significantly larger than the size of the reserves of the Central Bank, meaning 

it could no longer act as a lender of last resort if the banks faced solvency problems
82

. 

The structural changes in the banking sector made the banks highly dependent on foreign capital 

inflow. In addition, the extensive borrowing was mainly short term, but at the same time the 

banks´ lending activities were to a large extent long term, for example to households. This credit 

mismatch, resulting from short term borrowing and long term lending, made the banks more 

vulnerable to shocks. When conditions on global financial markets deteriorated late 2008, credit 

markets almost closed. These conditions made it impossible for the Icelandic banks to refinance 

their short term loans, as they were considered relatively riskier than other international banks. 

These events cumulated to a near simultaneous collapse of the tree largest banks in October 2008, 

where the government was forced to impose emergency law for the banks, nationalizing the 

financial system to a large extent. At the same time, the foreign exchange market plummeted and 

the ISK depreciated to unprecedented levels. Trying to avoid further damage, the government 

introduced currency restrictions, which were still in force at the time of this writing. The events 

in October changed the Icelandic economy enormously. Overnight the country went from being 

one of the lowest indebted one in Europe to being one of the highest indebted ones, as the 

government had to guarantee foreign deposits of the Icelandic banks
83

. In the next sections we 

will discuss the effects these dramatic events had on the pension funds investments. 

3.2 The crash of the Icelandic equity market in 2008 

The equity market in Iceland rose enormously from 2002 to mid 2007, as shown in figure 2.7. 

This was mostly due to increased equity prices of the banks and investment funds, propelled by 

the economic boom. The Icelandic pension funds invested significantly in the banks during that 

time and these purchases were a large fraction of their total domestic equity holdings
84

. However, 

the sudden nationalization of the banks, following the worsened global financial crisis, made the 

banks worthless to equity owners, including the pension funds. The effect of the disappearance of 

the banks from the OMXPI index in October 2008 resembles a severe equity market crash.  
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Figure 3.1 shows monthly returns on the domestic index in 2008, when it fell by as much as 

84.4% in only 10 months, thereof by 71.5% in October month alone
85

. This means that returns 

earned for the past 10 years were erased, as well as almost the entire holdings of the pension 

funds in the equity market, a devastating result for long term investors as the pension funds. 

Simultaneously, international equity markets declined significantly. The financial crisis has thus 

affected pension funds globally. In October 2008, assets of funds in the OECD countries had 

fallen by 20% since the beginning of the year
86

. Funds which were most exposed to equities did 

worst but those more diversified, holding additional bonds were better shielded from the equity 

market declines
87

. Figure 3.2 shows returns on the MSCI ACWI in 2008, in USD and ISK.  
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Figure 3.1: Monthly development of OMXIPI, the Icelandic equity index, in 2008

Source: Own contribution. 
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Figure 3.2: Monthly development of the the global equity index, in USD and ISK, for 2008
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The return on the global equity index in the first 10 months of 2008 was negative by 41.5% in 

dollar terms
88

. However, since the ISK fell by 94.1% against the USD during January to October 

2008
89

, it offsets the loss of the pension funds from the fall in foreign markets, measured in local 

currency. The significant loss of the pension funds is a major shock for their financial positions. 

Since the funds are not required to abide to a particular annual rate of return, they do not face 

problems with their obligations due to their loss. However, their worsened position affects 

expected payments of the beneficiaries of the funds. 

3.3 Change in asset composition of the pension sector 

The changes in the domestic and international equity markets altered the asset composition of the 

Icelandic pension sector´s portfolio significantly. Table 3.1 shows the sector´s portfolio before 

and after the crash in October 2008
90

. 

Table 3.1: The pension sector´s portfolio of asset before and after the crash 

  September 2008 October 2008 
Monthly 
change 

in m. ISK 

Monthly 
change in 

percentage Asset class 
Holdings 
in million 

ISK 

Percentage 
of total 

portfolio 

Holdings 
in million 

ISK 

Percentage 
of total 

portfolio 

Internat. equities 479,404 26.07% 451,739 27.61% -27,665 -5.77% 

Domestic equities 328,222 17.85% 169,948 10.39% -158,247 -48.22% 

Domestic bonds 718,727 39.09% 696,070 42.54% -22.657 -3.15% 

Total risky portf. 1,526,353 83.02% 1,317,756 80.54% -208.597 -13.67% 

Risk free asset 312,204 16.98% 318,341 19.46% 6.137  1.97% 

Total 1,838,557 100.00% 1,636,097 100.00% -202.460  -11.01%  

Source: Own calculations based on data from the Icelandic Central Bank 

The value of the pension sector´s risky portfolio decreased by 202 billion ISK (1.3 billion EUR), 

or 11.01% from September to October 2008. This is by far the largest monthly negative return 

that the Icelandic pension fund sector has ever experienced, even when compared to returns on an 

annual basis
91

. Most notably, domestic equities held by the pension funds lost nearly half of their 

value, or roughly 158 billion ISK (1.0 billion EUR), decreasing from a 17.85% share of the total 

portfolio to a 10.39% share. The fraction had at that time already fallen from 28.82% in June 
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2007. In fact, the change is so great that one has to go back to October 1998 to find when 

domestic equities accounted for only around 10% of the total portfolio. 

Other classes were not as severely affected between the two months. Icelandic investors holding 

international assets benefited from the depreciation of the ISK and the loss on international 

equities was eliminated when converted to the local currency. The negative change of 5.77% was 

not due to a fall in international equities in ISK, but because of sale of international equities, 

which were replaced by domestic bonds
92

. When these numbers are examined one has to be 

aware of that changes also include both active purchases and sales by the pension funds, meaning 

the last column does not solely account for asset returns. Domestic bonds are also less affected, 

shrinking by 3.15% between months. This can be explained by the predominance of housing 

bonds in the asset class, which have so far not been notably influenced by the banking crisis.  

As expected, the asset composition of the pension sector changed significantly during the crash. 

In September 2008, equities accounted for 44% of the pension sector´s portfolio, of which 60% 

were international and 40% domestic. The crash lowered the domestic share to 27% of total 

equities, which again had fallen down to 38% of the total portfolio. On the other hand, the share 

in international equities increased to 73% of total equities, despite the fact that their share in the 

sector´s portfolio also decreased in October. We can thus see that following the crash, 

international equities account for the vast majority of total equity holdings of the funds, which 

has not been seen before in the history of Icelandic pension funds investments.  

It is clear that it is not possible for the pension funds to increase their domestic equity holdings to 

any extent in the near future, as only a minor fraction of the domestic equity market still exists. 

We also assume that pension fund managers are more sceptical about such investments in the 

coming years, as the crash has been a painful lesson in risk management.  

3.4 The current state of the economy 

The consequences of the crash are remains to be seen. Because the ISK fell significantly, 

domestic inflation has soured as Iceland is an import dependent country. However, currency 

restrictions have limited imports so normal trades have not been possible. The restrictions thus 

skew current figures for the value of the ISK, the level of inflation and the position of the trade 

balance, meaning it is difficult to assess the severity of the actual situation. This has an effect on 
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the estimated value of the current portfolio of the pension sector as all investments are valued in 

ISK. 

The large external debts which the nation now faces following the crash of the banks create 

significant problems. The government saw no other alternative than turning to the International 

Monetary Fund (IMF) for help and was granted a loan of 243 billion ISK (1.6 billion EUR)
93

. 

The key objective of the authorities is to try to reestablish the confidence in the ISK, which has 

been seriously damaged. In an attempt to do so, the Central Bank raised policy rates to 18%
94

, 

while they have been lowered in most other countries, even down to 0% in the US
95

. This high 

percentage in Iceland could have an effect on the pension funds interest in domestic bonds. 

Economic forecasts for 2009 are not bright and fallouts from the crisis are likely to reverberate 

for years
96

. Annual GDP is expected to drop by 10% in 2009, unemployment is estimated to 

increase to 10%, inflation predicted to surpass 20% and house prices are forecasted to fall by 

almost half
97

. Bankruptcy of firms and households can also be anticipated along with those 

factors. Instability and uncertainly are dominant forces in the economy. The restructuring of the 

banks will probably be among the most expensive ones in the world, relatively to the size of the 

economy
98

. The position of the pension funds is also worse now than it has been for years and 

fund managers have not even reached the bottom of loss calculations yet. Uncertainty also 

prevails in foreign markets and it is not foreseen when the global financial crisis, which has now 

been ongoing for one and a half year, will end. 

3.5 Conclusion 

The Icelandic financial system has undergone major changes in recent years. Following 

privatization of the financial sector, it expanded enormously due to favorable conditions on 

international markets. The banking sector was hugely indebted and utterly depended on continued 

borrowing from overseas markets. In the global financial crisis in 2007 to 2008 things developed 

extremely unfortunately for the Icelandic economy. The banking sector crashed, the currency 

depreciated exceedingly and the country quickly became hugely indebted. 
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The domestic equity index, dominated by banks and financial institutions, lost almost all its value 

when the main banks were nationalized and removed from the index. As the pension funds held 

close to 20% of their portfolio in the domestic equity market, primarily in the banks, the fall 

affected them substantially. The crisis was also severe in international markets but the collapse of 

the ISK offset the losses of foreign assets for the pension funds. The decomposition of the 

pension sector´s portfolio changed significantly following the crash. The fraction in domestic 

equities decreased greatly while the share in other asset classes increased. The overall portfolio of 

the sector is thus less risky now than prior to the crash. As the results of the crash are still coming 

forth, the sector´s overall loss remains to be seen. This introduction of the events in October 2008 

lays the ground for later analysis of optimal and actual portfolios. 
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4 Modern portfolio theory and international diversification 

The theory of portfolio allocation is the subject of this chapter as it is a necessary prologue for 

later analysis of actual and optimal portfolios of the Icelandic pension sector. We briefly describe 

basic financial theories of asset allocation, explain different types of risks and examine the effects 

of diversification on portfolio risk. Then we introduce the Capital Asset Pricing Model (CAPM) 

and its international version (ICAPM). We discuss the benefits of international diversification 

and its importance due to correlation. Lastly, we look at the asset allocation model with exchange 

risk by Jorion and Khoury, which will be used when constructing the sector´s optimal portfolio. 

4.1 Systematic and unsystematic risk  

Pension funds and other investors can improve the performance of their portfolios by adding 

more equities to them, as it reduces the variability of returns, see figure 4.1. By choosing 

securities that do not move exactly together, one can reduce risk without lowering expected 

returns.  

 

Diversification eliminates unsystematic risk inherent in individual equities on the market up to a 

minimum level, known as systematic risk. Every portfolio is therefore exposed to some degree of 

economic risk affecting the variability of the securities return, which cannot be diversified away. 

Portfolio variance of 2 assets can be expressed in the following way: 

��� � ������ � ������ � 2�������   (4.1) 
Similarly, it can be shown that the portfolio variance of N assets is  

��� � ∑ �������� � ∑ ∑ ����������������
��������    (4.2) 
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Where �� denotes the proportion invested in the j-th asset, ��� is the variance of asset j and ��� is 

the covariance of assets j and k
99

. The contribution of covariance between different pairs of 

individual equities to the portfolio variance increases with N. For example, the variance of 

portfolio with equal investment in N assets, where the fraction invested in each asset is 1/N, 

equals: 

��� � ���� ����� � ����� � ����   (4.3) 
With larger number of equities, the effect of the difference between the average individual risk 

and the average covariance is reduced. The portfolio variance gradually approaches the average 

covariance, ����, which is the minimum variance for the portfolio
100

. This can be seen in fig. 4.1. 

Diversification is thus limited to the average covariance of all equities within a market i.e. the 

systematic risk. The most diversified portfolio that exists is the market index portfolio, which is 

comprised of all equities invested according to their size of total market value of all risky assets. 

Assuming that this market portfolio can be calculated and forecasted for a single market, we have 

a single point of reference for all the portfolios in the market.  

The variance of the market portfolio provides a reference for the systematic risk to which a 

relative riskiness of a portfolio can be measured. This has been called single index model in 

portfolio theory, which assumes that the co-movements between equities in a portfolio are due to 

a single common influence. The complex task of analysing and calculating correlation structures 

in large portfolios can thus be simplified by assuming that they share a common influence or 

covariance with the market portfolio. 

4.2 Correlations 

Investors worldwide invest a fraction of their portfolios in international assets, which is a sensible 

strategy because international diversification improves the trade-off between risk and return. The 

driver of diversification benefits is correlations. As long as equity markets are less than perfectly 

correlated, i.e. the coefficient is less than one, diversification helps reducing portfolio risk 

without lowering expected returns. Correlations are lower between equities across national 

markets than domestic markets, meaning foreign investments improve the portfolio properties
101

.  
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By adding international equities to a domestic portfolio, it is possible to bring down both the 

unsystematic and systematic risk, shown in figure 4.1, to a lower level. It does not have an effect 

on this result if the international equities added are exchanged for the same amount of domestic 

ones so the portfolio size remains the same. Total risk of an international portfolio is thus lower 

than the risk of a national portfolio. A lot of research has been done to confirm this, by using 

different data and time periods, giving consistent results
102

.  

Low correlations across equity markets stem from different economic, political and institutional 

factors between countries, which have an effect on returns on equities
103

. Each country´s 

industrial structure also has an influence on equity prices behavior, meaning that differences in 

industrial specialization bring forth different equity fluctuations
104

. Additionally, business cycles 

are often asynchronous among countries, leading to lower international correlations
105

. 

International diversification is especially beneficial for investors residing in countries where 

firms and institutions on the equity market are concentrated in a small number of industries
106

. 

The Icelandic equity market is homogeneous, as it is vastly dependent on the financial sector. 

This makes investments in the domestic market more risky than otherwise. The exchange rate 

behavior also partly explains the equity index behavior in most countries
107

, which also applies to 

Icelandic investors, being dependent on a small and unstable currency. This reasoning strongly 

supports international diversification for Icelandic pension funds and other investors. 

On the other hand, correlations between equity markets have increased following the 

globalization of markets. Co-movements in equity markets have shown to increase in periods of 

high volatility and vice versa. Moreover, when markets go down simultaneously they show 

higher correlations. This is exactly the time when low correlations are most strongly needed, 

which casts doubts on the benefits of international diversification
108
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4.3 The efficient frontier 

Modern portfolio theory owes much to the studies of Markowitz in the 1950s. He recognized that 

under the assumption of normality of stock returns, the construction of a portfolio depends only 

on two components, the expected mean return of the portfolio and the standard deviation of 

return
109

. Risk-averse investors will select between an efficient set of risky portfolios, meaning 

that they will choose the portfolio combination which yields the highest return to risk ratio. These 

portfolios are said to be efficient, according to the expectations of the investor. All the possible 

portfolio combinations above the minimum variance portfolio in figure 4.2 are termed the 

efficient frontier.  

 

  

By introducing borrowing and lending at a riskless rate Rf into the model
110

, the efficient frontier 

changes to a straight line in a return-standard deviation space, as can be seen by the black line in 

the figure
111

. The investors´ position on this efficient frontier depends on their level of risk 

aversion. Investors with lower risk tolerance are placed where they are lending at the riskless rate 

and the ones with higher risk tolerance move up the line where they borrow at the riskless rate. 
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However, the optimal combination of investors´ risky portfolio is obtained independent of their 

risk preference
112

. 

Assuming a capital market equilibrium, which means that no arbitrary opportunities exist and all 

investors´ expectations are exactly the same with regard to return, standard deviation and 

correlation, the optimal risky portfolio for every rational investor must be the market portfolio. 

This implies that all efficient portfolios held by investors lie along the same straight line, which is 

usually referred to as the capital market line. As seen in figure 4.2, the capital market line is 

tangent to the efficient frontier exactly at one point, where the slope is maximized subject to the 

constraints of investing both in risky and riskless assets
113

. 

4.4 CAPM 

The Capital Asset Pricing Model proposed by Sharpe in the 1960s provides a framework for 

predicting return and price on individual assets under equilibrium conditions
114

. The model 

proposes a consistent relationship between an asset´s expected return and systematic risk, which 

can be used to evaluate and predict capital asset prices. It should be noted that by only including 

systematic risk, the CAPM implies that the investor should not receive reward for bearing 

unsystematic risk, as it can be diversified away. The expected return should only depend on the 

systematic risk of the asset
115

. 

By establishing a relationship between the return of an individual asset and the return of an 

efficient portfolio which contains the asset, Sharpe was able to formulate that the assets which 

were more responsive to the efficient portfolio should have higher expected returns
116

. In 

equilibrium, capital asset prices will adjust until there is a linear relationship between the 

magnitude of assets responsiveness to the systematic risk of the efficient portfolio and the assets 

expected return. If we assume that this efficient portfolio is the market benchmark portfolio, the 

linear relationship can be depicted as the security market line (SML) in figure 4.3. 
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The SML shows how the expected risk premium on an asset varies in direct proportion 

asset sensitivity to the market, or the asset beta

a particular market can thus be expressed as follows:

Where the expected return is equal 

market premium
118

. 

As with any model, the CAPM rests on several simplifying assumptions

assumes that the market is at equilibrium, all market part

arbitrage opportunities exist and markets are perfectly efficient

capital markets, it means that security prices fully reflect all available information. Such markets 

thus respond to new information and insights 

unpredictable
119

. Due to the strong 

considered a paradox when applied empirically.

of the model, each contributing in 

those models have in common is that they work well in theory but 
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shows how the expected risk premium on an asset varies in direct proportion 

the market, or the asset beta
117

. The return on individual assets or portfolios on 

a particular market can thus be expressed as follows: 

 

Where the expected return is equal to the risk free rate in addition to the beta times the expected 

with any model, the CAPM rests on several simplifying assumptions. For example, t

assumes that the market is at equilibrium, all market participants have equal information, 

and markets are perfectly efficient. When referring to efficient 

capital markets, it means that security prices fully reflect all available information. Such markets 

respond to new information and insights quickly and logically, and price movements are 

strong assumptions behind the CAPM model, it is not testable and is 

considered a paradox when applied empirically. Researchers have introduced several e

the model, each contributing in a different way to the complex world of asset pricing. What all 

models have in common is that they work well in theory but do not hold in reality

discussion on beta, see appendix 1. 
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4.5 ICAPM 

Introducing foreign assets to the CAPM model means that new elements have to be integrated, 

such as exchange rate risk. Solnik (1974) developed an inter-temporal model of the international 

capital market in the framework of CAPM, called ICAPM. Since then, other versions of the 

ICAPM model have been introduced by researchers such as Adler and Dumas (1983). Solnik 

acknowledged that foreign equities listed on official exchanges provided investors with an easy 

way to obtain international diversification. His hypothesis was that security price behavior was 

consistent with a single world market concept. A fundamental dimension in his research is the 

exchange rate risk and tools which provide protection for investors not wanting to carry that risk. 

Solnik´s results show that the risk premium on securities, over the national risk free rate, is 

proportional to their international systematic risk. As discussed in chapter 4.3, more systematic 

risk can be diversified away in an international portfolio than a single market portfolio.  

De Santis and Gerard (1997) pointed out that in international markets, both currency risk and 

systematic risk need to be priced. Since the Icelandic pension sector invests considerably 

overseas, the performance of the currency needs to be taken into consideration when pricing 

assets. The fluctuations of the ISK are therefore accounted for when estimating returns on 

international equities in this research, both in the actual and optimal portfolio of the Icelandic 

pension sector. 

The input requirements for ICAPM are even more demanding than for CAPM because of the 

dynamics of the international environment. Among the restraining assumptions underlying in the 

model are perfect capital markets, homogenous expectations and consumption patterns. The 

model does thus not work when it comes to market imperfections. This makes the model difficult 

to use empirically, although it is valid at a theoretical level
121

. 

4.6 The Jorion and Khoury model 

Jorion and Khoury (1996) constructed a model for optimal portfolio allocation with exchange rate 

risk. They point out that fund managers should make a decision on both equities and bonds, and 

currencies. Adding currencies to a portfolio was a different approach to what had previously been 

introduced within the theory of portfolio allocation. This they rationalized by showing that 
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investing in foreign assets without including currencies is suboptimal. We will use the Jorion and 

Khoury model as the basis for our modeling of the optimal portfolio. 

In the Jorion and Khoury model it is assumed that investors are rational mean-variance 

optimizers, whose portfolios consist of both domestic risk free assets, as well as a portfolio of 

other assets. Moreover, investors seek to maximize a utility function, which involves a trade-off 

between expected return and risk in a portfolio. The main equations used when finding the 

optimal portfolio are the following. The expected return on the portfolio is expressed as:  

µp = ω’µ   (4.5) 
Where ω’ is a vector of portfolio weights, i.e. the fractions of wealth invested in different assets 

and µ represents the vector of expected excess returns on all assets. The expected variance of the 

portfolio, i.e. the risk, is expressed as:  

σp
2
 = ω’ ∑ ω   (4.6) 

Where ∑  is the symbol of the covariance matrix of returns. The investor´s objective is to 

maximize his utility given by:  

U = µp – ���� λ σ p
2   (4.7) 

Where λ is the level of risk aversion. The optimal allocation to risky assets, which maximizes the 

investor´s utility, is:  

ω � ��!� Σ
-1

 µ     (4.8) 

Several assumptions are necessary for the model to hold. Investors need to be risk-averse, asset 

returns normally distributed, inflation rates non random and capital markets perfect, with short 

sales allowed, no transaction costs as well as no barriers to capital flows. However, these 

assumptions do not apply to investors in the real world, showing that the results obtained when 

using the model need to be taken provisionally. They can though work as a point of reference and 

do possibly give a broad indication on how to construct an optimal portfolio of assets and 

currencies. 

4.7 Conclusion 

In this chapter we have touched upon theories of portfolio allocation which serve as a basis for 

later analysis of the actual and optimal portfolios. The model by Jorion and Khoury will serve as 

a foundation when building the optimal portfolio for the pension sector. 
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5 Currency hedging and the Icelandic currency 

5.1 Introduction to hedging 

Investing internationally involves both exposure to the underlying asset and the currency. Here 

we look at how the latter exposure can be controlled by hedging practices. Exchange rate risk is a 

source of uncertainty and increases the volatility of cash flows of pension funds. This especially 

applies to Icelandic pension funds as they operate in a small and open economy, making the 

currency sensitive to capital flows and both local and global economic fluctuations. The goal of 

this chapter is threefold, firstly to introduce the ISK and its development. Secondly, to describe 

hedging strategies and tools and indentify which are used by the Icelandic funds. Lastly, to 

determine both from theory and actual practice, what hedge ratio is sensible to use for the pension 

sector in the optimal portfolio. 

5.2 The Icelandic currency 

Iceland is one of the smallest nations in the world to have its own currency. The development of 

the Icelandic exchange rate index is shown in figure 5.1
122

.  

 

The ISK was first set to float in March 2001, but had prior to that been pegged against a basket of 

currencies. Shortly after the floatation it depreciated greatly, meaning the currency had been fixed 

at a rate that was not sustainable at the time. However, in 2002 this development reversed and for 

four years the ISK was in a strengthening phase. We have identified several factors which have 

influenced the appreciation of the ISK during that time, as they have in common to contribute to 

a significant increase of capital inflows.  
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Firstly, large scale investment projects in power plants and aluminum smelters were started, 

which were financed by foreign investors. Secondly, access to foreign loans became more easily 

accessible, which was utilized in full by Icelandic banks, loaning excessively to Icelandic 

households and firms. Thirdly, large issuances of Icelandic bonds denominated in ISK began in 

2005. The bonds quickly become popular among foreign banks as they yielded high returns due 

to high policy rates, set to counter high inflation. These factors combined gradually increased the 

demand for the ISK over this four years period, risking an overestimation of the currency. 

In early 2006, foreign rating agencies and financial analysts criticized the excess short term 

borrowing of the Icelandic banks, resulting in a depreciation of the ISK. The banks were 

downgraded, but they reacted by improving their conditions through increased deposit base and 

extension of the funding scope
123

. This helped regaining the belief in the ISK, leading to an 

appreciation. When the global financial crisis hit the world markets, starting in the middle of 

2007, the ISK started to depreciate again and a year later, in June 2008, it had reached a record 

low value, as seen in figure 5.1. 

The development during the last decade clearly shows that the ISK is a risky currency, as capital 

flows and economic shocks can quickly change its value. To illustrate the effects of the ISK on 

foreign returns, table 5.1 shows the change in MSCI ACWI and the ISK for the last 10 years. 

Table 5.1: Changes in the MSCI ACWI and the ISK, and the overall mean and standard deviation. 

 
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Mean St.dev. 

∆ MSCI ACWI 20% 25% -15% -17% -21% 32% 13% 9% 19% 10% 7.4% 18.6% 

∆ ISK -3% 4% 19% 22% -20% -13% -14% 1% 9% -10% -0.5% 14.1% 

∆ MSCI in ISK 16% 30% 1% 1% -37% 15% -3% 10% 30% -2% 6.2% 19.3% 

Source: Own contribution 

The change in the ISK against the USD has brought returns on the MSCI ACWI up or down 

between individual years, making foreign investments more risky to Icelanders than to investors 

with the USD as a home currency. Overall, the annual average effect from the ISK is only -0.5% 

but the standard deviation is 14.1%, highlighting large changes in individual years. This shows 

that currency effects have to be carefully considered for Icelandic investors. 
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5.3 Currency hedging strategies 

By definition, hedging is an approach to risk management that uses financial instruments to 

neutralize the systematic risk of exchange rate changes or cash flows
124

. This involves taking 

offsetting positions against assets in foreign currencies. Currency hedging can thus be thought of 

as a risk managing tool to control the amount of currency exposure present in a portfolio. 

Construction of a hedging strategy begins with an identification of risk tolerance, which is the 

level of currency exposure a fund is willing to accept. From the risk tolerance assessment, fund 

managers must evaluate if a hedge should be undertaken with regard to the expected costs
125

. 

The rates of hedge contracts depend on expectations of future exchange rate movements, thus the 

market is most liquid when there is an uncertainty of the development of currencies
126

. If the total 

cost of a particular hedge exceeds the estimated benefits in terms of expected size of gains from 

lower volatility of the currency, the hedge is ineffective and should not be undertaken. Exchange 

rate risk management does not guarantee that a particular hedge gives the most optimal solution, 

as it is only based on the available information at any given time
127

.  

In the case that hedging is deemed to be beneficial, the next step is more complex: How much of 

the currency exposure is optimal to hedge? Although it may be the goal of the hedger to remove 

all the risk it might be impossible or ineffective with regard to cost. The decision of hedge 

fraction should therefore be based both on the risk tolerance and the relative cost of the hedge. 

The following hedging strategies are among the ones which are available to pension fund managers. 

5.3.1 No hedging 

Pension fund managers might choose not to hedge if they believe that changes in the exchange 

rate are matched by price changes according to the purchasing power parity theory (PPP). The 

theory states that a relationship exists between relative inflation rates of two countries and their 

exchange rate. In the real world, the theory has proven to be a bad description of exchange rate 

movements, i.e. it does not hold, unless possibly in the long run
128

. No hedging may apply for the 

smaller pension funds in Iceland, as it is relatively more costly for them to enter hedge contracts. 

Such contracts are also less readily available in a small currency as the ISK than for larger 
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currencies. We do not consider the smaller funds to have a significant impact on the Icelandic 

pension sector and will therefore not choose to ignore hedging when building the optimal model. 

5.3.2 Full hedging  

Hedging equity investments completely could give the perception that investors do not lose any 

returns. This strategy provides a near certainty of future cash flows, but it has drawbacks. When 

assessing the incremental benefit of hedging, it has a zero expected return, but a certain amount 

of standard deviation. The risk reduction benefits of hedging decline in a nonlinear fashion, 

making the currency hedge more expensive than expected gains at a certain level. Therefore it is 

not considered optimal to be 100% hedged. From the annual reports of the largest pension funds 

in Iceland we see that none of them are fully hedged. 

5.3.3 Partial hedging 

Partial hedging means that a certain percentage of the exposure in foreign currency is hedged. 

Stulz (1984) has suggested that partial hedging should be applied when the foreign currency 

value of the asset is correlated with the exchange rate. We can thus say that if the MSCI ACWI 

index proves to be correlated with the ISK, it indicates that partial hedging should be used. Partial 

hedging is also relevant since returns on foreign equity investments are uncertain and thus the 

exact timing and size of the exposure is unknown. As Icelandic pension funds depend on certain 

cash flows per year to pay their current pensioners, it is sensible for them to hedge large foreign 

positions, thereby removing some of the volatility effects on returns in ISK. The annual reports of 

the largest funds show that they have increased their hedged positions in recent years. 

5.3.4 Currency overlay  

Currency overlay is a method that enables investors to manage currency exposures separately 

from the management of the underlying portfolio. The method is not different from ordinary 

currency hedging but the strategy usually involves two steps, first determining the portfolio 

weights and second finding how much of the currency exposure to hedge
129

. This separation is 

reasonable if the decision is based on correlations between the foreign returns and the currency. 

The assumptions underlying in currency overlay are fairly strict, namely that no correlation exists 

between return on international equities and the exchange rate; as well for the hedging instrument 

and equities. 

                                                           
129

 Nakakubo, F. (2004) 



Optimal Portfolio Investments of the Icelandic Pension Sector 

55 

 

5.4 The optimal hedge fraction 

According to Black (1995) there is a universal constant that gives the optimal fraction of foreign 

investments that should be hedged. Black´s formula depends on the expected return and volatility 

of the world market portfolio as well as on the average exchange rate volatility. He used 

historical data and estimations to find a range of optimal hedge fractions, which resulted to be 

between 30 and 73%. Historical data does though not predict the future, meaning these results do 

not apply to all future periods. In addition, they are not relevant for all data sets, especially not for 

a specific case like the Icelandic. Black´s solution does thus rather serve as a base case, instead of 

giving a specific percentage to build a hedging decision upon. Investors also have different views 

on the prospects of the ISK and the world portfolio, and their risk aversions are heterogeneous. 

For modeling purposes in chapter 7, the risk profiles of the pension funds are assumed to be 

homogenous with regard to the exchange rate risk they are willing to accept. In the restricted 

optimal model we allow for a hedge fraction in the range of 0 to 70% of the optimal position in 

international equities. This range we rationalize by both theory and empirical data. Black 

suggested a range from 30 to 73%, while the data available from the Icelandic pension funds 

indicates that they use a hedge fraction of 0 to 72%
130

. 

5.5 Currency hedging tools 

Various derivative instruments can provide protection against exchange rate risk. The most 

common ones will be discussed here. The Icelandic funds are not obliged to give specific details 

on their use of currency derivatives, thus the available information on their contracts is limited. 

5.5.1 Currency options 

Currency options enable pension funds to limit downside risk on foreign investments, but still 

retain profit potential from depreciation of the ISK. Options provide the right to exchange 

currency before a certain date in return for a premium. Funds can either enter a call option, which 

provides the right to acquire a specific amount of currency, or a put option, meaning a right to 
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deliver an amount of currency
131

. Gildi is an example of an Icelandic fund which uses currency 

options. In 2007 its options hedged 18% of foreign assets and had increased from 4% in 2005
132

. 

5.5.2 Currency futures 

A currency futures contract is an agreement to buy or sell a standard quantity of foreign currency, 

at a fixed future exchange rate. The buyer and the seller have an obligation against a clearing 

house to take and make delivery of the underlying currency, meaning there is no counterparty 

risk. As futures are standardized and traded on exchanges like the Chicago Merchandise
133

, they 

are not available in ISK, thus not existing in the Icelandic pension funds´ annual reports. 

5.5.3 Currency forwards 

Currency forwards are agreements which specify an amount of currency to be delivered at a 

specific exchange rate. They are over-the-counter products, for example between a pension fund 

and a bank and involve counterparty risk. Some Icelandic funds, like SL, utilize such agreements. 

In 2007, SL covered 7% of foreign assets with forwards, which yielded a return of 1.2 billion ISK 

(13.3 million EUR) and brought returns on foreign equities up from -4.8% to -0.1%
134

. 

5.5.4 Currency swaps  

Swaps have become widely used to manage currency exposures but have recently been adapted 

by pension funds
135

.
 
These are agreements to exchange series of payments in one currency for 

those denominated in another currency with a specific interval. For an Icelandic pension fund 

they involve a spot sale of the ISK and a forward purchase of a foreign currency. The size of each 

payment is the difference between the actual exchange rate and the value specified in the 

contract. Generally the agreement requires an initial exchange of the principal and again at the 

expiration date. Currency swaps usually mature in two to ten years, which is a longer period than 

in other available hedging instruments
136

. The pension fund Gildi hedges assets by swaps and its 

hedging fraction increased from 26% of foreign assets in 2005 to 54% in 2007
137

. 
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 SL Pension fund (2007) 
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 Bodie, Z. and Merton, R. C. (2002) 
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 Howcroft, B. and Storey, C. (1989) 
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 Own calculations built on data from Gildi´s annual reports for 2005 to 2007. 
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5.6 Private consumption and currency hedging 

Apart from reducing the currency effects on returns, the Icelandic pension funds also need to be 

concerned about the real purchasing power of their assets. Pensioners use their pension payments 

in local currency to consume traded goods, which are imported and paid for in foreign currency. 

If the share of traded-goods in the consumption basket of the average pensioner differs from the 

share of foreign assets in the pension funds portfolios, there is a risk that the real purchasing 

power of the pensioner will be affected by currency movements. 

The pension funds might thus be inclined to seek a currency exposure comparable to the traded-

goods proportion of the basket of goods consumed by the typical pensioner
138

. Interestingly, 

according to Statistics Iceland, the share of imported goods amounted to roughly 25% of total 

food consumption in Iceland in 2007, which is similar to the total fraction of international assets 

in the Icelandic pension sector´s portfolio in that year, or 26%
139

. It should though be noted that 

food consumption is only a fraction of the total private consumption expenditures and the overall 

share of imported goods is expected to be higher. 

This gives evidence that foreign consumption of pensioners is a relevant factor when funds hedge 

their exposures. While it is true that it implies that the funds´ currency exposures should not be 

completely hedged as a “natural” exposure is present, the argument ignores the fact that exchange 

rate risk can be controlled by financial derivatives. Thus, we conclude that risk and return 

maximization with partial hedging is appropriate, although matching currency exposures to the 

foreign consumption is appropriate when funds choose not to hedge, as for the smaller funds. 

5.7 Conclusion 

The currency movements of the ISK affect the profitability of the Icelandic pension funds though 

their investments in international equities. To lower the exchange rate risk, the largest pension 

funds utilize different kinds of hedging techniques, and have increased their usage in the last few 

years. The possibilities in hedging are though limited for a small currency like the ISK. When 

determining an optimal hedge ratio for our model, we use theory from Black and the data 

available from the Icelandic pension funds, and determine a range of hedge fractions from 0 to 

70% of the position in international equities. 
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 Own calculations built on data from the Central Bank of Iceland. See also figure 2.8. 
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6 The actual portfolio 

The pension sector´s actual portfolio will be introduced in this chapter. We start by presenting the 

accessible data, the period of its availability and how investments of the sector are divided into 

asset classes. Next we analyse the development of asset allocations and lastly we find the pension 

sector´s average portfolio for the research period, which will be used to compare to the optimal 

historical portfolio. 

6.1 Data from actual portfolio investments 

To analyse actual portfolio investments of the Icelandic pension sector we use data published by 

the Central Bank´s Statistics Department. The department monitors the allocation of all pension 

fund investments on a monthly basis and reports in a standardized form. The report consists of 

time series dated back to January 1997. However, the available data on domestic bonds used in 

calculating the optimal portfolio narrows the period of analysis to January 1998 to June 2008. 

This leaves us with a sample size of 126 values, which we consider to be sufficient. 

In the data from the Central Bank, the investments are divided into several groups, which are 

further separated into foreign and domestic. The main structure of the groups is as follows: 

1. Fixed income securities consist of different types of bonds, such as government-, housing-, 

enterprises-, and municipalities bonds. The bonds are predominantly domestic ones.  

2. Variable income securities which is further divided into three groups:  

a. Mutual funds invest both in equities and bonds. Unfortunately it was not possible to 

acquire information on how much is invested in each class. Since the Central Bank 

classifies these investments under variable income securities and the non-equity holdings 

are considered to have a marginal effect on comparisons, we regard these funds as equity 

funds.  

b. Equity funds achieve diversification by investing in equities from different companies. 

This class is mainly composed of foreign investments as pension fund managers may 

perceive that global equity funds can better diversify foreign equity than they self can. At 

the same time there exist few domestic equity funds that fulfill the pension funds´ demands.  

c. Equities represent direct investments in individual companies. In contrast to the foreign 

equity funds, the fund managers choose to actively manage investments in domestic 
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equities. This can be attributed to the fact that pension funds are large market players in the 

Icelandic equity market and the largest pension funds actively engage in trading.  

6.2 Asset allocation of the pension sector´s portfolio 

The development of the actual asset allocation of the pension sector´s portfolio is shown in figure 

6.1
140

. For clarity we only show five groups, which are groups number one and two introduced in 

section 6.1, being fixed and variable income securities, or more precisely their division into 

domestic and foreign assets. Additionally, we include cash and other assets to take account of the 

entire portfolio.  

 

The division between asset classes has changed over the research period. In 1998, 72% of assets 

were allocated to domestic bonds, whilst only 13% was invested in domestic equities and 11% in 

foreign ones. Domestic bonds have been slowly retreating, still accounting for close to half of the 

sector´s assets in June 2008. Division between domestic and foreign equities has been relatively 

equal during the period and was around 25% in each class from 2005 to 2007. Foreign bonds, 

cash and other assets have always counted for a minor fraction of the portfolio. 

6.3 The average actual portfolio 

To be able to compare the actual portfolio during the whole period to the optimal portfolio, we 

have calculated the average actual portfolio for the period of analysis, as can be seen in table 

6.1
141

. 
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 See appendix 5.2 for calculations.  
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 See detailed calculations of the obtained percentage division in appendix 5.3. 
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Figure 6.1: Percentage division of the pension sector´s portfolio.
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Source: Own contribution. *June 2008.
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Table 6.1:  Average actual portfolio of the pension sector, Jan.98-Jun.08. 

Asset class Allocation 

International equities 21.35% 

Domestic equities 20.88% 

Domestic bonds 42.17% 

Total risky portfolio 84.40% 

Risk free assets 15.60% 

  
Annual average rate of return 10.80%* 

Standard deviation of returns 6.80%* 

Sharpe ratio 1.59* 

Sources: Own calculations built on data from the Central Bank, FSA and StatIce 
*These figures are built on data from 1998 to 2007, not including Jan.-Jun. 2008. 

 The sector has on average allocated 42% to equities and the same fraction to bonds. The rest has 

been invested in risk free assets, which are composed of cash, deposits, central government bonds 

and municipalities bonds. The 42% share in equities has on average been divided almost equally 

between domestic and international ones. The table also shows the nominal average return on the 

sector´s portfolio, has been high, or 10.80%
142

. The inflation rate during the period was very high 

or on average 4.53%, meaning the real interest rate was 6.02%
143

. The standard deviation on the 

Icelandic nominal rate was rather high or 6.80%, revealing the volatility of returns on the funds´ 

investments. 

6.4 Conclusion 

Domestic bonds have always been a dominant asset class in the Icelandic pension sector´s 

portfolio, but domestic and international equities have also accounted for a large share. The 

average portfolio shows that bonds and equities equally add up to 85% of the portfolio, the rest 

being allocated to what we define as risk free assets. The equity part has on average been almost 

equally divided between domestic and international equities.  

                                                           
142

 See calculations of the return and standard deviation in appendix 5.4. The data currently available from the 

Icelandic FSA ends in Dec. 2007, thus the average figures do not include Jan. to Jun. 2008 as the optimal portfolio. 
143

 Found by the equation (1 + r) = (1 + R) / (1 + i) where r is the real interest rate, R is the nominal interest rate and 

i is the inflation rate. 
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7 The optimal portfolio 

In the following chapter we first present the data used to find the optimal portfolio allocation, 

secondly we describe the main characteristics of the data, thirdly several optimal asset allocation 

models for the Icelandic pension sector are presented and fourthly robustness tests for the period 

of analysis are made to further validate the data. The optimal portfolios are based on a hedged 

mean-variance model, introduced in 1996 by Jorion and Khoury and we presented in chapter 4.7. 

The model incorporates both equities and bonds and uses matrix calculations for optimization. 

The first model we show is unrestricted, i.e. there are no restraints on the optimization, while 

modifications to the first model are imposed in the second model. The modifications imply 

limitations, both based on the direct and indirect constraints in the environment where Icelandic 

pension funds operate. The direct constraints are the funds regulations, while the indirect ones are 

for example investment behaviour, risk aversion and target return. By comparing the different 

models presented, we can evaluate the effects of restraining the model. The second model will be 

optimized both for a historical and a forward looking approach. The historical is to evaluate the 

pension funds´ actual performance, compared to an optimal asset allocation, whilst the forward 

looking is to find optimal target return portfolios, which vary depending on expectations of future 

economic conditions. Different methods will be used for the historical and the future looking 

approach, which will be described in detail in relevant sections.  

7.1 Data for the optimal portfolio 

To find the optimal portfolio fractions we have chosen several asset classes and calculated their 

actual monthly returns
144

. The classes are international and domestic equities and domestic 

bonds. Furthermore, we include money market returns for two currencies, the Euro and the 

American Dollar, which have accounted for most of the pension funds´ foreign currency 

exposures in the period of analysis
145

. The data series we obtain for all classes are for the time 

period January 1998 to July 2008
146

. 
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 For information on where all the data is retrieved from, see appendix 4.1. 
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 LSR Pension fund (2007); Live Pension fund (2007); Gildi Pension fund (2007) 
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 Frequency distributions of returns for all asset classes are shown in appendix 2. 
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7.1.1 International equities 

The Morgan Stanley Capital International All Country World Index (MSCI ACWI) is used to 

represent returns on international equities. The reason why the index is chosen is that information 

about country distribution of international equity investments of the sector are neither disclosed 

in the pension funds´ annual statements nor published by the Central Bank. As international 

equity investments of the funds primarily consist of global equity funds like AllianceBernstein, 

Vanguard and Franklin Templeton, which invest in the global equity portfolio
147

, it is reasonable 

to assume that the MSCI ACWI captures to a large extent the return and variance of these 

investments. To examine this we summarized returns from large sub-funds of the three equity 

funds mentioned and compared to MSCI ACWI, see table 7.1.  

Table 7.1. Comparison of annual returns of three equity funds and the MSCI ACWI  

 
2007 2006 2005 2004 2003 

AllianceBernstein Gbl Growth Trends A USD NAV 11.66% 13.22% 15.28% 12.34% 32.26% 

Vanguard Global Stock Index Instl USD 8.74% 19.76% 9.20% 14.35% 33.00% 

Franklin Templeton Templeton Global A Acc 9.18% 26.12% 6.55% 19.71% 35.94% 

Average of the three equity funds 9.86% 19.70% 10.34% 15.47% 33.73% 

MSCI ACWI 9.64% 18.78% 8.83% 13.30% 31.62% 

Difference between the funds and MSCI ACWI 0.22% 0.92% 1.52% 2.17% 2.11% 

Source: Own calculations built on data from Funds.ft.com and MSCIBarra.com 

The table reveals that there is not a great difference, from 0.22% to 2.17% per year, between the 

average returns of the tree equity funds and MSCI ACWI from 2003 to 2007. Furthermore, MSCI 

ACWI is lower than the average return of the equity funds for all years and should thus not 

exaggerate returns from international equity funds. The MSCI ACWI is a free float-adjusted 

market capitalization weighted index and measures the equity market performance of developed 

and emerging markets. It consists of 48 country indices, comprising 23 developed and 25 

emerging market country indices, and is nominated in USD
148

. 

Percentage changes between months are calculated in order to obtain returns. As MSCI ACWI is 

nominated in USD, returns are converted to ISK for the Icelandic funds. We use mid-rates
149

 of 
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149
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average monthly exchange rates for USD/ISK, obtained from the Icelandic Central Bank. From 

exchange rate series we calculate monthly percentage changes, for example in June 2008: 

∆SJun08 =  
#$%&'() *+,-+./ 0 #$%1'() *+,-+./#$%1'() *+,-+./  = 

23.4�025.�4
25.�4  = -0.90% 

Returns on the MSCI ACWI and changes in the USD/ISK cross are then multiplied, as expressed 

in the following equation, where an example for returns in ISK in June 2008 is given: 

6789:3;#<  = (1 + 6789:3=#> ) (1 + ?@789:3) – 1 = (1 + (-2.72%)) (1 + (-0.90%)) = -3.59% 

This is repeated for the whole period of analysis and the average monthly returns found.  

7.1.2 Domestic equities 

The NASDAQ OMX Nordic Exchange Iceland computes the OMX Portfolio Index (OMXPI), 

which constitutes equities of all companies listed on the main list
150

. Monthly returns are 

calculated on the basis of average monthly OMXPI index values. 

7.1.3 Domestic bonds 

OMX Iceland 10 year index (OMXI10YI) is used for domestic bond. The index was first 

introduced in 2005, but historical series have been constructed by the NASDAQ OMX Nordic 

Exchange
151

. The reason why we choose this index to represent domestic bonds is twofold. 

Firstly, it has the longest duration of available indices and secondly, it is consumer price indexed 

as the vast majority of Icelandic bonds with longer maturities. This is believed to provide a 

sufficient return and variance approximation to represent bonds in the pension sector portfolio. 

OMXI10YI contains government-guaranteed indexed bonds and bills of varying maturities. It has 

fixed 10 year duration, but bonds with duration of 4.5 to 15.5 years are eligible. The index is 

traded on a regular basis which means that it has an active price formation
152

. The values 

available are daily average trading values, which we converted to monthly returns by averaging 

them for each month. Then we computed returns by finding monthly changes. 
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7.1.4 Risk free assets 

To find excess returns we subtract the rate of risk free assets from other asset returns. The Central 

Bank publishes three month interest rates on the interbank market in ISK (Reykjavik interbank 

offered rate; REIBOR), which will be used as a substitute for the funds´ risk free rate. An average 

monthly rate of 0.808% was found from daily values, equivalent to a yearly return of 10.14%
153

. 

The rate is very high but can be explained by the historically high inflation level in Iceland
154

. 

7.1.5 The US money market 

Pension funds can hedge their foreign positions by use of currency derivatives
155

. To account for 

this in our model, we include the US and EU money markets. The funds can hold negative 

positions (short sell) in these markets to hedge their equity holdings in USD and EUR, which are 

the main currencies they are exposed to. For the US money market we use one month Certificates 

of Deposits (CD1M) from the St. Louis Federal Reserve
156

. Investments in the US money market 

are riskless for investors in countries which use the USD. However, they are risky for Icelandic 

investors due to exchange rate risk. We convert USD returns to ISK by multiplying monthly 

changes in CD1M and the USD/ISK, as shown in chapter 7.1 for the MSCI ACWI.  

7.1.6 The EUR money market 

Time series for the EUR money market are obtained from the European Central Bank. We use 

one month EURIBOR deposits (EURIBOR1MD), found by converting annual returns to monthly 

quoted returns. EUR/ISK exchange rates from the Central Bank are used to convert returns to 

ISK but the data is only available since 1999, when the EUR was officially traded. Before that we 

use weighted EUR/ISK time series available from Glitnir Bank. The relevance of using the EUR 

money market to hedge international equities in the MSCI ACWI, which is nominated in USD, 

stems from the fact that the MSCI ACWI combines equities from 48 countries and several of 

them are originally denominated in EUR. These EUR returns have been converted to USD to find 

the complete MSCI ACWI returns, which we then convert to ISK. There is thus a EUR/ISK 

exchange rate exposure present in the optimal portfolio, which the pension funds can hedge 

themselves against by using currency derivatives in the EUR money market. 

                                                           
153

 See calculations from daily values in appendix 4.2. 
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 12 month inflation in Iceland in mid 2008 was 14.7%. 
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 See chapter 5.5 for discussion on hedging possibilities. 
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The data is presented in annual returns, but to find the monthly quotation we raise it to the power of 1/12. 
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7.2 Statistical analysis of data used in 

The purpose of this session is to compare and interpret the data obtained for the optimal 

in statistical terms. We analyse risk and return 

ratio, kurtosis and skewness. Furthermore, we test for normality 

7.2.1 Risk and return 

Figure 7.1 shows how the asset classes

deviation space. 

The classes are widely dispersed on the standard deviation

4.91%, indicating a significant spread in riskiness measured in ISK. The monthly average returns 

are distributed to a lesser degree, showing positive 

domestic bonds are found to have the lowest standard deviation

return. On the other hand, international 

standard deviation, yet displaying the 

ISK. Table 7.2 shows the values for the 

deviations
157

.  

Table 7.2: Return and standard deviation for the five asset classes

 
International 

equities 

Mean monthly return 0.52%

Standard deviation 4.91%

Source: Own calculations 
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 See calculations in appendix 4.3. 
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Statistical analysis of data used in the optimal portfolio 

is to compare and interpret the data obtained for the optimal 

We analyse risk and return for the five different asset classes, their Sharpe 

ratio, kurtosis and skewness. Furthermore, we test for normality and autocorrelation.

shows how the asset classes used in the optimal portfolio plot in a return and standard 

are widely dispersed on the standard deviation axis, values ranging from 1.51

4.91%, indicating a significant spread in riskiness measured in ISK. The monthly average returns 

to a lesser degree, showing positive returns between 0.43 and 1.19%. Interestingly, 

to have the lowest standard deviation, whilst having the second highest 

nternational equities are the riskiest, according to the 

yet displaying the second lowest return in the sample period, measured in 

shows the values for the monthly arithmetic mean return

deviation for the five asset classes, Jan.98 - Jun.08 (in ISK).

International 
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Figure 7.1: Relationship between risk and return for the five asset classes
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Risk (standard deviation of ISK return)

is to compare and interpret the data obtained for the optimal portfolio 

for the five different asset classes, their Sharpe 

autocorrelation. 
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To the Icelandic investor, the mean return of domestic equities has outperformed international 

equities by more than double, 1.19% versus 0.52%
158

. Although currency effects on return and 

variance of international equities are expected to be significant, a more plausible explanation for 

the observed difference is the exceptional growth of the Icelandic equity market during the period 

of analysis. When we look at original returns in USD, international equities show lower returns of 

0.43% per month at a standard deviation of 3.06%. As returns are higher in ISK, it shows that the 

ISK has on average depreciated against the USD over the sample period. The currency 

conversion does thus not explain the great difference in returns.  

Historically, the average monthly returns on the Icelandic OMXPI equity index can be considered 

extremely high, compared to the MSCI ACWI index, in particular from the beginning of 2004 to 

mid 2007. The return development in 2008 indicates that the OMXPI growth rates have not been 

sustainable, which has implications for investors with long investment horizon, such as pension 

funds. Thus, it is expected that the optimal model will show high allocation to domestic equities 

if no restrictions are applied. 

Domestic bonds yielded an extremely high average monthly return of 0.87%, at a low standard 

deviation of 1.51%, which reflects the historically high interest rates associated with ISK bonds, 

resulting from the Icelandic Central bank´s monetary policy. The last columns show the US and 

EU money market returns. As expected, these returns are much influenced by the Icelandic 

currency, the US money market having a monthly return of 0.31% in USD, and the EU money 

market showing the same percentage in EUR, while the returns are 0.43% and 0.64% 

respectively, in ISK.  

The variance from investing in foreign assets, such as international equities or the US or EU 

money market can be expressed by the following equation: 

var(R) = var(r) + var(e) + 2cov(r,e) + ∆var 

where: 

var(r) is the variance of returns in the original currency 

var(e) is the variance of the exchange rate  

2cov(r,e) is the covariance between the exchange rate and the return, i.e. the exposure  

∆var is the contribution of a cross term  
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 The difference becomes even clearer when the monthly rates are annualized; the average annual nominal 

returns for international equities are 6.41%, while being 15.21% for domestic equities over the research period. 
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Table 7.3 reveals how different sources of variance contribute to the total variance. More 

specifically, the table shows how risk emerges from the Icelandic currency
159

. 

Table 7.3: Variance decomposition of the five asset classes. 

 
International 

equities 
Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

var(R) 0.00241 0.00240 0.00023 0.00093 0.00072 

      
var(r) 73.32% 100.00% 100.00% 0.23% 0.08% 

var(e) 37.70% 0.00% 0.00% 97.44% 98.00% 

2cov(r,e) -11.67% 0.00% 0.00% 1.74% 1.32% 

∆var 0.65% 0.00% 0.00% 0.59% 0.60% 

Total var(R) 100.00% 100.00% 100.00% 100.00% 100.00% 

Source: Own calculations 

The composition of the variance is very different between international equities on one hand and 

the US and EU money markets on the other hand. Most of the variance of international equities, 

73.32%, stems from returns of the MSCI ACWI index. Interestingly, there is negative covariance 

between international equity returns and the ISK exchange rate, meaning they change in opposite 

directions, which brings down the total variance. Nevertheless, it is very high compared to the 

returns. The variance of the US and EU money markets, can almost entirely be attributed to the 

exchange rate risk of the ISK. This is as expected because the money markets represent the hedge 

against currency risk. The covariance between direct returns on the US and EU money markets 

and the exchange rate is low, but positive. The variance of domestic equities and bonds are 

shown for comparison but as they are denominated in ISK there are no currency effects. 

7.2.2 Sharpe ratio 

This ratio describes how much return an investor receives for the extra volatility he endures for 

holding a risky asset. It is especially important to look at this ratio in our case since the ranking of 

the relationship between return and risk is unusual. The Sharpe ratio is calculated by dividing 

average monthly return with the corresponding standard deviation. The higher the ratio, the more 

compensation investors get for the risk they are exposed to. The goal is therefore to maximize 

this ratio. In table 7.4 we display the Sharpe values for the five asset classes. 
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Table 7.4: Sharpe ratio for the five asset classes, Jan. 98 to Jun. 08 (in ISK)
160

. 

 
International 

equities 
Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

Sharpe ratio 0.11 0.24 0.58 0.14 0.24 

 Source: Own calculations 

Domestic bonds give by far the highest ratio for the sample period, 0.58. Sharpe ratios are often 

high for bonds as they have a low standard deviation, compared to the returns they earn. This 

particularly applies to Icelandic bonds as the nominal rate on bonds is extremely high. The value 

of 0.58 means that if the standard deviation increases by 1, investors receive 0.58 higher returns. 

International equities have the lowest ratio, 0.11, thus being the least attractive investment 

opportunity according to this performance measurement. The US money market has a slightly 

higher ratio, 0.14, while domestic equities and the EU money market are on a par with 0.24. 

7.2.3 Kurtosis and skewness 

Kurtosis is a measure of relative concentration of distribution of returns, compared to a normal 

distribution which has a kurtosis of 3. High kurtosis implies that extreme return realizations occur 

more frequently than expected if returns are normally distributed, a phenomenon frequently 

referred to as fat tails
161

. Our results from kurtosis calculations are shown in table 7.5. Both 

international and domestic equities have relatively few extreme returns measured against the 

normal distribution. The EU money market has the highest kurtosis, 5.35, because much of the 

EU variance is due to infrequent extreme deviation of the ISK against the EUR towards the end 

of the sample period
162

. 

Table 7.5: Kurtosis and skewness for the five asset classes, Jan. 98 to Jun. 08 (in ISK)
163

. 

 
International 

equities 
Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

Kurtosis 0.28 0.36 2.95 0.14 5.35 

Skewness -0.17 -0.53 0.62 0.38 1.71 

Source: Own calculations 

The asymmetry of distribution of returns is measured by skewness. Positive values indicate that 

the right tail is longer so the distribution is concentrated on the left, and vice versa
164

. As shown 
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 See calculations in appendix 4.3. 
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 Zimmermann, H. et al (2003). 
162

 In comparison, the kurtosis for the EU money market for a 8 year period, from Jan. 1998 to Dec. 2005, was only 

0.98, which points out the significant extreme currency fluctuations of the ISK/EUR from 2006 to 2008. 
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 See calculations in appendix 4.3. 
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in table 7.5, equities are found to have negative skewness of -0.17 and -0.53, meaning more 

negative return values than in a normal distribution. Negative skewness is often observed in 

equity markets as can be seen in a research by Zimmermann (2003), where 11 out of 13 markets 

showed negative skewness during 1970 to 1998. The positive skewness of the US and EU money 

markets reflect that the ISK has depreciated more against these currencies contributing to more 

positive returns than negative. The depreciation of ISK against the Euro in 2007 and 2008 

contributes greatly to the extreme right skewness of 1.71 for the EU money market returns. 

7.2.4 Test of normality 

Non normality is a common problem in data analysis. In order to investigate whether the 

individual time series fulfill the condition of normality we make SAS produce the Anderson-

Darling normality test, known as the A
2
 statistic

165
. The underlying null hypothesis is that the 

returns are normally distributed. 

Table 7.6: Tests of normality for the five asset classes, Jan. 98 to Jun. 08 (in ISK). 

 
International 

equities 
Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

Anderson-Darling Test 0.370 0.815 0.919 0.397 3.213 

AD Probability (p-value) >0.25 0.036 0.020 >0.25 <0.005 

Source: SAS Enterprise Guide and own calculations 

As shown in table 7.6, the computed A
2
 statistic for international equities turned out to be 0.370, 

with a p-value over 0.25, which is reasonably high to be able to assume normality of international 

equity returns in ISK. On the other hand, domestic equity and bond returns show lesser degree of 

normality. Therefore, all the necessary assumptions of the data are not fulfilled. The effect of the 

presence of less normally distributed returns is that returns tend to be overestimated compared to 

the standard deviation. Thus, there is a risk of over-allocation to domestic equities and bonds in a 

mean-variance optimization model, based on a relatively short period, compared to what should 

be allocated in a long term perspective. Because of this, we recognize that the optimal portfolios 

we find may not be completely right, which we will be aware of when we interpret our results.  
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It is clear that the research period has shown an unusual pattern of return distribution, which is 

not expected to continue for the next decades
166

. From a long term perspective it is assumed that 

the domestic equity and bond market will enter a more stable period, with more resemblance to 

the normal distribution seen for international equities. Therefore, even though evidence of 

normality is weak for returns on the domestic market, we consider it to be adequate for optimal 

portfolio mean-variance analysis in the long term. 

7.2.5 Autocorrelation 

In time series data, there is always a possibility of autocorrelation that is successive error terms 

being correlated with each other. The presence of autocorrelation in the returns is tested by 

applying Ljung-Box (LB) test statistic. The reason for choosing this statistic is that it has been 

found to have more powerful small sample properties than similar tests. An autocorrelation 

coefficient (A� ) indicates how much dependence there is between neighboring data points in a 

return series. The LB test is a joint hypothesis that all autocorrelation coefficients, up to a certain 

lag, are simultaneously equal to zero
167

. If the coefficients are close to zero the residuals are 

uncorrelated and thus the returns are uncorrelated. The LB statistic is defined as: 

BC � D(D � 2)EF A��D � GH~J�K
L
���

 

Where n is the sample size and m is the number of lags being tested
168

. The test statistic follows a 

chi-square distribution with m degrees of freedom. If the computed LB value exceeds the critical 

value chosen from the chi-square distribution we can reject that ρN  is zero. For example at a 5% 

critical level, with 6 degrees of freedom, the critical value is found to be equal to 14.44. Higher 

values lead to a rejection of the hypothesis that no serial correlation exists, i.e. at least one serial 

correlation coefficient up to lag 6 is significantly greater than zero. Results from testing for 

autocorrelation by applying the LB statistic are shown in table 7.7
169

. 
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Table 7.7: Test of autocorrelation in the five asset classes, Jan. 98 to Jun. 08 (in ISK) 

 
International 

equities 
Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

Ljung-Box statistic 7.41 64.15 9.40 19.77 31.50 

LB Probability 0.2844 <.0001 0.1525 0.003 <.0001 

Source: SAS Enterprise Guide and own contribution 

Domestic equities show strong signs of autocorrelation according to the LB statistic, which 

means that positive returns are more often followed by positive returns in subsequent periods and 

vice versa. The value of 64.15 means we reject the hypothesis of no serial autocorrelation, both at 

the 5% and 10% levels. Similarly, there are indications of autocorrelations in both the US and EU 

money market returns at 5% levels. This result can lead to biased, thus unreliable, estimators of 

expected returns. Autocorrelation is a common problem in data analysis and we will keep these 

shortcomings in mind when we interpret our results. 

7.3 The first model: Optimal asset allocation without restrictions 

We use the mean-variance optimization, presented by Jorion and Khoury and introduced in 

chapter 4.7, when we find the optimal portfolio. The first step is to determine the covariance 

matrix of returns for the five asset classes. The diagonal in table 7.8 shows the variances while 

other figures represent the covariance between different asset classes
170

.  

Table 7.8: Covariance matrix of returns: Σ      

 
International 

equities 
Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

International equities 0.002413 
    

Domestic equities -0.000033 0.002401 
   

Domestic bonds -0.000002 -0.000193 0.000229 
  

US money market 0.000777 -0.000431 0.000072 0.000933 
 

EU money market 0.000260 -0.000367 0.000088 0.000206 0.000717 

Source: Own calculations 

The first column in the table shows that the covariance between international equities and both 

domestic equities and bonds is negative. In fact, the second column reveals that domestic equities 

vary negatively with all other asset classes. This means that while returns on domestic equities 

are above their expected value, the other asset classes tend to be below their expected values. 
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This has positive effects for international diversification, as one can bring down variance in a 

portfolio by investing in asset classes with negative covariance. 

The second step is to find the vector of excess returns µ , as well as inversing the covariance 

matrix of returns
171

, Σ-1
, as shown below

172
: 

µ  = 

O
PQ

0.29%0.38%0.06%�0.38%�0.17%T
UV       Σ-1 

=   
O
PQ

595.15 �94.24 139.13 �520.46 �132.24�94.24 511.76 279.14 251.32 189.57139.13 279.14 4859.72 �266.98 �428.89�520.46 251.32 �266.98 1669.43 �128.67�132.24 189.57 �428.89 �128.67 1630.21T
UV 

The third and the last step, is to find the vector of fractions of wealth invested in different 

assets ω. Given a risk aversion of one, we obtain the following results
173

:  

ω � ��!� Σ-1
 µ

   = 

O
PQ
% in international equites% in domestic equites% in domestic bonds % in US money market% in EU money market T

UV � 

O
PQ

21.04%109.80%525.86%�382.03%�145.63%T
UV 

The result from the vector of weights shows that investors should either borrow or invest in 

different markets, depending on the signs of the fractions. The sum of fractions is 129.04%, 

meaning the residual of -29.04%
174

 is obtained by taking a short position in risk free assets. The 

proportions in the vector can be interpreted as follows:  

• Invest 21.04%, 109.80% and 525.86% of the sector´s portfolio in international equities, 

domestic equities and domestic bonds respectively, together amounting to 656.7%. 

• To be able to hold these positions the investor must take up a loan worth 382.03%, 145.63% 

and 29.04% of the sector´s portfolio in the US, EU and domestic money markets respectively. 

It is not surprising that it is advised to put the majority of investments in domestic bonds, as we 

have seen that they have the highest Sharpe ratio, 0.58. Furthermore, it is logical that to borrow 

most in the US money market as the interest rates have on average been lowest there. 
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 By definition, the inverse matrix has the following property, Σ Σ
-1

 = I, where I is the identity matrix. 
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 See appendix 4.4. 
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Σ-1
µ

 
is referred to as the “log” portfolio, which is the portfolio chosen by an investor with a 

logarithmic utility function, and is universal across investors and currencies
175

. The positions 

obtained are optimal because they minimize the influence of exchange rate risk on the equity 

positions in the portfolio, given the variance, covariance and return of each asset class. Optimal 

fractions for each asset class are calculated for different risk aversion levels in table 7.9
176

.  

Table 7.9: Optimal portfolio fractions at different risk aversion levels 

Risk aversion levels, k 1 2 3 4 5 

International equities 21.04% 10.52% 7.01% 5.26% 4.21% 

Domestic equities 109.80% 54.90% 36.60% 27.45% 21.96% 

Domestic bonds 525.86% 262.93% 175.29% 131.46% 105.17% 

US money market -382.03% -191.02% -127.34% -95.51% -76.41% 

EU money market -145.63% -72.81% -48.54% -36.41% -29.13% 

Total 129.04% 64.52% 43.01% 32.26% 25.81% 

      
Risk free -29.04% 35.48% 56.99% 67.74% 74.19% 

Source: Own calculations 
        

Risk aversion of 1 represents a fund willing to take the highest risk of the ones presented, while a 

fund with a risk aversion of 5 wants to be exposed to the least risk. The model suggests lower 

asset fractions the more risk averse the investor is. For example less borrowing in foreign money 

markets is suggested as risk aversion increases, as leverage imposes risk on the portfolio.  

7.3.1 Expected return and standard deviation of the optimal portfolio 

Expected returns and standard deviations on the portfolios under different risk aversion levels are 

shown in table 7.10
177

. Returns are determined by multiplying each optimal asset fraction by the 

monthly return presented in table 7.2, and add the share invested in the risk free asset times the 

risk free rate. The standard deviation is computed by taking the square root of the portfolio 

variance, which is found by equation 4.9 in chapter 4.7. 
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Table 7.10: Optimal portfolio return and standard deviation at different risk aversion levels 

Risk aversion level 1 2 3 4 5 

Monthly return 3.17% 1.99% 1.60% 1.40% 1.28% 

Standard deviation 15.38% 7.69% 5.13% 3.84% 3.08% 

Sharpe ratio 0.206 0.259 0.311 0.364 0.416 

Source: Own calculations 
        

A fund with the lowest risk aversion of one can achieve a very high monthly return of 3.17%, but 

at the same time it has to accept a standard deviation of 15.38%. The expected return is therefore 

far from certain and can fluctuate from -26.97% to 33.31% assuming a 95% confidence interval, 

meaning that more than a quarter of the portfolio can be lost
178

. If the pension sector in Iceland 

collectively had the lowest risk aversion level, we find that the value at risk is ISK 477 billion 

(3.8 billion EUR) of the total sector´s wealth of ISK 1,770 billion (14.1 billion EUR), clearly 

being unacceptable by risk management standards of the sector
179

. However, it has to be 

considered that this is an extreme value of an unconstrained optimisation model, which proposes 

unrealistic leverage in foreign money markets. A more reasonable result should be obtained by 

introducing restrictions to the optimisation model, as will be done in the subsequent section. The 

outcome of the unconstrained model does though serve as a reference when interpreting the 

restricted model. 

7.4 The second model: Optimal asset allocation with restrictions 

In the first model we saw how the Icelandic pension funds could ideally allocate their holdings if 

no external restrictions applied. However, in reality the funds operate with constraints on their 

investments, imposed by law and regulations. In order to make the optimal portfolio allocation 

more realistic it is necessary to place limits on the fractions invested in foreign currencies and 

equities according to the constraints introduced in chapter 2.10. Moreover, the funds are not 

allowed to leverage themselves by taking up loans, imposing additional restrictions to the model. 

We thus enhance the initial model to become a constrained optimization model and find a 

solution which satisfies all conditions on different asset fractions. Two methods are used to find 

the optimal portfolios. The first determines the asset fractions which maximize the return to risk 

ratio, the optimal Sharpe portfolio, which is in effect maximizing return and minimizing variance 

in parallel. The second method involves minimizing the portfolio variance as before but in 
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addition a long term target return is included in the model. In the second model we use the same 

data as in the first one meaning the covariance matrix and vector of excess returns are the same. 

The risk aversion level is now set as a fixed percentile of risk free assets in the total portfolio, 

whereas in the first model it was the residual of the other fractions. To put it differently, the 

decision of which amount invested in risk free assets now determines the risk aversion level. In 

our analysis, a joint average risk aversion level for all the pension funds will be used, which is 

necessary to be able to find an optimal ´benchmark´ portfolio and reach conclusions. We are 

aware of that in reality risk aversion varies between pension funds because of different 

compositions of fund members and hence the maturity of claims. 

In the following sections, two optimal asset allocations are determined, dependent on the research 

objectives. First, we construct an optimal Sharpe portfolio for historical returns in order to create 

a single benchmark portfolio for past returns or what can be termed as ex post optimal portfolio. 

The objective is to provide a benchmark to investigate past performances of the pension funds in 

light of optimal holdings delivered by the model. Second, two optimal allocations for different 

target expected returns will be derived from the model, which are ex ante optimal portfolios. The 

idea here is to find optimal fractions that the funds should invest in the near future, according to 

historical data on returns and variances. The ex ante models differ in their returns, which are the 

manifestation of the funds´ collective expectations of sustainable economic conditions in Iceland.  

7.4.1 Restrictions of the second model 

In the second model we impose several restrictions. First, we fix the fraction in risk free assets at 

20%. This particular fraction is chosen as it corresponds to an adequate risk aversion level and is 

close to their average actual holdings of 15.60%
180

. As the risk free rate is very high during the 

period, 10.14% on average per year, the optimal Sharpe ratio could possibly be obtained by 

investing everything in risk free assets. We estimate that the amount equivalent to 20% of the 

pension funds´ assets is the highest amount of risk free assets available to the pension funds, as 

there is limited supply of risk free assets, such as government bonds
181

.  
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Second, we impose minimum and maximum fractions which limit allocations to other asset 

classes in the portfolio, as summarized in table 7.11
182

. 

Table 7.11: Limitations of individual fractions in different asset classes 

Asset class Minimum fractions Maximum fractions 

International equities 0% 50% 

Domestic equities 0% 60% 

Total equities 0% 60% 

Domestic bonds 0% 100% 

Total US and EU money markets -70% of international equities 0% 

Source: Own contribution 

Looking at the minimum fractions, they are set to 0% for equities and bonds as the pension funds 

cannot leverage themselves. However, they can hedge their international investments by shorting 

foreign money markets
183

. Currency derivatives are only allowed for the purpose of limiting 

foreign currency risk
184

, thus we have a joint restriction which conditions the short position in 

currencies not to be lower than the position in foreign equities. Furthermore, it is assumed that 

the funds will only partially hedge their positions, to a limit of -70% of international equities
185

. 

The maximum fractions are 50% for international equities, 60% for domestic equities and total 

equities cannot exceed 60% of the portfolio. There is no maximum limit on domestic bonds, but 

they will never reach 100% because 20% of the portfolio is allocated to risk free assets. In 

addition to the individual boundaries, an aggregate limit is set for the weights of the five asset 

classes, which together with the share in risk free assets equal to a total of 100%. 

7.4.2 Optimal portfolio for historical returns 

To evaluate optimal historical allocations to different asset classes we will use the portfolio 

which delivers the highest return to risk ratio. It should be noted that for historical returns, a 

target rate is not considered to be a decision variable, instead the rate of return is determined as a 

result of optimization. Table 7.12 displays the results which Excel Solver delivers for individual 

fractions, return and standard deviation, when maximizing the Sharpe ratio
186

. 
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Table 7.12: Optimal Sharpe portfolio fractions for historical returns, Jan.98 - Jun.08 

Asset class Optimal portfolio 

International equities 3.75% 

Domestic equities 11.88% 

Domestic bonds 64.37% 

US money market 0.00% 

EU money market 0.00% 

Total risky portfolio 80.00% 

Risk free assets 20.00% 

 
 

Annual rate of return 9.20% 

Annual standard deviation of return
187

 3.13% 

Sharpe ratio 2.94 

Source: Own calculations 

The resulting portfolio shows the average historical optimal fractions over the 10.5 year period, 

which produces the highest annual return of 9.20%, at the lowest standard deviation of 3.13%, 

giving a very high Sharpe ratio of 2.94. The high Sharpe value can be attributed to the favourable 

characteristics of domestic bonds, as they give very high nominal returns at a relatively low 

standard deviation, resulting in an unusually high Sharpe ratio
188

. The Solver thus allocates a very 

high fraction of 64.37% to domestic bonds, which also stems from the fact that correlations with 

other assets are low during the period, making them an even more feasible investment option.  

On the other hand, the model apportions only 11.88% to domestic equities and 3.75% to 

international equities, resulting in an optimal total equity holding of 15.63%, which is far less 

than allowed by the model restrictions. The fractions in the individual equity classes are very 

unlike, differentiating by more than threefold. This stems from their dissimilar returns, despite 

their similar risk level once the foreign equity returns have been converted to ISK
189

. The Sharpe 

ratio is therefore higher for domestic equities than international ones
190

, which explains why the 

model proposes a much higher fraction to domestic ones. 
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Surprisingly, no allocation is made to the US or EU money markets, suggesting that at an annual 

return of 9.20% and standard deviation of 3.13% there is no variance reduction benefits of 

entering a derivative contract which essentially means taking up a loan in foreign currencies. As 

we have found evidence that pension funds have at least partly hedged their foreign exposures
191

, 

we find it strange that there is no hedging proposal from the Excel Solver. To account for what is 

believed to be the actual practice of the pension funds, we have therefore decided to impose 

currency overlay to reduce exchange rate risk. This can be done by enhancing the model with 

selling of forwards, for the equivalent of 70% of the fraction in international equities. For 

simplification we only account for USD forwards. Time series for one month interest rates in ISK 

and USD are used, as well as the ISK/USD spot rate, to find the forward rate, according to the 

following equation: 

l m ,o � �1 � pqr�	1 � p�r  @m 
Where pqr  is the interest rate at home, p�r is the foreign interest rate and @m is the spot rate. The 

currency overlay decision slightly alters the asset allocations obtained in table 7.12. A negative 

position of 70% of the 3.75% allocation in international equities, -2.63%, is inserted for the US 

money market, and the risk free rate increased by the equivalent fraction, because the borrowed 

amount in the US market is invested in domestic risk free assets
192

. As a result of these changes, 

the return, standard deviation and Sharpe ratio alter slightly, see table 7.13.  

Table 7.13: The optimal Sharpe portfolio, after imposing forwards 

Annual rate of return 9.12% 

Annual Standard deviation of return 3.12% 

Sharpe ratio 2.92 

Source: Own calculations 

The standard deviation reduces to 3.12%, so the portfolio is slightly less risky by use of hedges, 

which is as expected from financial theory. However, the return and the resulting Sharpe ratio 

also decrease. The resulted change is negligible, as a 2.63% hedge is a small fraction of the total 

portfolio. It does thus depend on the cost of the forwards whether there are additional benefits 

from investing in hedging contracts. As it is not certain whether the modified portfolio is better, 

we use the portfolio before imposing forwards in the continuing analysis.  
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Assuming that the high historic annual risk free rate of 10.14% in the Icelandic market has 

implications on the model educes this component to be addressed. The equation for the efficient 

frontier can be derived to be the following
193

: 

6s � 10.14 �  0.30�� 

The fact that the riskless rate is higher than the return on the optimal risky portfolio results in a 

negative slope of the efficient frontier which is highly unusual and means that the pension funds 

get less returns by investing in the risky portfolio than in riskless assets. This is inconsistent with 

the equilibrium conditions, in which higher risk, measured in standard deviations, is compensated 

by higher expected returns. These unusual results could cast doubt on whether our findings hold 

as a model for deciding the optimal portfolio. 

As described in chapter 7.1.4, the risk free rate in this study is found by using the average three 

month interbank rate in Iceland. The economic conditions during the period of analysis are 

characterized by high inflation and large current account deficit, among other macro-economical 

instabilities, which explain the high interest rates on the ISK. The abnormal pattern of a 

downward sloping efficient frontier can therefore be attributed to that the conditions in Iceland 

have not been what the mean-variance model assumes to be equilibrium. The risk free interest 

rate and the negative slope of the efficient frontier should therefore be taken with a grain of salt, 

but it is nevertheless necessary for the model to assume that it exists. Furthermore, although a 

high annual return on risk free assets may be unrealistic, it has been pointed out in financial 

doctrine that it is not the realism of the model assumptions, but the acceptability of its 

implications, which should be of prime importance
194

. Therefore, in the long term and when 

equilibrium in the Icelandic economy is reached, we believe that the efficient frontier will be 

upward sloping as theory predicts. 

The risk free rate represents a short term rate with no standard deviation, which is a necessary 

assumption to be able to present the model for expected returns on future investment decisions. 

This assumption does not hold for the historical returns, as the Icelandic rate, used as a proxy for 

the risk free rate, has changed on certain months interval during the research period. The 
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interbank rate does thus have a standard deviation of returns and covariance with other assets
195

. 

This means that in comparing the average optimal portfolio to the average actual portfolio of 

prior periods, an equilibrium risk free rate of 10.14% does in fact not exist. These assets can 

nevertheless be thought of as the least risky ones available, which we use to define the level of 

risk aversion. 

Using different rate of returns in the model, it is possible to trace out the efficient frontier in a 

risk-return space, and show the optimal portfolio position under the conditions of riskless 

lending, see figure 7.2
196

. 

 

The figure shows the efficient frontier of portfolios at different return levels, the grey straight line 

representing different combinations of the risk free asset and the market portfolio. The negative 

slope of the grey line is different from what normally seen and predicted by financial theory
197

, 

because of the very high risk free rate. Because of the negative slope there is no tangency on the 

efficient part of the frontier and as a result, we find no market portfolio. Assuming pension fund 

managers are rational, they should always choose a portfolio on the efficient frontier, the 

placement depending on the level of risk aversion of each fund. In other words, in equilibrium, 
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 The standard deviation of the 3 month Icelandic interest rates is calculated to be 3.13% from Jan. 1998 to Jun. 

2008, which is very large compared to a 0.15% standard deviation of returns for the US money market (measured 
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every pension fund holds the same risky portfolio which has the lowest variance, independent of 

risk preference.  

Judging from the slope of the grey line, one might ask why invest in risky assets at all when a 

save return of 10.14% can be obtained when investing exclusively in risk free assets. As 

previously mentioned, we have fixed the fraction in risk free assets at 20% for the optimal model 

which is assumed to be the average risk aversion of the pension funds. The reason for not 

allowing a higher allocation to the risk free asset is the limited supply of risk free bonds in 

Iceland. Thus, for our optimal model, the pension funds cannot choose to position themselves 

further to the left on the grey line, due to the restriction on the risk free asset fraction. Moreover, 

as riskless borrowing is not allowed for in the model, it means that the funds´ restricted efficient 

frontier ends at the minimum variance portfolio, meaning the black solid line is outside their 

availability. The result from the optimization gives a rate of return of 9.20% and a standard 

deviation of 3.13%, as indicated by the point where the dotted and the grey line converge in 

figure 7.2.  

The historical optimal Sharpe portfolio, displayed in table 7.12, will be used as a benchmark 

when evaluating the performance of the pension sector´s average actual portfolio during the 

research period in chapter 8. In the next section we will modify the optimal model, by setting 

different expected target returns, instead of optimising the Sharpe ratio. This is done in order to 

examine the effects on the proposed asset fractions, as well as on the portfolio risk, and find 

indications of how pension funds should ideally invest, given historical returns and covariance of 

asset classes. 

7.4.3 Optimal portfolio for different target returns 

For future periods, setting a target return is considered to be a part of the investment decisions of 

pension fund managers. In this section we introduce the target rate as a decision variable and 

adjust the model to only minimize the standard deviation of the portfolio. In our model, the Excel 

Solver can only find results for target returns from 7.20% to 10.50%, thus these returns limit the 

range which is possible to choose from for the optimal target return portfolios. Assuming fund 

managers are rational, they seek a target return according to their expectations of sustainable 

economic conditions in the long run. As the economical state has been very unusual in Iceland in 

recent years, we construct two portfolios based on different long term expectations of inflation 
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and policy rates development, and thus expected nominal interest rates. We also account for the 

limitations of the model. 

In the first scenario we assume that pension fund managers share the common belief that 

economic stability will be reached in the long run. This implies that the exchange rate of the 

Icelandic currency will attain an equilibrium value, thus the inflation rate falls and the Central 

Bank can lower the policy rate substantially. Expected nominal returns are therefore set at a 

reasonable low level of 7.20%, which is also the lowest value allowed by the Solver and can be 

seen as a more risk-averse perspective
198

. The second scenario is where we presume that fund 

managers expect that the domestic economy will continue to show similar patterns of high 

inflation and policy rates, without leading to a financial crash with the resulting negative returns. 

Thus they set the target nominal return at a high level. In this case fund managers are to some 

extent less risk averse, believing that the historical growth rate of the economy can be 

sustained
199

. The particular return level we choose for the optimization according to these 

expectations is the highest one available by Solver, or 10.50%.  

As mentioned in chapter 2.10, the Icelandic pension funds operate as defined contribution funds 

which are not obliged to secure a specific return. The optimal fractions found for the two target 

return portfolios provide insight into how the funds should adjust their holdings according to their 

expectations and investment strategy. Excel Solver delivers the results shown in table 7.14
200

. 

Table 7.14: Optimal portfolio fractions for two different target returns 

Asset class 
7.20% target return 

70% hedge 
10.50% target return 

70% hedge 

International equities 40.18% 0.00% 

Domestic equities 0.00% 46.56% 

Domestic bonds 39.82% 33.44% 

US money market 0.00% 0.00% 

EU money market 0.00% 0.00% 

Total risky portfolio 80.00% 80.00% 

Risk free asset 20.00% 20.00% 

Source: Own calculations 
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 From the annual statements of Gildi pension fund in 2007, it can be seen that similar long term target levels 

have been set. It´s long term investment goal was 7.20%. 
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 These are expectations of nominal returns. The difference in expected real returns is less as expectations of 

inflation is higher in the high target return portfolio. 
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 See model calculations in appendices 4.8 (for the 7.20% target return) and 4.9 (for the 10.50% target return). 
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According to the model, the funds should allocate quite similar fractions of the total portfolio to 

equities and bonds, regardless of the target return. There is though a clear difference in suggested 

equity holdings. At the lower target level, international equities are dominant with a fraction of 

40.18% and nothing allocated to domestic equities. On the other hand, the high target rate 

appropriates 46.56% into domestic equities with no contribution to international equities. This 

striking contrast can be attributed to very different return characteristics between the Icelandic 

equity index and the world index. The negative correlation between domestic and international 

equities during the research period, normally suggesting investments in both asset classes due to 

benefits of variance reduction, is not enough to outweigh the effects of the large average nominal 

return difference
201

. The model thus suggests a strong home asset preference at the high return 

level and a portfolio dominated by international equities at the low target level, which is a result 

of what can be termed as a “return gap” between the two equity classes. 

Neither of the portfolios uses the available US and EU money markets for hedging the foreign 

positions to a maximum of 70%, although correlations between international equities and the US 

and EU money markets are fairly high on a monthly basis
202

. For the target rate of 7.20%, the 

variance reduction is not enough to compensate for the negative effect on returns from taking up 

a loan in foreign currency. Therefore, the model proposes that nothing of the 40.18% position in 

international equities should be hedged. This implies that using 10.5 year historical average of 

covariance and returns, investors are not rewarded with lower variance with regard to risk by 

hedging foreign currency exposures at the lower target level. Thus, strictly based on historical 

averages of covariance between international equities and currencies, the model proposes that no 

hedging of foreign positions should be practiced, even though the volatility of the ISK has been 

considerable during the period, as discussed in chapter 5.2. 

The effect of only allowing partial hedge is worth considering, as that restriction could have an 

effect on the proposed hedge fractions. Therefore we compare a 70% partially hedged portfolio to 
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 On an annual basis, the average nominal return difference between the OMXPI and the MSCI world index, 

converted to ISK, was more than double, 15.2% – 6.4%  = 8.8%, for the research period. 
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 For example, the monthly covariance between international equities and the US money market is 0.000777 for 

the period of analysis, suggesting that a negative (short) holding of the latter asset class would lower the overall 

variance and thus provide a beneficial hedge. We refer to table 7.8 for the covariance matrix of returns. 
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a portfolio where a full hedge is allowed. This is done for the higher target return portfolio. See 

table 7.15 for results on asset allocations, as well as return and standard deviations
203

. 

Table 7.15: Effects of different hedge levels for high target expected return 

Asset class 
10.50% target return  

70% hedge 
10.50% target return 

100% hedge 

International equities 0.00% 8.09% 

Domestic equities 46.56% 44.27% 

Domestic bonds 33.44% 35.73% 

US money market 0.00% -8.09% 

EU money market 0.00% 0.00% 

Total risky portfolio 80.00% 80.00% 

Risk free asset 20.00% 20.00% 

   
Annual standard deviation 6.83% 6.75% 

Source: Own calculations 

It can be seen that allowing for a full hedge causes the Solver to allocate a fraction of 8.09% to 

international equities, which is fully hedged by taking up a loan in the US money market. A 

higher historical covariance between the MSCI index and the US money market, compared to the 

index and the EU money market is believed to be the reason why the model only uses the US 

currency hedge. The allocation effects on domestic equity and bond holdings are negligible, 

decreasing equities by 2.29% and increasing bonds by the same fraction. In addition, the portfolio 

risk reduction from the position in international equities and the corresponding hedge is small, 

only amounting to a standard deviation of 0.08%. It is thus uncertain whether a 100% hedge at 

this target level is beneficial, as the costs of full hedging are not included in the optimization. 

Returning to the two portfolios with target returns of 7.20% and 10.50%, the expected standard 

deviations on returns, converted to yearly basis, are shown in table 7.16
204

. 

Table 7.16: Optimal portfolio standard deviations for different target returns 

 
7.20% target return 

70% hedge 
10.50% target return 

70% hedge 

Annual standard deviation 7.55% 6.83% 

Sharpe ratio 0.95 1.54 

Source: Own calculations  
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At the lower target level we have slightly higher yearly standard deviation of 7.55%, compared to 

6.83% for the higher target return portfolio. Therefore the Sharpe ratio is considerably higher for 

the 10.50% target. For a standard deviation of 7.55%, at an expected annual return of 7.20% there 

is considerable risk of negative returns, which should signal a warning for pension fund 

managers. Assuming normality of returns, approximately 17% of the time managers could expect 

a negative nominal return, in contrast to only 6% of the time for the high target portfolio
205

. From 

this one might conclude that the higher target return portfolio was a more sensible choice. 

However, the standard deviations and Sharpe ratios apply for the past, while target returns are set 

for the future in accordance with current expectations. These results can be attributed to the 

characteristics of the research period, which are extremely high average returns on a relatively 

newly established equity market. It is questionable whether these characteristics can be sustained 

for the forward-looking portfolio. It is thus uncertain which portfolio is better, but they will be 

tested against actual results in chapter 9.  

7.5 Robustness tests 

To analyse the effects that the research period has on our results for the optimal Sharpe portfolio, 

we perform several robustness tests on the data. We expect that different conditions on the 

financial markets must have an influence on the optimal asset allocation for each given period. 

Therefore we anticipate unlike optimal asset allocations for different periods. 

7.5.1 Data implications and the importance of robustness tests 

If return characteristics do not change with time and historical data of returns are uncorrelated, 

then the more historical data on returns used generally improves estimates of expected returns
206

. 

However, characteristics of security returns usually change over time and as shown in chapter 

7.2.5, it is almost certain that some degree of serial autocorrelation exists in domestic equities, 

and to a lesser degree in international equities and domestic bonds. When data on returns suffers 

from the symptoms of autocorrelation, the variance tend to increase with longer time horizons. 

For example, a research by Edwards and Goetzman (1994) revealed that estimated annualized 

standard deviation of highly autocorrelated US Treasury bill returns of 10 year horizon was 

roughly 6.0%, compared to 3.2% for one year horizon. This underlines the importance of 
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robustness tests, as the autocorrelation present in historical returns is likely to overestimate the 

standard deviation for the asset classes, which in turn probably leads to less allocation into the 

affected asset classes, depending on the correlation structures. 

7.5.2 Optimal portfolios in different sub-periods 

We divide the 10.5 year research period down to four sub-periods, each presenting special 

circumstances in the market, as summarized in table 7.17. 

Table 7.17: Overview of market conditions in different sub-periods. 

 
Sub-period Reason for this period General market conditions 

# 1 Jan. 1998 to Feb. 2001 Prior to the floating of the ISK Up-market 

# 2 Mar. 2001 to Mar. 2003 Post the floating of the ISK Down-market 

# 3 Apr. 2003 to Jun. 2007 Global economic boom Up-market 

# 4 Jul. 2007 to Jun. 2008 Global financial crisis Down-market 

Source: Own contribution 

The first and the second period are chosen to examine the effects of the change from a fixed to a 

floating currency, which took place in March 2001. In general, equity markets where in an 

upward trend in the first period, from 1999 to 2001, while they were downward trending the next 

two years. We select the third period because an economic boom prevailed in financial markets 

during that time, which came to an end in mid 2007, the time point where sub-period 4 starts. 

Significant downturn in equity markets, a global financial crisis, characterises period 4. 

We use the optimal Sharpe portfolio method to find asset allocations for each sub-period
207

. The 

results are presented in table 7.18, where we also exhibit the results for the whole period, found 

in chapter 7.4.2. In addition, we calculate returns and standard deviations for each portfolio. 
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Table 7.18: Optimal Sharpe portfolios for the whole period and different sub-periods.  

Asset class 
Whole 
period 

#1: Before 
ISK floating 

#2: After ISK 
floating 

#3: Economic 
boom 

#4: Financial 
crisis 

International equities 3.75% 6.82% 0.00% 23.14% 8.69% 

Domestic equities 11.88% 8.44% 10.65% 16.16% 0.00% 

Domestic bonds 64.37% 64.74% 69.35% 57.72% 71.31% 

US money market 0.00% 0.00% 0.00% -17.02% 0.00% 

EUR money market 0.00% 0.00% 0.00% 0.00% 0.00% 

Total risky portfolio 80.00% 80.00% 80.00% 80.00% 80.00% 

Risk free asset 20.00% 20.00% 20.00% 20.00% 20.00% 

Annual rate of return 9.20% 7.04% 10.18% 14.87% 15.77% 

Standard deviation 3.13% 3.04% 2.13% 3.19% 6.88% 

Sharpe ratio 2.94 2.31 4.79 4.66 2.29 

Source: Own calculations 

The results confirm that optimal asset allocations depend greatly on the periods they originate 

from. Common to all periods is that the majority of the portfolio should be allocated to domestic 

bonds, as they have a very favourable Sharpe ratio. Allocation to equities is also suggested in all 

cases but the fraction varies greatly between periods. In the up-markets in period 1 and 3, much 

more should be allocated to equities, than in the down-markets. This is not surprising as equity 

prices generally increase heavily in the bull market, yielding high returns. The contrast between 

the bull and bear market is most clear in periods 3 and 4, where a 39.30% allocation to equities is 

suggested in the former and only 8.69% in the latter.   

7.5.2.1 Sub period 1 and 2:  Before and after the floating of the ISK 

In the first period, equity markets were showing signs of an upward trend. However, bonds 

yielded relatively less than in other periods as the result of relatively low domestic policy rates, 

leading to the lowest return of the sub-periods, 7.04% on the total portfolio. In the second sub-

period, both domestic and international markets showed negative returns, but the return on the 

bond market was double as high as in the first sub-period, and the standard deviation was lower. 

Therefore the Sharpe ratio for the second sub-period is the highest, 4.79, an extremely high value.  

The composition between domestic and international equities differs substantially between sub-

periods. In the first period, allocation to these classes is somewhat evenly divided, whilst no 

allocation to foreign equities is proposed in the second period. This is because foreign equity 

markets significantly declined in sub-period 2, but the influences were not as severe in the 
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domestic equity market. The floating of the ISK at that time also has an influence on these results 

as it appreciated during the period
208

. A strengthening currency, in addition to falling foreign 

markets, is believed to be the reason why the model makes no allocation to international equities. 

7.5.2.2 Sub period 3 and 4: Economic boom and financial crisis 

In the third period, where equity markets were booming, a high allocation of 23.14% is suggested 

to international equities and 16.16% to domestic ones. Interestingly, this is the only period where 

hedging is proposed, all from the US money market. This is because the ISK was appreciating 

during the period which makes overseas returns poorer with no hedging. In the last sub-period no 

allocation is made to domestic equities, as they were falling dramatically. International equities 

fell as well, but the influence was less severe because of the depreciating ISK at the time, 

resulting in an 8.69% allocation to foreign equities. 

The portfolio for the third period has high returns of 14.87%, because of booming equity markets, 

yet the returns are volatile, as the high standard deviation of 3.19% indicates. In this period, 

bonds gave low returns as in the first period, thus a lower fraction is allocated to this class than in 

other periods. Surprisingly, returns are very high in the last sub-period, when the global financial 

crisis erupted. Again this is because of high returns on domestic bonds, as policy rates in Iceland 

were among the highest in the world due to economic instability. Therefore the model proposes 

almost 70% of the portfolio to this asset class, resulting in an annual return of 15.77%. The 

standard deviation is nevertheless relatively high compared to other periods, 6.88%. 

Returns and standard deviations on the portfolios for different sub-periods vary significantly. The 

up- and downward trends in the equity markets during the periods do not necessarily mean that 

they yield the highest or the lowest returns to the pension funds, because of their asset 

composition. As bonds are the largest asset class in all portfolios, they dominate the overall effect 

on risk and return. Changes in returns on domestic and international equities thus have less effect.  

7.5.3 Notes on the robustness tests 

Concluding, robustness analysis has shown that the optimal Sharpe model delivers different 

portfolios for the four sub-periods, depending on their characteristics. For periods with high 

equity returns, there is higher allocation to equities and lower for the periods with falling equity 

prices. Returns and risk on the portfolios for the different sub-periods are very unlike, the asset 
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composition of the portfolio controlling the result. Correlations have an impact on the results 

from the model optimization, as low or negative correlations constitute less risk
209

. 

Measurements of correlation coefficients thus give additional insight into why the model 

allocates particular fractions to certain asset classes. The most significant result from the 

correlations analysis is the very low overall correlation between the domestic asset classes and 

international equities. The Icelandic financial market has shown different trends than the 

international market and has similarities to emerging markets. 

7.6 Conclusion  

In this chapter we have found several optimal models, which are built on theory presented by 

Jorion and Khoury where currencies and assets are decided in parallel. The Icelandic currency is 

found to play a significant role in determining foreign returns and variance, making international 

investments riskier. In order to evaluate the validity of applying mean-variance optimization, the 

return data series used were investigated and checked for normality and autocorrelation. We 

found indications that not all the asset classes are normally distributed nor free from 

autocorrelation in returns. Non-normality can lead to over-allocation to the relevant asset classes 

and autocorrelation may result in biased estimators of expected returns.  

Two optimal models were constructed. Results of the first unrestricted model were presented to 

introduce the theoretical framework and prepare for the second more complex restricted 

optimization model. The second model was used to deliver three optimal portfolios fractions. 

First, historical or ex post fractions which optimized the Sharpe ratio, and secondly two forward-

looking or ex ante portfolios, where the variance was minimized with two different target returns. 

The purpose was to investigate the effect of expected returns on the fractions of the optimal 

portfolio. Problems arising from using a high risk free interbank rate were addressed from a 

theoretical standpoint and the efficient frontier was drawn out for the historical optimal portfolio. 

Common to all portfolios is a high optimal fraction in indexed domestic bonds, which have 

historically yielded high nominal returns at a relatively low standard deviation. To our surprise 

none of the optimal models proposed hedging investments overseas and probable explanations 
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were found for this result
210

. Furthermore, a currency overlay with forwards was imposed on the 

model but was found to have negligible effect on the optimal historical portfolio variance. 

Finally, robustness tests were made, where the whole period was divided after characteristics in 

the market at each time. Optimal fractions for 4 sub-periods were found in order to investigate the 

effects of the selected data on allocation fractions, in light of previously found symptoms of 

autocorrelation and non-normality. This chapter lays the ground for an evaluation of the 

performance of the actual portfolio, and an analysis of whether there was evidence of 

shortcomings in the actual portfolio allocation, both in a historical and forward looking 

perspective. That is the subject of the next two chapters. 
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8 Comparison of historical actual and optimal portfolios 

In previous chapter we have built an historical optimal model of how the pension funds could 

have optimally invested during the last 10.5 years, based on our first research objective. In this 

chapter we will apply this benchmark to the real world in order to investigate the investment 

strategy of the Icelandic pension funds. The goal of this chapter is therefore to assess how well 

the pension funds allocated their funds on average, and to identify theoretical factors which could 

have influenced the pension funds to allocate differently than our model proposes. We use a 

structured approach to our analysis, providing possible reasons for the different results found in 

our optimal model versus the actual allocation for each asset class. At the end of the chapter we 

are able to conclude about the actual performance of the Icelandic pension sector.  

8.1 Historical portfolio comparison 

By combining the average actual portfolio presented in table 6.1 and the historical optimal 

portfolio table shown in table 7.12, we obtain table 8.1. The comparison is for January 1998 to 

June 2008, thus the crisis month of October is excluded. The table also compares the nominal 

return and standard deviation, measured in ISK. As mentioned in chapter 6, the return and 

standard deviation of the actual portfolio is measured from data only available until 2007, thus 

the return for the first half of 2008 is not included in the average. 

Table 8.1: Difference between optimal historical and average actual portfolio, Jan.98 to Jun.08 

Asset class Optimal portfolio Actual portfolio Difference 

International equities  3.75% 21.35% -17.60% 

Domestic equities 11.88% 20.88% -9.00% 

Domestic bonds 64.37% 42.17% 22.20% 

Total risky portfolio 80.00% 84.40% -4.40% 

Risk free assets 20.00% 15.60% 4.40% 

    
Annual nominal rate of return 9.20% 10.80%* -1.60% 

Standard deviation of returns 3.13% 6.80%* -3.68% 

Sharpe ratio 2.94 1.59* 1.35 

Source: Own calculations 
* These figures are built on data from 1998 to 2007, not including Jan.-Jun. 2008. 

The most immediate observation that can be made is that while both portfolios are dominated by 

domestic bonds, they weight much more in the optimal portfolio than in the actual one. 64.37% 
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of the total portfolio is selected to be optimally allocated to this asset class, while in reality only 

42.17% was used on average during the 10.5 years. On the other hand, allocation to equities, both 

domestic and international, is much lower in the optimal portfolio than in the actual one. This is 

particularly apparent for international equities, where 5.7 times the optimal fraction is allocated to 

them in the actual portfolio. The domestic equity fraction is also almost double as high in the 

actual portfolio as in to the optimal one. 

If only allocation between domestic and international equities is considered, there is a substantial 

difference between the two portfolios. While over 50% of the actual portfolios´ equity holdings 

are in foreign stocks, they are less than a quarter of total equities in the optimal portfolio. Thus, 

the domestic part of the equity holdings is more dominant in the optimal portfolio, although being 

a smaller fraction of the total portfolio of assets. One could thus conclude that the pension funds 

have not only placed too much weight in equities, but also allocated far more into international 

equities during the period than can be justifiable by the benefits of variance reduction. 

The actual portfolio has on average yielded a very high nominal return of 10.80% during the 

period with a standard deviation of 6.80%. In contrast the historical optimal portfolio has a lower 

return of 9.20% but at a much lower standard deviation of 3.13%. The difference in Sharpe ratios 

is thus significant, the optimal portfolio has almost double as high Sharpe ratio as the actual one. 

This makes the optimal portfolio significantly better, where a higher return is delivered compared 

to risk. Moreover, the actual portfolio is considerably riskier, which is less consistent with the 

goal of the pension funds. 

According to the optimal model, the pension funds should have allocated substantially more in 

high yielding Icelandic bonds and less to international and domestic equities. One of our main 

findings here is therefore that ex post, a clear bias for selecting the equity asset class can be 

perceived despite that it did not deliver optimal return to risk benefits. This historical ‘equity 

preference puzzle’ will be discussed in detail in next sections. 

8.2 The Icelandic pension funds and historical ‘equity preference puzzle’ 

Our actual portfolio shows evidence of overexposure to equities during the period, especially 

towards the end of the period
211

. In fact, the average optimal portfolio proposes a more traditional 
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bond dominated portfolio, which is similar to the asset allocation structure of the Icelandic 

pension funds at the beginning of our research period. 

Significant investments in international and domestic equities, accounting on average for more 

than 40% of the actual portfolio, raises questions about the pace of which the pension funds 

adopted these asset classes during the period, especially because of the recently developed 

domestic equity market. Although it is clear that the Icelandic pension funds were following a 

more general worldwide trend of increased diversification
212

, this conclusion casts doubt on the 

funds´ high commitment to equities as means of providing the long-term returns that they require. 

By allocating almost 80% into domestic assets, the Icelandic pension funds are modestly 

diversified among funds in the developed countries, as pension funds tend to invest at least 60% 

of their assets at home, and at most 90%
213

. While an indication of an ‘equity preference puzzle’ 

is present in the average actual portfolio by strictly measuring against our optimal model, more 

variables play a role in reality that do not directly enter our model. 

In next sections we begin by identifying several factors which could have influenced the pension 

funds to allocate more to international equities than our optimal mean-variance model proposes. 

Secondly, the domestic equity class will be discussed in search of explanations for the large 

allocation made to that class. Thirdly, explanations for the difference in domestic bonds will be 

discussed.  

8.2.1 Factors explaining the difference in allocation into international equities 

The factors which are believed to have contributed to a considerably higher international 

diversification over the period are the following: 

1) Extremely favourable correlation structures with international markets during the period
214

. 

As seen in chapter 7.5.2 there was a negative correlation between international equity returns 

and returns on domestic securities during the period. This is believed to have had strong 

influence on the investment strategy of the pension funds. Furthermore, research has shown 

that pension funds managers tend to take a conservative approach to international 

investments, and their motivation is more bound to risk-reduction characteristics rather than 
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foreign equity markets increased, thereby lowering the risk reduction benefits, see appendix 3 and table A3.5. 
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expectations of superior long-term returns
215

. While investors can normally expect to gain 

from diversification, by simultaneously raising mean returns and reducing the overall risk of 

their portfolios, Icelandic investors have to buy lower overall portfolio risk by lowering 

expected mean returns on their portfolios as they diversify. Thus, this suggests that from the 

Icelandic investors´ perspective, more risk aversion would imply choosing a larger share in 

international assets to lower portfolio risk. Previous research and cross-country comparison 

has shown that an optimal risk to return portfolio can be attained by exposure to international 

assets of 20% to 30%, based on historical variances and covariance. In 1998, shares in 

international assets were close to 20% in Australia, Canada, Japan, Switzerland and the 

UK
216

. 

2) International equities as a hedge against country-specific risks. Domestic securities generally 

exhibit stronger correlation to country-specific shocks, which can have natural causes (for 

example, volcanic eruptions or earthquakes) or are caused by collapse of domestic markets. 

Although high returns, obtainable in the early stages of domestic financial market 

development, can often induce pension funds to hold large amounts of home assets, it exposes 

them to idiosyncratic shocks that can happen to the country. As an example of exposure to 

volatile domestic securities, the defined-contribution pension funds in Chile in 1995 

plummeted to negative returns of -3.2% due to their preference of investments in domestic 

electric- and telecommunications companies, which had generated high returns the previous 

13 years
217

. Furthermore, Davis (2005) points out that pension funds´ international investment 

offsets losses when domestic financial markets fail due to banking or currency crisis. The risk 

of severe country-specific equity market crash or insolvency risk of domestic investments is 

not captured in our optimal mean-variance model, but it is believed to have a bearing on 

investment decisions of the Icelandic pension fund managers in reality. 

3) Intrinsic characteristics of the Icelandic economy. Given the small size of the domestic 

financial markets relative to the pension fund assets, international investment offers benefits 

at a wider level. In the case of the Netherlands, where pension fund assets exceed the 

country´s GDP, as in Iceland, it has been pointed out that simple liquidity considerations 
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could necessitate international investment
218

. Moreover, in a small, open economy, which is 

dependent on imports, it has been argued that pension funds are inclined to seek currency 

exposure comparable to the traded-goods proportion of the basket of goods consumed by the 

typical pensioner
219

. This can be thought of as similar practice to currency hedging, as the 

foreign consumption needs of beneficiaries will be matched by the foreign holding in the 

pension fund portfolio, protecting the longer term consumption possibilities
220

. 

8.2.2 Factors explaining the difference in allocation into domestic equities 

As previously discussed, the optimal portfolio allocates markedly less to domestic equities than 

can be seen from actual averages. Although we do not observe a ‘equity home bias´ in the 

pension sector´s actual portfolio, which is typically measured as a pattern of less international 

diversification than can be justified by mean-variance calculations, it is clear that the sector´s 

position in a small, undiversified equity home market has been remarkably large. In fact, given 

the extremely favourable risk and return characteristics of domestic bonds during the period, it 

would have made sense to re-allocate from riskier domestic equities into more stable and high 

yielding fixed income bonds. It is interesting to note that the actual average holdings even surpass 

what can be deemed as optimal for the best case or ´booming´ sub-period 3 in chapter 7.5.1
221

. 

The factors which we believe to have contributed to a domestic equity preference are the 

following: 

1) Return characteristics of the domestic equity market. Exceptional growth period in the 

domestic market resulted in significantly higher average returns than in international markets, 

at similar risk levels
222

. The enormous accumulation of domestic equity values during the 

period is believed to have made the pension funds reluctant to re-allocate their holdings. This 

can be seen by looking at the development of the value of domestic equities, in 1998 it was 29 

billion ISK (0.4 billion EUR), but had inflated to nearly 252 billion ISK (2.0 billion EUR) in 

June 2008, a nearly 9 fold increase in ISK in real terms
223

. Rather than reallocating their 
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portfolio to an asset class with less risk and realize the gains, the pension funds chose to hold 

their domestic equities at a relatively high level, 9% over the optimal level (see table 8.1). 

One possible reason for this behaviour is that this was considered a long term investment in 

domestic companies, which were believed by the pension funds to have a viable long term 

business model. Similar patterns can be observed in pension fund portfolios in Chile in 1980 

to 1995, where funds exhibited a strong preference for domestic assets, even though 

localization requirements were relaxed in 1991. During this period the domestic equity 

market in Chile were characterized by higher returns at a lower risk than the global 

portfolio
224

, which can be seen as similar to the development of the Icelandic equity market. 

Moreover, studies of institutional investors in Canada, the UK and the US have shown that 

these investors have much less equity turnover in domestic markets than in foreign markets, 

which suggests that they tend to hold longer to domestic investments
225

. 

2) Optimism bias on home markets and investor behaviour. French and Poterba (1991) show in 

their research of portfolio holdings of US and Japanese investors, that portfolio patterns imply 

that investors in each country systematically tend to expect higher returns in their domestic 

market than in other markets. Behavioural factors such as these might have induced the 

Icelandic pension funds to hold domestic equities at much higher level than can be 

rationalized by the optimal portfolio. 

3) Pressures to invest according to nonfinancial objectives in the domestic equity market. 

Researchers have found that pension funds are often subject to demands from the 

government, trade unions and local interest groups to invest in “socially responsible” ways, 

directing the funds to domestic investments. This often arises from protectionist assumptions 

that domestic investments help the local economy by (a) raising the supply of long-term funds 

(b) strengthening the efficiency of fund allocation, and (c) stimulating the financial 

infrastructure of the country
226

. However, it is hard to provide sufficient empirical content to 

support that these pressures have been an influential factor. In addition, cross-country 
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evidences show little support for the claim that an accumulation of pension fund assets would 

provide strong external benefits for financial development
227

. 

8.2.3 Factors explaining the difference in allocation into domestic bonds 

The equity preference bias seen by comparing the optimal to the actual average portfolio is 

apparently almost equally offset by a sizable domestic bond aversion in the actual portfolio. This 

is more difficult to explain as the bonds show high returns at a significantly lower risk than their 

domestic counterparts in the equity asset class. As bonds are the single most important asset class 

in the Icelandic pension funds´ holdings it is quite puzzling that the funds did not allocate more to 

this asset class during the period. To add to the attractiveness of this asset class, it is largely made 

up of CPI indexed bonds (HFF-bonds) which offer protection to relatively high domestic 

inflation. We believe that more factors must come into play in reality beyond the fraction 

proposal of the optimal allocation. 

1) Liability structure and duration. The maturity of pension funds´ liabilities or payment claims 

has a major impact on the share in bonds in a country´s pension sector´s portfolio. Pension 

funds will generally hold the bond asset class to match the maturity of anticipated payments. 

This is measured by the liability duration, or average time to a bond´s discounted cash flow. 

When maturity of pension funds increase, it means shorter duration of liabilities, generally 

prompting a shift towards asset classes with a stable fixed cash flow structure. For example, 

due to growing maturity of pension funds´ liabilities in the U.K, the fraction in bonds 

increased from 14% to 19% during 1995 to 1998
228

. As noted in chapter 2.4, demographics of 

the Icelandic population have been favourable for the pension funds during the period. High 

fertility rates and low old age dependency ratio mean that large new generations entered the 

labour market while few are crossing the retirement age threshold. This translates into 

relatively long maturity of claims for the Icelandic pension sector, as contributions were 

building up during the period with lesser amount paid out to beneficiaries
229

. 

2) Inflation risk. Increased domestic inflation affects bonds chiefly in two ways. First, higher 

inflation hikes nominal interest rates, which normally has a negative impact on the price of 

bonds. Since it is assumed that most of the domestic bonds of the pension funds are CPI 
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indexed, it is believed that this effect has a smaller impact on the allocation into domestic 

bonds. Secondly, higher prices in the economy are reflected in higher wages, which has the 

effect that pension funds need to deliver higher pension benefits in the future. In this context 

it is important to note that one of the pension funds key objectives is to match, or preferably 

exceed, the growth in average labour earnings, which determines the replacement rate at 

retirement
230

. It is therefore probable that pension fund managers decided that a lower 

fraction in domestic bonds was a sufficient protection against inflation and wage increases. 

3) Interest rate risk. The risk of changes in interest rates is likely to play a role in the trend of 

decreasing holdings in domestic bonds. In light of declining yield curves from the beginning 

of 2002 and further lowering due to sharp increase in mortgage lending in 2004
231

, it is likely 

that pension fund managers adjusted their expectations of long term interest rates downward, 

after a peak in demand for domestic bonds around the end of 2004. Lower yields reduce the 

attractiveness of bonds and cause reallocations of investments into other asset classes as bond 

prices devaluate. Since pension fund managers do not want to be as exposed to the risk of 

decreasing interest rates on domestic bonds, they diversify the funds´ portfolios by increasing 

equity holdings. In addition, they are most probably concerned about default risk, as 

corporate bonds are a part of the bond portfolio. 

8.3 Assessment of the actual historical portfolio 

Based on historical averages of 10.5 years, the actual portfolio gives rise to what can be termed as 

the “equity preference puzzle” of the Icelandic pension funds. We have seen indications that the 

equity asset class was adopted far too rapidly by the Icelandic pension sector. Measured against 

an optimally constructed portfolio we thus find that the pension funds held almost triple the 

optimally proposed fraction in equities
232

. The arguments for increased international 

diversification beyond the optimal fractions are generally sound, based on the openness of the 

economy and relatively risky domestic capital market.  
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The reasons for the pension funds´ investment strategy of holding large positions in domestic 

equities are less obvious. We believe that non-financial external factors such as optimism and 

pressures from interest groups must have played a key role in the actual holdings in domestic 

equities, as an actual investment this large cannot be rationalized by the model. In addition, the 

large accumulation of wealth and high expectations of future growth attributed to their 

investment, but the uneasy fact remains that the local equity market was extremely undiversified, 

very risky, and showing characteristics of an asset bubble during most of the research period. 

From the historical portfolio comparison and given possible imperfections of our model, we 

conclude that the Icelandic pension sector should on average have invested less in equities, and 

put more focus on traditional investments in extremely high yielding domestic bonds. Apart from 

the benefits identified for increased international diversification in equities, the accumulation of 

investments in equities remains a puzzle, given that the pension funds were free to shift their 

investments to domestic bonds during the period. 

8.4 Conclusion 

In this chapter we have compared the historical optimal Sharpe portfolio to the actual portfolio of 

the pension sector and discussed several potential reasons for observed deviations thereon. We 

observed that the pension funds allocated significantly more to equities and less to bonds than 

deemed optimal according to our mean-variance model, which we termed as the “equity 

preference puzzle”. Factors were identified to have an effect on the investment strategy of the 

pension funds that are not directly accounted for in our model, giving probable explanations of 

deviations found in the allocations. 

The ex post deviation found in international equity investments, where the pension funds 

historically allocated a significantly higher fraction in the actual portfolio, may be explained by 

favourable correlations between domestic and foreign markets during the period, country risk 

considerations and liquidity issues on the domestic capital market. Furthermore, foreign 

investments may function as a hedge for future consumption of imported goods. 

Next we analysed possible reasons why the pension funds have preferred more than double the 

amount of domestic equities than proposed optimal during the period. There we found less 

concrete explanations of the funds´ choice of investment strategy, but it is clear that the alluring 

returns in the newly established equity market in Iceland played a large role. High expectations 
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and optimism of the business model of listed domestic companies is believed to have been a 

factor, as well as indirect pressures from interest groups to allocate more into domestic equities. 

As a result of the observed “equity preference puzzle” in the actual historical portfolio, it follows 

that the pension funds invested significantly less in domestic bonds than can be deemed optimal 

by our model. We find the funds´ choice to keep domestic bonds at such a low fraction surprising 

as bonds showed extremely favourable risk and return characteristics during the research period. 

Plausible explanations were presented, one being the favourable liability structure and the 

relatively long maturity of claims due to population demographics in Iceland. CPI indexing of 

nearly all long-term bonds makes them an almost perfect hedge against inflation, which may 

induce fund managers to hold lower fractions as they are believed to match predicted inflation 

effects on pension funds´ liabilities. Furthermore, fund managers´ expectations of decreasing 

interest rates are believed to have had an effect on lower investment fractions in bonds. 
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9 Target and actual portfolio performance in October 2008 

In this chapter we will estimate the performance of the two optimal target return portfolios 

previously found, against the actual portfolio during the crisis month of October 2008. The 

reason why we have chosen October 2008 is that it was a highly extraordinary in terms of 

negative returns on the domestic equity market
233

. This gives a valuable insight into how different 

investment strategies have on the pension funds´ portfolio performance in the unlikely event of a 

collapse of the domestic equity market.  

Two scenarios for October 2008 will be constructed based on two different sets of expectations. 

In the first scenario, it is examined what would have happened if the pension fund managers 

would have jointly chosen the low target portfolio introduced in chapter 7.4.3, built on 

expectations of a low return. Furthermore, we estimate the potential loss of the low target 

portfolio and provide a comparison to an estimated actual result. In the second scenario, we make 

a similar comparison based on the higher target portfolio, where the pension fund managers 

expect the economy to rebound. In light of economical circumstances in mid 2008, the low target 

rate portfolio is considered a more realistic approach as the outlook for the second half of 2008 

was dismal at best. To further stress the validity of the low target scenario, several reports 

highlighting the instability in the economy are presented. At the end of the chapter we use the 

results from the comparisons to conclude about the possible shortcomings of the actual portfolio 

asset allocation of the Icelandic pension funds. 

9.1 Optimal portfolio with low target return compared to actual portfolio 

We begin by presenting a comparison between the optimal low target return portfolio of 

7.20%
234

, and the pension sector´s actual portfolio in the beginning of October
235

 in table 9.1. 
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Table 9.1: Comparison of optimal portfolio (7.20% target) and actual portfolio in Oct. 2008. 

Asset class 
Optimal portfolio 

7.20% target return 
Actual portfolio 
October 1

st
 2008 

Difference 

International equities 40.18% 26.07% 14.11% 

Domestic equities 0.00% 17.85% -17.85% 

Domestic bonds 39.82% 39.09% 0.73% 

Risk free asset 20.00% 16.98% 3.02% 

Source: Own calculations  

For the optimal target return portfolio, nothing is allocated to the high yielding domestic equities, 

whilst international equities get the highest proportion of the total portfolio, thereby contributing 

to almost equal fractions in international and domestic assets. This concurs with our previous 

observation that holding international equities is a sign of risk aversion in a small, open 

economy
236

. On the other hand, the actual portfolio has 17.85% allocated to domestic equities, a 

lower fraction than was seen for the sector earlier in 2008, since equities had already lost some of 

their prior value at that time. The fractions in domestic bonds and risk free assets are quite similar 

between the portfolios.  

To analyse how these portfolios performed in October 2008 we look at monthly returns for the 

asset classes. Table 9.2 shows returns on indices, which are used to find October returns
237

.  

Table 9.2: Monthly returns on asset classes in Oct. 2008
238

 

Asset class Actual 1 month returns, Oct. 08 

International equities -5.09% 

Domestic equities -71.52% 

Domestic bonds -2.77% 

Risk free asset 1.25% 

Source: Own calculations built on data from MSCI Barra, OMX 
Iceland and the Central Bank of Iceland 
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Returns on international equities in ISK were -5.09%, as an 18.63% depreciation of the ISK 

against the USD counteracts a 20.00% decrease in the MSCI ACWI index. The domestic equity 

market fell by 71.52%, caused by the nationalization of the domestic banks and their subsequent 

delisting from the equity index. The outcome for the domestic equities can be viewed as highly 

improbable for any one particular month and similarities are not found in the history of the 

Icelandic equity market. Thus, under the assumption of normal distribution of equity returns, this 

is around 15 standard deviations from the monthly mean return
239

, a truly unpredicted loss for 

equity investors.  

We estimate the total nominal monthly return on both portfolios by multiplying fractions 

presented in table 9.1 and the estimates for nominal returns in table 9.2
240

. 

Table 9.3: Comparison of monthly return for optimal and actual portfolios, Oct. 2008. 

  
Optimal portfolio 

7.20% target return 
Actual portfolio 

October 31
st

 2008 Difference 

October  returns in % -2.90% -14.96% 12.07% 

Oct. returns in ISK -53 billion ISK -275 billion ISK 222 billion ISK 

Oct. returns in EUR -0.35 billion EUR -1.79 billion EUR 1.45 billion EUR 

Source: Own calculations 

Table 9.3 shows the expected loss that the sector would be exposed to if it had adapted the lower 

return investment approach and the estimated loss that the sector actually incurred. The low risk 

optimal portfolio contained no domestic equities, thereby avoiding the reduction in returns due to 

that asset class. However, because of adverse market conditions in October, both international 

equities and domestic bonds yielded negative returns. Therefore the low risk optimal portfolio 

shows an estimated overall negative return of 2.90%, which is nevertheless a far better result than 

the estimated negative return of 14.96% for the actual portfolio.  

The difference in the estimated loss is striking, the low risk optimal portfolio outperforming the 

actual one by 222 billion ISK (1.35 billion EUR), which is an enormous amount, bearing in mind 

that the figures are just for one month. In this context it is worth noting that total assets under 

management by the pension funds at the end of September amounted to 1,839 billion ISK (12.0 

billion EUR). If the funds had changed their strategy according to this mean-variance 
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optimization model, they could have significantly reduced their estimated loss in a period of 

market turbulence and failure on the domestic equity market. 

9.2 Optimal portfolio with higher target return compared to actual portfolio 

Next we estimate the expected performance of the high risk optimal portfolio with the target 

return of 10.50%
241

, against the actual results in October 2008. Similar to the last section, the 

differences in the asset allocations are shown in table 9.4. 

Table 9.4: Comparison of optimal portfolio (10.50% target) and actual portfolio in Oct. 2008. 

Asset class 
Optimal portfolio 

10.50% target return 
Actual portfolio 
October 1

st
 2008 

Difference 

International equities 0.00% 26.07% -26.07% 

Domestic equities 46.56% 17.85% 28.71% 

Domestic bonds 33.44% 39.09% -5.65% 

Risk free asset 20.00% 16.98% 3.02% 

Source: Own calculations 

Both portfolios apportion similar fractions to domestic bonds, the main difference lies in equity 

allocations. As seen before in table 7.14, the high risk optimal portfolio does not diversify into 

international assets at all because risk reducing benefits of international diversification disappear 

at high target return levels. Instead it can be observed that, compared to the actual portfolio, the 

high risk optimal portfolio allocates almost the entire missing international equity fraction into 

domestic equities. The optimal model thus has an extremely high exposure to domestic equities, 

which dominates the portfolio in a similar fashion as domestic bonds in the actual portfolio. 

Table 9.5 shows the performance of these portfolios, given the returns for October in table 9.2
242

. 

Table 9.5: Comparison of monthly returns for optimal and actual portfolios, Oct. 2008. 

 
Optimal portfolio 

10.50% target return 
Actual portfolio 

October 31
st

 2008 
Difference 

Oct. rate of return -33.98% -14.96% -19.01% 

Oct. returns in ISK -625 billion ISK -275 billion ISK -350 billion ISK 

Oct. returns in EUR -4.07 billion EUR -1.79 billion EUR -2.28 billion EUR 

Source: Own calculations 

As expected, the optimal portfolio with the 10.50% target return performs extremely poorly in 

October 2008, yielding a loss of 33.98%, equivalent to a decreased wealth of the pension funds of 

                                                           
241

 The reasons why the particular return of 10.50% is chosen are given in chapter 7.4.3. 
242

 See caluculations in appendix 5.6. 



Optimal Portfolio Investments of the Icelandic Pension Sector 

105 

 

625 billion ISK (4.07 billion EUR). This comparison shows the danger of setting unrealistically 

high target returns for pension funds assets, as it causes excessive exposure to high risk assets, 

which in the event of severe market failures have disastrous effects on the funds´ portfolios. 

9.3 The target rate and actual portfolio comparison – some caveats 

Although our calculations of the target portfolios are of substantial interest their meaning is 

subject to some caveats. We have seen that it is not straightforward to use the mean-variance 

portfolios to reach a conclusion on the optimality of asset allocation of the pension sector, given 

the myriad influences on the portfolio discussed in chapter 8.2. Additionally, there are specific 

assumptions made in the comparison of the two target portfolios to the actual one, which need to 

be taken into further consideration. 

9.3.1 The target optimal portfolios 

The comparison implicitly assumes that pension funds would easily be able to sell off their 

domestic equity positions, to hold the optimal portfolio in October 2008. In reality, this might 

have proven to be difficult to achieve due to the market conditions in the third quarter of 2008. If 

fund managers had chosen to invest according to the 7.20% target return portfolio in the middle 

of 2008, they would have needed to sell all their current holdings of domestic equities within few 

months. As previously discussed
243

, the domestic market is small and the pension sector has a 

relatively large share in the overall market. It is thus evident that their sale of equities would 

cause a significant drop in equity prices. Therefore, they would most likely also have lost a large 

share of their wealth on the domestic equity market, if they had changed their domestic equity 

positions prior to the crisis. Furthermore, the pension funds are generally thought to have 

responsibility in the financial market. To sell all the domestic equities at once, knowing it would 

most likely lead to a panic and massive selling of other investors, would not only severely 

damage the reputation of the funds but also be hard to justify from an ethical standpoint. 

One can thus say that the pension funds were to a large extent “locked-in” their domestic equity 

investments and no easy or obvious way for them to prevent their October loss. It is therefore 

probably not reasonable to assume that if the funds would suddenly have become more risk 

averse and modified their investments at that time, they could have achieved the low negative 

return of 2.90%, as indicated for the 7.20% target return portfolio, because the pension funds´ 
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prior holdings could not be altered so much within the short timeframe. However, we believe that 

this comparison indicates that the Icelandic pension funds were, on average, overexposed to 

domestic equities, thereby holding too risky portfolios. Furthermore, they apparently made errors 

in assessing the possibility of an occurrence of a serious shortfall in the domestic capital markets, 

which resulted in an unprecedented loss for the funds´ beneficiaries. 

On the other hand, the optimal portfolio with the 10.50% target return would have meant 

increased positions in the domestic equity market, from a 17.85% fraction of the pension funds´ 

wealth up to a 46.56% fraction. This significant boost in demand for domestic equities would 

most probably have increased equity prices, thereby shoring up the banks and other listed 

corporations. That would have provided short term liquidity for the banks in their unfortunate 

situations prior to their fall, but whether it would have made an overall difference for them is 

hard to predict. In this context, there is a significant risk remaining that the pension funds would 

have ended up losing almost all of these additional equity investments, resulting in a massive loss 

of the size we estimated for the higher target return portfolio, or around one-third. 

9.3.2 The actual portfolio 

At the time of this writing, there is a remaining uncertainty about the concrete loss incurred in the 

actual portfolio during the October crash. This pertains both to the pension funds´ hedging 

contracts and corporate bond losses affecting the domestic bond asset class. Although it is 

difficult to assess the total fraction of currency hedges, it is known that the funds used hedge 

contracts to counteract their exposures in the international equity market
244

. It can also be 

asserted that these contracts have resulted in significant losses which have not yet been realized 

in the funds´ actual figures
245

. In contrast, none of optimal portfolios proposed a hedge of 

international positions, thus avoiding both cost of the contracts, as well as any potential hedge 

losses. 

It is likely that negative returns on domestic bonds are underestimated in October 2008 due to 

uncertainties in the ability of domestic banks and corporations to make payments on their 

outstanding bonds. Bonds issued by bankrupt domestic corporations have currently not been 

written off in the pension funds actual portfolio, but around 15% of total bonds in the portfolio 
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are corporate type
246

. Thus, our target rate comparison serves the purpose of providing a clearer 

picture of possible outcomes if the pension funds on one hand would have resisted the alluring 

returns in the domestic equity market, and on the other hand it gives indication of the level of loss 

that the pension funds would had to endure if they had not diversified internationally. 

9.4 The Icelandic pension sector´s performance in an OECD comparison 

When estimating the loss of the Icelandic pension sector, it is useful to put the returns into an 

international context to evaluate how the Icelandic sector performed relatively to other countries. 

By October 2008, a decline of 3.3 trillion USD (2.1 trillion EUR) has been estimated, or nearly 

20% drop since December 2007 for all OECD countries in total
247

. Figure 9.1 compares real and 

nominal returns from January to October 2008 in 14 OECD countries. 

                             Figure 9.1: OECD pension funds´ returns in %, January to October 2008. 

 
                               Source:  OECD (2008c) 

The most immediate observation that can be made is that counties that were most exposed to 

equities did the worst. The pension sector in Ireland is on top of the list with 66%
248

 of total 

assets exposed to equities and next are the US pension funds holding approximately 64%
249

 of the 

their total asset portfolio in equities.
 
Measured in real terms, it can be seen that the estimate of 

negative return of 25.2% for the Icelandic funds is below the OECD negative return average of 
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22.7%
250

. This happens while the Icelandic pension funds had exposures to equities of 43.9%, 

which is about the same levels as the Dutch pension funds which at the same time delivered a 

markedly better result, a negative real return of 18.7% for the period. This comparison clearly 

shows the severity of domestic equity market collapse on Icelandic pension funds as they are 

estimated to yield a real negative return similar to pension funds which have much higher 

exposures to equities. That said, it is clear that the CPI indexation of Icelandic bonds and the 

counteracting effects of currency depreciation for international equities certainly did much to 

shield the Icelandic funds from an even worse fate. 

This comparison reveals that the estimated relative loss of the Icelandic pension funds, although 

severe, is by no means unique in an international comparison. The financial crisis has taken its 

toll on pension funds around the world and dealt a heavy blow to private pension systems 

worldwide, particularly in Ireland. However, in comparisons such as these, it must be kept in 

mind that pension funds are designed to work with long time horizon and thus it is equally 

important to measure performance on that basis when estimating their ability to meet future 

obligations. Although the Icelandic pension funds were hard hit this time, their long term nominal 

return on investments remains respectable. The nominal return for the Icelandic pension sector 

can be estimated to be approximately 8.9% on average per year during a 10 year period up to 

October 2008
251

, compared to 3.4% in the US and 5.1% in Sweden for the same period
252

. 

9.5 The importance of international diversification  

When evaluating the different portfolios in October 2008 it is clear that the 7.20% target portfolio 

performed the best. The most risk-averse portfolio, with the greatest international diversification 

turned out to deliver an estimated negative monthly return of 2.90% which is far better than the 

other results. This comparison on estimated returns provides strong arguments in favor of more 

international diversification for investors in small, open economies, where the domestic market is 

vulnerable to shocks on global markets. Furthermore, the sharp depreciation of the ISK in 

October shows how the currency can have a significant counteracting effect on negative returns 
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on international equities. Similarities of this magnitude are hard to find in recent times, but most 

likely the closest match is found in the Asian crisis in the late nineties, where the equity market in 

Indonesia fell by 81% while at the same time the local currency depreciated against the dollar by 

73%, thus offsetting the loss on domestic assets by the gain in foreign investments
253

. 

Apart from mean-variance considerations, are there signs of that the Icelandic pension sector is 

less diversified than pension funds in other countries? Some recent cross-country researches 

indicate that this is not the case. Pension funds vary significantly in levels of diversification, 

which is though partly due to limits placed on offshore investments of their portfolios by 

individual country law. Table 9.6 shows the development of international equity investments of 

pension funds in Iceland and the average for pension funds in seven large OECD countries
254

. 

Table 9.6: Pension fund international investments, seven OECD countries and Iceland 

  Year 
International equities as a % of 

total portfolio 
% Change in fractions 

between periods 

OECD average
255

 
1999 19.71% 

22.03% 
2005 25.29% 

Iceland 
1999 18.21% 

22.68% 
2005 23.55% 

Source: Own calculations built on IMF Stability report from April 2007. 

The comparison reveals that the Icelandic pension funds were increasing their international 

investments at similar rates as the relevant OECD countries between 1999 and 2005, and held a 

similar fraction in international equities as them in 2005. Thus, from this data there is no clear 

evidence of that Icelandic funds were less diversified compared to averages of pension funds in 

other OECD countries. In broader terms, a recent study of total foreign investments confirms that 

Icelandic investors have been relatively diversified in their investments compared to other OECD 

counties, ranking among most diversified countries such as Belgium, Netherlands and UK
256

. 

Furthermore, the actual foreign investments indicate that pension fund managers were to some 

degree aware of the systematic risk present in the Icelandic capital market. A pure domestic 
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portfolio does not solely comprise the inevitable systematic risk, common to all portfolios, but 

also country-specific unsystematic risk, which is not rewarded by increased returns, as it can be 

reduced by increased diversification
257

. Thus, by adding international equities to the domestic 

portfolio, it is possible for the pension funds to bring down both the unsystematic and the 

systematic risk
258

. 

9.6 The failure of the domestic equity market 

In October 2008 the domestic equity market proved to be far riskier than measured by its 

historical standard deviation. In hindsight, it did not prove to be a foundation for a long term 

investment strategy, because of relatively high intrinsic risks. The reason why standard deviations 

of returns failed to capture the actual risk imposed in the domestic market, and thus leading to 

less volatile returns, may possibly be traced to inefficiencies in the market. Indications of such 

inefficiencies can be seen in ongoing investigations of market manipulations in recent years by 

the Icelandic FSA
259

. The pension funds should have been more aware of the shortfall risk in the 

domestic market, especially as it was characterized by homogeneity and few large market 

participants. Exposure to an asset class of such characteristics should be kept to a minimum as the 

long term investment goal of pension funds ought to be to achieve as consistent performance as 

possible. 

That said, holding an average position of 20.88% of the total Icelandic pension sector´s portfolio 

in such a highly risky asset class is shocking, and in our opinion a subject for more in-depth 

research. Our results from optimal portfolio calculations also recommend lower fractions 

invested. Apart from the high risk portfolio of 10.50% target return, the fraction invested in 

domestic equities should have been from 0% for the low risk portfolio, to a maximum of 11.88% 

for the portfolio built on mean-variance modeling for the last 10.5 years. 

The possibility of a domestic market failure should not have come as a surprise to the pension 

funds. Various reports had warned of imbalances in the Icelandic economy, most notably by 

Danske Bank in March 2006. Their report stated that the economy was showing early warning 

indicators for financial crisis similar to Thailand 1997 and Turkey 2001. In this context they 

referred to the status of foreign exchange reserves out of total imports, as well as rising inflation, 
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mounting current account deficit and the easy access to credit that fuelled booming domestic 

equity prices. In the report, a hard landing was predicted given the size of imbalances in the 

economy
260

.  

Another report was published by IMF in May 2006, warning about increasing macroeconomic 

imbalances, such as high inflation and highly leveraged households and firms
261

. Downgrades in 

credit ratings, most notable by Fitch of government bonds in February 2006, cumulated in what 

was later termed the “mini-crisis” of 2006, causing the CDS spreads of the government and the 

banks to soar. These reports and subsequent crisis should have been an eye-opener for Icelandic 

pension fund managers, leading to alterations of the funds´ portfolios at that time towards lower 

risks, which would have decreased their actual loss in 2007 and 2008 extensively. However, it 

cannot be seen from actual data that the pension sector as a whole reacted to increased risk 

perception of the economy by reducing their shares in domestic equities down to the levels our 

models propose. 

9.7 Assessment of the pension sector´s actual portfolio 

An unprecedented shortfall in the domestic equity market provided a truly unique opportunity to 

estimate the actual portfolio of the Icelandic pension funds, and the impact of setting long term 

investment strategies in terms of target returns. The portfolio which performed the best and 

incurred the lowest loss during this catastrophe was the optimal target portfolio which had the 

highest international diversification of all portfolios, and the lowest yearly target rate of return of 

7.20%. The actual loss of the pension funds is estimated to be more than five times higher than 

found for the low target optimal portfolio
262

. 

While we find that the pension funds were adequately diversified internationally, we conclude 

that the unfortunate events in October 2008 unmistakably showed the lack of diversification in 

the total equity asset class. According to our findings, the fraction invested in domestic equities 

should have been in the range from 0% to a maximum 11.88% of the total portfolio and should 

never have been allowed to increase to the levels seen in the actual portfolio. As in the previously 

mentioned comparison to Dutch pension funds, international equities should rather have been 
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around 90% of all equity investments, considering that the Icelandic equity market was extremely 

undiversified and risky
263

. Furthermore, an interesting observation that can be made is that if the 

pension funds had invested their entire domestic equity fraction in international equities they 

would have ended up with a portfolio very similar to the low target rate optimal portfolio.  

On the other hand, if the pension funds had diversified all their equity investments 

internationally, it would mean denying the holders of pension rights the strong capital gains 

realized in the early stages of a developing equity market. This would probably have caused a 

storm of criticism and pressures to invest in the domestic equity market, especially during the 

booming period in 2003 to 2007. However, it would have been a wiser choice to withstand 

investing in the domestic equity market as it turned out to be an unreasonable long term 

investment. 

All in all, we conclude that the crisis abruptly exposed serious weaknesses in the pension sector´s 

investments that had been many years in the making. The signs of an impending disaster had 

been on the horizon since 2006, but unfortunately it did not result in a change in the long term 

investment strategy of the Icelandic pension funds. However, it must be kept in mind that the 

global financial crisis has negatively affected pension funds worldwide, for example recent 

figures show that pension funds assets in Ireland have been even more negatively affected than 

the Icelandic pension funds. 

9.8 Conclusion 

This chapter was devoted to comparisons between two ex ante or forward-looking portfolios to 

the estimated actual result during the October 2008 equity market crash in Iceland. Measured 

against the optimally constructed portfolios with different target rates, we estimate that the actual 

portfolio fared significantly worse than the low-risk target portfolio, and considerably better than 

the high-risk target portfolio. Overall, it is clear that the equity market crash has had disastrous 

effects on the return of the pension funds and from our calculations we find indications of too 

high exposures to undiversified domestic equities, generated partly from the accumulation of 

wealth during the recent equity market boom. However, this conclusion is subject to some 

caveats, indentified with regard to the optimal portfolio and actual estimated figures. In an OECD 
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comparison we find that the returns for the Icelandic pension sector are by no means unique as 

the financial crisis has resulted in large negative returns of pension funds worldwide.  

In our opinion, the result from our ex-ante comparison confirms the importance of international 

diversification for pension funds, especially in small, open economies. The domestic market has 

previously shown signs of inefficiencies and presence of increased shortfall risk, noted by reports 

on the Icelandic economy. Unfortunately for the pension funds, they failed to react by reducing 

significantly their holdings in domestic equities as both our optimal historical and low-risk target 

rate portfolios suggest.  
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10 Conclusion 

The purpose of this chapter is to summarize our overall findings and provide an answer to the 

research questions put forward in the beginning of the thesis. 

We have illustrated how the Icelandic pension sector assets developed into being one of the 

largest in the world compared to GDP and described how their assets were allocated into different 

types of investments during the period of analysis. To shed a further light on the investments, we 

made comparisons to other OECD countries and discussed what should characterize a long term 

investment strategy. The funds are subject to legal restrictions on their investments, which need 

to be taken into consideration when building a model to simulate the optimal investment choice. 

Following the globalization in the late 1990s and the beginning of the century, the pension funds 

became more diversified into international equities. The move into domestic equities was equally 

strong in the relatively new market, and the funds quickly accumulated large shares and became 

active players on the Icelandic equity market. Thus, during the 10.5 years of our investigation the 

pension sector´s portfolio changed from being a more traditional bond dominated portfolio into 

investing more than 40% in equities. This undeniably raises questions about the pace which the 

equity asset class was adopted, and whether these new investments were sufficiently diversified. 

To address the main research question of constructing an optimal portfolio for the pension sector 

we collected data for the major asset classes: the MSCI world index, the domestic equity and 

bond indices and the foreign money markets. Despite finding evidence of non-normality and 

autocorrelation in returns on domestic markets we concluded that the data was sufficiently good 

to draw important conclusions as long as implications of using data with such characteristics 

were clear. 

Calculating correlations structures, variance and returns on the data series, we were able to model 

and find historical optimal fractions. The theoretical framework of Jorion and Khoury was the 

groundwork for an unrestricted model which was then developed further by incorporating 

necessary restrictions. Based on this, we were successfully able to model three theoretical optimal 

models using non-linear mean variance optimization: One ex ante or historical portfolio and two 

ex post or forward-looking portfolios. The reason for making two ex post portfolios is to account 

for different expectations of future returns. Thus, we were able to answer the first research 

question by finding optimal portfolios for the pension sector. Our findings then served as a basis 

for evaluation of the sector´s actual portfolios. 
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One of the most surprising results where that according to all our optimal models, no hedging 

was proposed, even though the ISK exhibited extremely volatile return patterns during the period 

of analysis. This was further tested by applying currency overlay, which rendered the same 

results: No evidence of risk reduction benefits were to be found by hedging foreign positions. 

The reasons for these results were partly traced to the low correlations between the ISK and the 

MSCI world index, and partly believed to be due to the high rate of return on the optimal 

portfolios
264

. The only indication of proposed hedging was revealed in robustness tests for the 

economic boom sub-period from 2003 to mid 2007, when it is known that some of the main 

pension funds made large hedging contracts by using swaps
265

. In line with these results, we are 

able to conclude about our second research question. We find that it was suboptimal for the 

pension sector to enter hedging contracts, given the 10.5 year period of analysis.  

At the heart of our study is comparing the pension funds´ optimal portfolios to the actual 

investment strategy practiced and find plausible explanations for the difference by applying other 

empirical research and comparative analysis. We found significant deviations between the 

historical optimal portfolio and the actual portfolio. Historically, the pension funds invested 

considerably more in equities than is recommended by our model, making the actual portfolio far 

riskier. This was reflected in higher average returns of the actual historical portfolio, at a larger 

standard deviation. We termed the observed difference as the “equity preference puzzle” of the 

Icelandic pension funds. To answer the third research question, we applied a structured approach 

to identify and analyse explanatory factors for each individual asset class which could have 

influenced the pension funds to hold a different portfolio than the optimal one.  

Numerous factors were offered for the explanation of the observed “equity preference puzzle” in 

the actual portfolio. We conclude that the arguments for increased international diversification 

beyond the optimal fractions are generally sound, based on the openness of the economy and 

relatively risky domestic capital market. The reasons for the pension funds´ investment strategy 

of holding large positions in domestic equities are less clear. They may be attributed to the 

accumulation of wealth and high expectations of future growth as the domestic equity market 

skyrocketed, but the uneasy fact remains that the local equity market was extremely 
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undiversified, very risky, and showing characteristics of an asset bubble during most of the 

research period. Apart from the benefits identified for increased international diversification in 

equities, we conclude that the accumulation of investments in domestic equities remains a puzzle, 

given that the pension funds were free to adjust their holdings to more optimal levels. 

Following a global economic crisis and the unfortunate events leading to the Icelandic equity 

market collapse in October 2008, the shortcomings present in the pension sector´s portfolio were 

abruptly exposed. Measured against the optimally constructed portfolios with target rates of 

7.20% (low-risk) and 10.50% (high-risk), we found that the actual portfolio fared significantly 

worse than the low-risk target portfolio, and considerably better than the high-risk portfolio. In 

our opinion, the two comparisons reveal that the overall pension sector was at the time of the 

crisis holding a relatively risky portfolio. Furthermore, the lack of adequate diversification was 

apparent judging from our comparison to the highly diversified low-risk target portfolio. This is 

one of our main findings and provides answers to our fourth research question. 

Our own calculations of the expected loss of the pension sector caused by the crisis indicate that 

it could have been significantly reduced by limiting exposures to domestic equities and increasing 

international diversification. However, this result is subject to some caveats. We point out that the 

development of the funds´ foreign investments were in line with averages of other OECD 

countries. Additionally, the pension funds might have been “locked-in” their domestic equity 

investments. The advantages of increased international diversification were clearly revealed 

during the crisis. The fall in the domestic currency translated into higher returns of international 

equities which helped to counteract the disastrous effects of the domestic equity market crash on 

the pension funds asset portfolio. 

All in all, the pension funds´ investment composition changed dramatically during the course of 

our analysis and during the months we were writing the thesis. The results of our investigation of 

optimal portfolios recommend that the Icelandic pension funds should select a more 

internationally diversified, bond dominated portfolio in the future. Additionally, recent 

experience might direct the funds to follow a more risk adverse approach to future investments in 

domestic equities. At the time of this writing, there is still uncertainty surrounding the overall 

effects of the collapse in the domestic market on the pension funds. We believe that the hard 

lessons learned during recent months will have a positive effect on the funds´ risk management 

practices in the long run.  
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Appendix 1: Beta as a measure of risk 

The expected return on individual equities can be explained by the expected return on the market, 

according to the following equation: 

Ri = ai + βiRM 

The term ai represents the return insensitive to the market return. Individual security co-

movement to the market index movements is contained in a beta coefficient, βi, which measures 

the expected change in the securities return, given a change in the market index. More 

specifically, the beta is calculated relative to the market index as follows: 

uv � �vw�w�  

where βiM is the covariance between the security and the market index, and σw is the standard 

deviation of the market index. βi with a value of 2 means that a stock´s return Ri is expected to 

increase by 2% when the market return Rm increases by 1%.  

The risk of a well diversified portfolio N shown in equation (4.2) can be simplified to be the same 

as the weighted betas of the securities included in the portfolio or: 

�� � �w xE�vuv�
v��

y  

where �v is the weight of an individual security i in the portfolio
266

. If stocks are equally invested, 

the portfolios beta is the average of the individual stock´s beta. In the case of the market 

portfolio, the beta can be interpreted as the marginal contribution of a stock to the total risk of a 

portfolio
267

. 
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Appendix 2: Frequency distributions of returns 
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Figure A2.1: Frequency distribution of returns on the MSCI index in ISK, Jan 98 - Jun 08.

Source: Own calculations
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Figure A2.2: Frequency distribution of returns on the OMX PI index, Jan 1998 - Jun 2008.

Source: Own calculations
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Figure A2.3: Frequency distribution of returns on OMXI10YI, Jan 1998 - Jun 2008.

Source: Own calculations
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Figure A2.4: Frequency distribution of returns on the US money market, Jan 98 - Jun 08.

Source: Own calculations
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Figure A2.5: Frequency distribution of returns on EU money market, Jan 98 - Jun 08. 

Source: Own calculations
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Appendix 3: Correlations of sub-periods in robustness tests 

In this appendix we examine how different correlation coefficients between assets classes have 

evolved during the period of analysis
268

, by making a correlation structure analysis, both for the 

whole period and the 4 sub-periods. This measure is of high importance as reduction of risk, 

through diversification of investments, greatly depends on correlations between returns on asset 

classes. Low correlation should lead to reduced risk, and negative correlation between asset 

classes is the most optimal. We show the correlation structure for the whole period in table A3.1. 

Table A3.1: Correlation coefficients between asset classes for the whole period, 1998 to 2008. 

 

International 
equities 

Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

International equities 1.0000 
    

Domestic equities -0.0138 1.0000 
   

Domestic bonds -0.0021 -0.2625 1.0000 
  

US money market 0.5218 -0.2901 0.1570 1.0000 
 

EU money market 0.1997 -0.2817 0.2195 0.2535 1.0000 

Source: Own contribution 

    Overall, correlations of returns between the asset classes are rather low. Harvey (1991) showed 

that markets tend to have correlations of 0.16 to 0.86, with the majority ranging from 0.40 to 

0.70. In addition, correlations have been increasing in recent years because of the globalization, 

although they are still low in emerging markets
269

. The correlations we observe are thus 

unusually low, since the Icelandic financial market has developed differently than other markets. 

A theoretical explanation may be that there are different economic, political and institutional 

factors between Iceland and other countries, which have an effect on returns on equities. 

Looking closer at individual inter-correlations in table A3.1, we see that domestic equity returns 

correlate negatively with all the other asset classes, ranging from -0.0138 to -0.2901. The low 

correlation between domestic and international equity returns, -0.0138, shows that the domestic 

equity market does not follow the global one at all. Additionally, domestic bonds have almost no 

inter-correlation, -0.0021, to international equities, further verifying the non-existing relationship 

between the Icelandic and international financial markets. 

                                                           
268

 The correlation coefficients are found by dividing the covariance between two asset classes, by the multiplied 

standard deviations of those asset classes:  

269
 Zimmermann, H. et al (2003) 
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Returns on domestic equities and domestic bonds move in general in opposite directions, as is 

common for these asset classes, their correlation here being -0.2625. The reason for this is that 

when interest rates on bonds decrease, it encourages investors to allocate their money to equities, 

thereby increasing equity prices, and vice versa when bond rates increase. Correlation is high 

between international equities and the US money market, 0.5218. The MSCI ASCI index, used as 

proxy for international equities, is quoted in US dollars, which is a mutual characteristic between 

these classes. Moreover, theory suggests that correlations are usually higher between asset classes 

across national markets than across international markets
270

.  

The low correlations observed resemble patterns commonly seen in less developed emerging 

markets. There are additional characteristics which the Icelandic market has in common with 

these markets, such as high and volatile returns. Moreover, emerging markets are often auto-

correlated and not normally distributed
271

, as the returns on the Icelandic asset classes also proved 

to be in our research. The low correlation to the world market portfolio increases the 

attractiveness of diversification, as asset classes with low or negative correlation reduce the total 

risk of a portfolio, without lowering expected returns
272

. However our results indicate that high 

returns in the domestic markets seem to outweigh these diversification benefits to a large extent. 

Correlations in sub period #1 

We will now look at individual sub-periods, but to avoid repetition, our focal point will be 

changes in values from what is seen for the entire period. The reason is also because it is the 

changes in the coefficients that are among the influential factors on the weights in the portfolios 

for the sub-periods, which were presented in table 7.18. The coefficients for the first sub-period 

are shown in table A3.2.  
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Table A3.2: Correlation coefficients between asset classes in sub-period one (1998 to 2001). 

 

International 
equities 

Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

International equities 1.0000 
    

Domestic equities -0.0226 1.0000 
   

Domestic bonds 0.0786 -0.0301 1.0000 
  

US money market 0.0422 -0.1862 -0.1494 1.0000 
 

EU money market -0.1338 -0.3299 0.1812 -0.0969 1.0000 

Source: Own contribution 

    Domestic equities and bonds have relatively less negative correlation, only -0.0301, indicating 

more convergence in domestic equity and bond prices in this sub-period. Domestic bonds 

correlate positively with international equities, by 0.0786, but they have a slight negative 

correlation for the whole period. It should be noted that in this first sub-period, the Icelandic 

financial market was young and inefficient, and trades were infrequent. This makes it more 

difficult to find absolute reasons for these specific values and calls for more careful 

interpretation, as unusual values may bias the results. Additionally, the ISK was fixed within 

certain ranges until the end of this period. 

Correlations in sub period #2 

Correlation coefficients for sub-period 2 are shown in table A3.3. 

Table A3.3: Correlation coefficients between asset classes in sub-period two (2001 to 2003). 

 

International 
equities 

Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

International equities 1.0000 
    

Domestic equities -0.1614 1.0000 
   

Domestic bonds -0.0319 -0.2155 1.0000 
  

US money market 0.6964 -0.3378 0.0113 1.0000 
 

EU money market 0.3973 -0.3472 0.0539 0.5760 1.0000 

Source: Own contribution 

    After the floatation of the ISK and until 2003, negative correlation between domestic and 

international equities increased radically to -0.1614. Returns on international equities are 

converted to ISK, and since the ISK generally depreciates parallel to falling domestic share 

prices, the currency change increases the worth of international equities, thereby working towards 

divergence in returns of these equity classes, i.e. negative correlation. It is also interesting that the 
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high negative correlation between domestic equities and bonds, -0.2155, partly explains why 

these two asset classes are dominant in the portfolio proposed by the optimization model.  

Correlations in sub period #3 

According to table A3.4, the effects from the floating ISK also prevail in sub-period three, as 

international equities have a similar negative correlation to domestic equities as in the previous 

period. Interestingly, the correlation between equity classes from 2003 to 2007 did not increase 

despite that many corporations in the domestic equity index had a significant part of their 

operations overseas, for example the largest company in the index, Kaupthing Bank, had 70% of 

its total operations running abroad
273

.  

Table A3.4: Correlation coefficients between asset classes in sub-period three (2003 to 2007). 

 

International 
equities 

Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

International equities 1.0000 
    

Domestic equities -0.1676 1.0000 
   

Domestic bonds -0.0499 -0.0879 1.0000 
  

US money market 0.7312 -0.1376 0.1073 1.0000 
 

EU money market 0.1652 -0.3456 0.1324 0.1856 1.0000 

Source: Own contribution 

Domestic bonds and equities have lower negative correlation than for the whole period. Sub-

period three was characterized by booming equity prices and it is possible that interest rates on 

bonds have less effect on the trade-off between bonds and equities when equity markets are 

rising. The same was seen for the correlation of these asset classes in sub-period one, where 

equity markets were in general also rising. The domestic asset classes as well as international 

equities all have negative inter-correlation, thus they are all proposed for the optimal Sharpe 

portfolio for this period. 
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Correlations in sub period #4 

Correlation coefficients for sub-period 4 are shown in table A3.5. 

Table A3.5: Correlation coefficients between asset classes in sub-period four (2007 to 2008). 

 

International 
equities 

Domestic 
equities 

Domestic 
bonds 

US money 
market 

EU money 
market 

International equities 1.0000 
    

Domestic equities 0.2710 1.0000 
   

Domestic bonds 0.1421 -0.5025 1.0000 
  

US money market 0.4934 -0.4033 0.4948 1.0000 
 

EU money market 0.5921 0.3065 0.2553 0.0848 1.0000 

Source: Own calculations 

As seen in the table, period four which was characterized by a financial crisis and declining 

markets, shows clear signs of increased correlations between all markets. Domestic equities and 

bonds have a negative correlation as high as 0.5025, since returns on domestic bonds were 

increasing because of escalating policy rates, but at the same time returns on domestic equities 

were falling significantly. Interestingly, this is the only period where domestic and international 

equities have a positive correlation, indicating increasing contagion effects of the global financial 

crisis on the Icelandic market. This should not come as a surprise as it has been shown that 

correlation are higher in bear markets, compared to bull markets, thereby reducing the benefits of 

diversification, which is exactly when it is of most importance
274

. 
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