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Abstract  

The Icelandic pension system has grown significantly in the past years. Following the financial 

crisis in 2008, discussion about the pension funds’ investments became more apparent, with 

the focus being on foreign investments and whether they should be increased. Evidence shows 

that a better risk-return relationship can be realized with international diversification. The aim 

of this research was to analyse the effects of international diversification within selected 

Icelandic pension funds, over the period from 2004 to 2016. The research used different levels 

of foreign investments to capture the effect of international diversification over the research 

period. Furthermore, optimal portfolios were estimated to identify the maximum benefits of 

higher levels of foreign investments. The results indicate that a better risk-return relationship 

can be achieved within the Icelandic pension funds by increasing the level of foreign 

investments within their portfolios. The findings of the research argue that the potential benefits 

of international diversification are not fully exploited within the Icelandic pension funds.  
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1 Introduction  

Following the global financial crash in 2008, many of the Icelandic pension funds were 

realizing negative returns on their investments. However, the investment strategies of the 

Icelandic pension funds are heavily dependent on domestic assets (Gunnar Baldvinsson, 

Áslaug Árnadóttir, & Eggert Benedikt Guðmundsson, 2018). The purpose of the thesis is to 

analyse the impact of increased international diversification (this means a greater proportion 

of assets invested abroad) on the risk-return relationship within the Icelandic pension funds. 

We analyse five of the largest pension funds in Iceland1(Lífeyrismál, 2016). The returns of 

these pension funds before the crisis (2004-2007) range from +4.3% to +21.3%. During the 

crisis (2008-2009) the returns range from -14.8% to +12.7%, and after the crisis (2010-2016) 

the returns range from +0.8% to +15.5% (compiled from the pension funds’ annual reports 

from 2004 to 2016). It has been argued that better investment performances can be realized if 

capital is spread over a number of geographical areas (Goetzmann & Ukhov, 2006). This is 

referred to as international diversification, which means that investors have the possibility to 

reduce their risks while keeping their returns the same or increase their returns while keeping 

the same risk level, by investing in assets within different countries that have low correlations 

(Menil, 2005; Pfau, 2011).  

 

Evidence shows that many investors and institutions forego the possibility of a better risk- 

return relationship of investing abroad. This is caused by a number of factors, one of them 

referred to as home bias, a behavioural pattern that entails investors or institutions to overinvest 

in domestic securities compared to efficient benchmarks and are therefore not fully exploiting 

the possible advantages of international diversification (García-Herrero & Vázquez, 2013; 

Goetzmann & Ukhov, 2006). Home bias is argued to be the consequence of investors assuming 

they can better predict the returns of domestic assets, which is caused by a choice made by 

investors to disregard the opportunity to access information about foreign assets 

(Nieuwerburgh & Veldkamp, 2009). Other factors that cause a larger part of investments being 

made domestically than is considered optimal are transaction costs, capital controls, 

information costs and taxes. An investor that seems to be home-biased might be acting 

                                                 
1 The Pension Fund for State Employees, The Pension Fund of Commerce, The General Pension Fund, The 

Cumulative Fund for Pension Rights and Brú Pension Fund.  
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rationally after taking these factors into account. Even though direct barriers like transaction 

costs and capital controls have decreased in recent years, home bias is still apparent. This has 

led to literature on home bias relying on the rationale that home bias is not caused by transaction 

costs or capital controls (Ahearne, Griever, & Warnock, 2004). However, information costs 

can influence the behaviour of investors (Merton, 1987) and recent evidence shows that 

information costs have an impact on the portfolio composition of the investor (Ahearne et al., 

2004). This could be the case with the Icelandic pension funds, where the previously mentioned 

factors could lead to the potential benefits of international diversification being lost. Regulating 

the pension funds to invest a certain percentage abroad could prevent that from occurring.  

 

Discussion about the investments of the Icelandic pension funds has increased after the 

financial crash in 2008. After the capital controls were partially lifted in 2014 and ultimately 

in 2017, the focus shifted towards foreign investments and whether they should be increased 

within the pension funds (Gunnar Baldvinsson et al., 2018). The research question that we will 

seek to answer is whether the benefits of international diversification can be increased within 

the Icelandic pension funds and to what extent. In the end of 2016, the proportion of foreign 

assets within the Icelandic pension funds was 21.5% (Seðlabanki Íslands, 2018). Due to the 

size of the Icelandic pension system the importance of pension funds minimizing their risks is 

great. In the end of year 1999, the combined assets of the Icelandic pension funds totalled up 

to more than 80% of Gross Domestic Product (GDP) (Guðmundsson, 2001) and had risen up 

to 144.9% of GDP at the end of year 2016 (OECD, 2017a). The Icelandic pension fund system 

is composed of three pillars. The first pillar is a public pension plan, the second is a mandatory 

occupational funded pension plan and the third is voluntary pension saving. The largest part of 

the Icelandic pension fund system is the mandatory funded pension plan (Guðmundsson, 2001), 

which is the focus of our analysis.  

 

According to laws, all Icelanders, wage earners or independent workers aged 16 to 70 years 

old, are obligated to pay a proportion of their total salaries to a pension fund. The percentage 

is divided between the wage earner and the employer (Lög um skyldutryggingu lífeyrisréttinda 

og starfsemi lífeyrissjóða nr. 129/1997). For most pension funds in Iceland, the pension that 

members receive, depends on their contribution and on the return on investments within the 

fund. Significant changes in returns within the Icelandic pension funds could therefore 

undermine the system as a whole and have huge effect on its viability in the long term 

(Guðmundsson, 2001). Icelandic pensions funds should according to law always try their best 
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to achieve the best risk-return composition available each time (Lög um skyldutryggingu 

lífeyrisréttinda og starfsemi lífeyrissjóða). In that sense, it is important to look at how the 

Icelandic pension funds can diversify their risk and achieve a better risk-return relationship. 

The Icelandic pension funds are obligated to minimize foreign exchange risk by limiting 

investments denoted in foreign currency to a maximum of 50% of the total value of the fund 

(Lög um skyldutryggingu lífeyrisréttinda og starfsemi lífeyrissjóða). In other words, the 

Icelandic pension funds have a cap on the proportion that they are allowed to invest in foreign 

assets. However, no rules or regulations have been established whether a minimum percentage 

should be set on these investments.  

 

Recently, two reports have been published by work groups appointed by the Prime Minister’s 

Office and the Ministry of Finance and Economic Affairs, regarding the Icelandic pension 

funds and foreign investments. The first one was published in April 2017 and was concerned 

with how the Icelandic pension funds could map out their future capabilities when it comes to 

foreign investments (Gylfi Magnússon, Hersir Sigurgeirsson, Þórey S. Þórðardóttir, Ólafur 

Sigurðsson, & Fjóla Agnarsdóttir, 2017). The latter was published in late January 2018. The 

report discusses the dangers of the pension funds’ large ownership in listed companies in 

Iceland and how that ownership could affect competition within the market and the economy 

as a whole. In 2017 the Icelandic pension funds owned 44% of market capitalization of all 

listed companies on the Icelandic stock exchange, with the three largest owning 27%. In 

addition to this, the pension funds hold a proportion in many of these companies indirectly 

through mutual funds (Gunnar Baldvinsson et al., 2018). The report also states that it is 

necessary, from a risk managing perspective, to form a long-term investment policy that aims 

at increasing the weight of foreign assets in Icelandic pension funds’ portfolios (Gunnar 

Baldvinsson et al., 2018). In their study, Ásgeir and Hersir (2014) state that the total proportion 

invested in foreign assets within the Icelandic pension system should be at least 30% of total 

net assets of the system. The study also discusses the rule of thumb that to maintain a stability 

in the currency, pension funds should have a level of foreign investments that is similar to the 

consumption in foreign currency within the country. Since consumption in foreign currency in 

Iceland is around 40-50%, it suggests that foreign investments within the Icelandic pension 

funds should be in similar proportions (Ásgeir Jónsson & Hersir Sigurgeirsson, 2014).  

 

In this thesis we will analyse whether a better risk-return relationship can be achieved if foreign 

investments are increased within the Icelandic pension funds, by conducting an ex-post 
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analysis. We will seek to analyse the international diversification effects of increased foreign 

investments within the pension funds’ portfolios, both assuming a floating and fixed exchange 

rate. We will approach this question by looking at the returns and asset compositions of selected 

Icelandic pension funds from 2004-2016. We will simulate portfolios with different levels of 

foreign investments, estimate the optimal portfolios for each year and compare the pension 

funds’ reported returns to the returns of the optimal portfolios. Furthermore, we will estimate 

the optimal portfolio composition on average for the research period as a whole. 

 

The main findings of our research can be segmented into two parts: results when assuming a 

floating exchange rate and results when assuming a fixed exchange rate. When simulating 

portfolios for each pension fund, assuming a floating exchange rate, low risk portfolios and 

most efficient portfolios2 contain high levels of domestic investments for all pension funds. 

When simulating portfolios assuming a fixed exchange rate, low risk portfolios are achieved 

when investing heavily in domestic assets. The most efficient portfolios either contain high 

levels of domestic investments or high levels of foreign investments. However, when looking 

at optimal investment levels, both when assuming a floating and fixed exchange rate, it is 

apparent that a higher proportion invested in foreign assets (compared to what is observable in 

the pension funds’ current portfolios), leads to more efficient portfolios. What is especially 

intriguing is that optimal investment levels have a much higher proportion invested in foreign 

bonds than is observable in the Icelandic pension funds’ investment strategies. This suggest 

that the potential benefits of international diversification are not fully exploited within the 

Icelandic pension funds and that an opportunity exists to achieve a better risk-return 

relationship, by increasing foreign investments.  

 

This thesis holds implications for Icelandic pension funds since it explores how different levels 

of foreign investments can affect the relationship between risk and return. The Icelandic 

government and legislative authorities might also need to revise current legislation regarding 

foreign investments within the pension system. Moreover, this thesis is relevant to all wage 

earners and employers since they are required by law to pay a proportion of salaries to the 

pension funds. Furthermore, the majority of wage earners in Iceland rely solely on pension 

payments after retirement, hence achieving the best risk-return relationship within the pension 

funds is of great importance.  

                                                 
2 The most efficient portfolio is the one that achieves the best risk-return relationship.  
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The structure of our bachelor thesis is as follows: we will start out by covering the structure of 

the Icelandic pension system and regulations placed on the Icelandic pension funds. Then we 

will cover literature on international diversification and studies on the benefits of international 

diversification within pension funds of other countries. Then we present the data set used in 

the study. Next, we will cover the methodology of the research, any assumptions made and 

present you with our empirical results. Finally, we will present our discussion and conclusions. 
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2 Literature Review  

2.1 Pension funds 

 

2.1.1 Types of pension funds 

A pension fund is a fund in which payments are made during an individual’s employment years 

to provide retirement benefits and protect the employee against uncertainty in retirement. 

Pension funds are financed by contributions made by employers and employees and their 

purpose is to invest these contributions to provide the members with income after retirement 

(Bodie, 1990). The retirement benefits are not paid out to members until they reach a legally 

defined retirement age (Lög um skyldutryggingu lífeyrisréttinda og starfsemi lífeyrissjóða). 

Pension funds also provide members with other compensations, e.g. disability pension and 

survivors pension (Fabozzi, Modigliani, & Jones, 2013).  

 

Pension funds can be public or private. A public pension fund is managed by the general 

government, whereas a private pension fund is managed by an institution other than the general 

government (OECD, 2005). There are two general approaches used by pension funds to collect 

contributions from their fund members. The first is an unfunded, pay as you go system, where 

retirement payments are made of contributions from current workers for the benefits of retired 

people. The second is a funded pension plan, in which each generation of workers saves a 

contribution which is invested in financial assets. The return is then credited to the individual’s 

account to pay for his future retirement benefits (Barr & Diamond, 2006; Blake, 2006).  

 

The World Bank has classified a three-pillar pension system, which has been broadly used 

since it was introduced in 1994. The three pillars are public pension, occupational pension and 

voluntary pension (The World Bank, 1994). The first pillar, a public pension, is provided by 

the state as a part of a social security system. Social security is a government system that 

provides unemployed, disabled and retired individuals with monetary assistance when an 

individual has no income or when regular earnings desist (Bach, 2003). Most public pension 

plans are defined benefit plans (Blake, 2006). The second pillar is maintained by organizations 

in the form of occupational pension plans. There are three types of occupational pension plans: 

defined benefit plans, defined contribution plans and hybrid pension plans (Lannoo, Barslund, 

Chmelar, & Werder, 2014). Defined benefit plans are usually pay as you go systems or partially 
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funded whereas defined contribution plans are generally fully funded (Chand & Jaeger, 1996). 

The third pillar of the pension system contains the additional savings in form of voluntary 

pension funds, which are individual savings where the individual holds a personal account in 

his preferred pension fund. The savings of the individual are regularly invested in deposit 

accounts or in mutual funds that invest in bonds and equity (Blake, 2006). Voluntary pension 

funds are a way for individuals to increase their pension savings and are generally tax exempt 

(Lopez-Murphy & Musalem, 2004).  

 

The general disparity of the pension schemes is in the terms of how benefits and rights are 

provided to their pension members (Davis, 2002). In a defined benefit plan, the pension that 

the employee receives after retirement is a specified, predetermined pension payment, defined 

by benefit terms. Benefits for the employee can be linked to earnings, a flat rate or means tested 

and are based on several factors, e.g. the employee’s age and years of service (Chand & Jaeger, 

1996). The employer or state is responsible for contributing payments on behalf of the 

employee and finance any gap between assets and liabilities in the fund that may arise (OECD, 

2017b). In a defined benefit plan, the managing institution which is often state owned, bears 

the investment risk and is responsible for providing sufficient income, as defined by the benefit, 

for the fund member in his retirement years (Lannoo et al., 2014). In a defined contribution 

plan, the employee holds an account in which both the employer and the employee contribute 

regular payments, based on a fixed proportion of the employees’ monthly salary. The pension 

payment that the employee receives depends on the contributions to his account and the returns 

on investments (Bodie, Marcus, & Merton, 1985). The employer has no legal obligation to 

contribute any additional payments to the fund in case of a shortfall within the pension fund. 

That means that the pension members generally bear the risk. A hybrid pension plan combines 

some of the characteristics from defined benefit plans and defined contribution plans, generally 

aiming at splitting the risks of investments and benefits between employees and employers 

(Lannoo et al., 2014). The main type of a hybrid pension plan is a cash balance plan, in which 

as with defined contribution plans, the benefit that the employee receives at retirement is 

defined by the amount in his account. However, as with a defined benefit plan, the employer 

is responsible for making the contributions on behalf of the employee. In a cash balance plan, 

the employee’s account is based on annual contributions for each year of employment, plus an 

accumulating interest on the annual contributions (Johnson & Steuerle, 2004). 
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2.1.2  The Icelandic pension system 

The Icelandic pension system has a three-pillar structure as explained by the World bank: The 

public pension plan (pillar one), mandatory funded occupational pension plan (pillar two) and 

voluntary pension saving (pillar three). The public pension of the Icelandic pension system is 

a part of a social security plan, financed with mandatory tax payments by employees as a fixed 

percentage of their monthly salary. The purpose of the plan is to secure a minimum standard 

of living in the form of retirement pension insurance, health insurance and occupational injury 

insurance (Ísleifsson, 2013). The second pillar of the Icelandic pension system is the mandatory 

occupational pension, which involves all wage earners and independent workers between 16 

and 70 years old. In these mandatory plans investment risk of the fund is borne unitedly by the 

pension members (Guðmundsson, 2001). In the mandatory plan, the total amount of benefits 

that the individual eventually realizes is dependent on the contributions paid, the returns on the 

fund’s assets and the number of years that payments are generated. The contribution is divided 

between the employee and the employer (Lög um skyldutryggingu lífeyrisréttinda og starfsemi 

lífeyrissjóða). Other factors, such as the individual’s longevity and the individual’s ability to 

work also have an effect on the total amount of benefits received (Ísleifsson, 2013). In addition 

to retirement pension, the pension funds have to provide disability and survivors pensions (Már 

Guðmundsson, 2000). The third pillar is the voluntary pension fund system where employees 

can, in addition to the mandatory plans, deduct a fixed proportion of their monthly salary to 

the individual pension plan. The employer then devotes an additional contribution to the 

pension plan. These individual pension savings are most commonly defined contribution 

accounts and cannot be redeemed until the individual has reached the age of 60 years (Lög um 

skyldutryggingu lífeyrisréttinda og starfsemi lífeyrissjóða). However, the individual can use 

the accrued contributions to buy his first real estate or allocate the premiums as a payment of 

the principal of a loan made for a real estate, before reaching the age of 60 years (Lög um 

stuðning til kaupa á fyrstu íbúð nr. 111/2016). 

 

At the beginning of 2017, there were 25 pension funds operating in Iceland. All the pension 

funds had a mandatory funded occupational pension plan (pillar two) and thirteen of them also 

had at least one voluntary pension savings plan (pillar three) (Fjármálaeftirlitið, 2017). Table 

1 shows the total net assets of these 25 pension funds, both in mandatory pension plans and 

voluntary pension plans (Lífeyrismál, 2016). Total net assets of the funds were 3,533 billion 

Icelandic Kronas (ISK), with the four largest pension funds holding almost 60% of total net 

assets within the pension system. The size of the mandatory pension plans was around 3,193 
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billion ISK or 90.4% of total assets of the pension funds. The remaining 340 billion ISK, 9.6% 

of the pension funds’ total assets were in voluntary pension plans (Fjármálaeftirlitið, 2017). 

The system has grown significantly since the year 2000, despite having to deal with the 

financial crash in 2008. In the year 1999, net assets were around 518 billion ISK (Kristíana 

Baldursdóttir, 2000), 80% of GDP, compared to 144.9% of GDP (OECD, 2017a). Furthermore, 

evidence show that the assets of the Icelandic pension system will grow significantly in the 

foreseeable future (Gylfi Magnússon et al., 2017). 

 

Pension funds in Iceland are obligated to act according to The Pension Act that was established 

in 1997. The Pension Act presents thorough legislation on pension funds with the objective to 

mark a general framework for mandatory pension insurance and the operations of pension 

funds in Iceland (Ísleifsson, 2013). Only institutions that offer retirement, disability and 

survivors pension have the permission to call themselves pension funds. According to 

legislation, to be able to operate, a pension fund needs to have a minimum of 800 members that 

pay contributions to the fund on a monthly basis (Lög um skyldutryggingu lífeyrisréttinda og 

starfsemi lífeyrissjóða). The Pension Act sets restrictions on the pension funds’ investment 

strategies with respect to risk diversification. Total exposure to financial instruments that are 

not listed on a systematic financial market, e.g. private equity, may not exceed 20% of net 

assets of the fund and total exposure to financial instruments that are listed on multilateral 

trading facility (MTF) in states within the European Economic Area (EEA) may not exceed 

5%. Investments in derivatives may not exceed 10% of the fund’s assets. To limit counterparty 

risk, pension funds are not allowed to hold more than 25% of total shares in the same mutual 

fund and not more than 20% of total equity in the same organization. According to the Pension 

Act, pension funds should limit currency risk by holding a minimum of 50% of total net assets 

in the same currency as their liabilities. As pension funds’ liabilities are in ISK, exposure to 

foreign currencies may not exceed 50% of total net assets (Lög um skyldutryggingu 

lífeyrisréttinda og starfsemi lífeyrissjóða). The Icelandic pension funds are also prohibited to 

short sell assets (Fjármálaeftirlitið, 2007).  
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Table 1: Total net assets of the Icelandic pension funds (Lífeyrismál, 2016) 

Pension Fund Total net asset 

in billion ISK  

The Pension Fund for State Employees 720,41 

The Pension Fund of Commerce 602,38 

Gildi Pension Fund 471,69 

Birta Pension Fund 320,15 

Stapi Pension Fund 186,69 

The Free Pension Fund  185,55 

The General Pension Fund 184,91 

The Cumulative Fund for Pension Rights 142,96 

Brú Pension Fund 128,48 

Festa Pension Fund 119,42 

The Reykjavík Employee's Pension Fund  74,06 

Lífsverk Pension Fund 72,97 

Bank Employees' Pension Fund 71,02 

The Icelandic Pension Fund 61,20 

The Westman Islands Pension Fund 45,72 

The Pension Fund of the Icelandic Air Line Pilots Association 31,58 

The Farmer's Pension Fund 31,43 

The Pension Fund for Nurses 26,44 

The Agricultural Bank of Iceland's Employee's Pension Fund 22,19 

The Pension Fund for Akureyri Town Employees 10,43 

The Pension Fund of Rangá District Residents 10,11 

The Pension Fund of the Icelandic Dental Association  5,08 

The Kópavogur Employee's Pension Fund  4,38 

The Pension fund of Reykjanesbær 4,01 

 



   11 

2.2 International diversification 

2.2.1 Effects of international diversification on risk and return  

The return on foreign investments is affected by two variables. The first variable is the return 

on the asset itself in its market and the second is the exchange rate between the currency of the 

asset and the home country currency of the investor. Therefore, the realized return for an 

investor who purchases a foreign asset can be quite different from the actual return on the asset 

in its own market (Elton, Gruber, Brown, & Goetzmann, 2014).  

 

Research shows that better investment performances can be achieved by dividing capital 

between different geographical areas (Goetzmann & Ukhov, 2006). Spreading investments 

between different geographical areas that have low correlation between each other, gives 

investors the ability to reduce the risk they face but at the same time the keeping their returns 

the same (Pfau, 2011). The advantages of international diversification have been documented 

for many years (Chiou, 2009) and the leading argument for international diversification is the 

fact that historically it has led to lower risk portfolios due to low correlation between the 

domestic and foreign assets (Elton et al., 2014). It should be noted that even though 

diversification can reduce risk it cannot completely eliminate it (Markowitz, 1952). The risk of 

any asset can be divided into two components of risk, systematic and unsystematic risk 

(Montgomery & Singh, 1984). Systematic risk or market risk is referred to as the risk that 

cannot be diversified away (Gençay, Selçuk, & Whitcher, 2005). The market risk is due to 

factors that are common to the market. Unsystematic risk is the risk that is related to factors or 

events that are unique to the asset, firm or industry (Montgomery & Singh, 1984).  

 

The efficient frontier is composed of a set of optimal portfolios that offer lower risk compared 

to alternative portfolios not located on the frontier, for a given level of return (or offer higher 

return for a given level of risk, compared to alternative portfolios). Portfolios that are situated 

below the frontier are not preferred since they offer lower returns for the same risk compared 

to portfolios on the frontier. Portfolios that lie to the right of the frontier are not preferred since 

they give the same returns as the portfolios on the frontier but have higher risk (Elton et al., 

2014). Figure 1 shows the efficient frontier for portfolios with different returns and standard 

deviation, marked with the solid black line in the expected return standard deviation space. 

Portfolio X consists of the optimum investment weights of all portfolios on the efficient 

frontier. Portfolio X would be preferred to portfolio Y, as it gives the investor higher returns 

for the same level of risk and preferred to portfolio Z as it has a lower level of risk for the same 
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return. It has been stated that the efficient frontier can possibly be extended when foreign 

investments are included in the investor’s portfolio. When investing both domestically and 

internationally, it is possible to reduce the total risk below the systematic risk of the domicile 

country, since the systematic risk in the domestic country is partly unsystematic in the 

international context. This is achieved by investing in foreign assets that are not perfectly 

correlated to systematic factors in the domestic country (Black & Litterman, 1992; Elton et al., 

2014).  By expanding the efficient frontier, the investor is able to gain higher returns for the 

same level of risk or reduce his risk for a given level of return (Markowitz, 1952). The capital 

allocation line (CAL) is a straight line in the expected return standard deviation space which 

has the intercept of the risk-free rate and a slope that equals the Sharpe ratio. The CAL is 

presented with the dotted line in Figure 1. The Sharpe ratio can be used to measure the 

performance of an investment (Elton et al., 2014). The Sharpe ratio shows the average expected 

reward for the investor for holding an asset with higher risk than the risk-free rate, per unit of 

volatility (Sharpe, 1966). A higher Sharpe ratio indicates that the investor is achieving greater 

returns relative to the level of additional risk, so benefits of international diversification 

increase with a higher Sharpe ratio (Sharpe, 1994). The Sharpe ratio is maximized (most 

efficient portfolio) at the point of tangency between the CAL and the efficient frontier. The 

portfolio on the efficient frontier that has the lowest attainable variance is called the minimum 

variance portfolio (Elton et al., 2014) and is marked with point MV on Figure 1. The dashed 

line below the minimum variance portfolio is not part of the efficient frontier. The efficient 

frontier ends at the maximum return portfolio, marked with point MR on Figure 1, when short 

sales are not allowed (Elton et al., 2014).  

 

Criticism regarding the benefits of international diversification, have emerged in the past few 

years. Since global markets seem to have become more integrated due to less barriers to cross-

border investing, the question is whether investors are truly benefitting from investing abroad 

(Chiou, 2008; Eun, Huang, & Lai, 2008). A fully integrated market is one that has no barriers 

to cross-border investing (Elton et al., 2014). To what extent international markets are 

integrated has a significant effect on how beneficial international diversification can be as well 

as how high the correlation is between securities within different markets (Levy & Sarnat, 

1970).  
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Figure 1: Efficient frontier and capital allocation line (based on the idea from Elton et al., 2014). 

Integration of international markets and correlation have a positive relationship, increased 

integration will lead to higher correlations between markets (Rugman, 1976). Looking at 

historical returns during periods of both high and low barriers to cross-border investing, 

evidence shows that correlation between markets are the highest when barriers to cross-border 

investing were the lowest (Elton et al., 2014). Recent evidence shows that correlations between 

international equity markets are increasing which leads to a decrease in the benefits of 

international diversification (You & Daigler, 2010). Chiou (2009) studied correlations between 

markets in two periods and found that correlations between markets were consistently higher 

in the later period. Evidence also shows that correlation between equity markets increases 

during financial crisis (Elton et al., 2014). However, it can still be beneficial for investors to 

diversify internationally. Research has shown that benefits of investing abroad are greater for 

investors domiciled in developing countries, compared to investors in developed countries like 

the U.S., as they face less developed and less diversified stock markets (Driessen & Laeven, 

2007; Eun et al., 2008). This is consistent with the fact that higher correlations have been found 

between the developed countries and other markets (Chiou, 2009).  

 

The literature provided above assumes that there are restrictions when it comes to short sales. 

However, research show that benefits of international diversification decrease when there are 

constraints regarding short-sales (Driessen & Laeven, 2007; Eun et al., 2008). Other aspects 
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related to whether international diversification is beneficial for investors are tax implications, 

transaction costs as well as information costs3. Since the 1970s, barriers to cross-border 

investing have fallen substantially (Kang & Stulz, 1997; Nieuwerburgh & Veldkamp, 2009). 

However, investors in many countries still have limited foreign investments and data shows 

that shares are generally mostly owned by domestic investors (Kang & Stulz, 1997). Home 

bias is a behavioural pattern where the proportion in domestic investments in the investors’ 

portfolio exceeds the proportion in the world market portfolio (Nieuwerburgh & Veldkamp, 

2009). Literature on the home bias phenomena highlights that investors in general do not hold 

the world market portfolio. If investors hold the market portfolio, their percentage in domestic 

investments would be the same as the weight of their country in the world market portfolio 

(Kang & Stulz, 1997). The home bias phenomena can prevent investors in exploiting all the 

advantages of international diversification (García-Herrero & Vázquez, 2013; Goetzmann & 

Ukhov, 2006). Some consider the primary cause of home bias to be investors’ choice to 

disregard the opportunity to gain information about foreign assets or that they are unable to 

access the same amount of information about the foreign asset as the domestic one (Coval & 

Moskowitz, 1999; Nieuwerburgh & Veldkamp, 2009). Some have claimed that home bias is a 

consequence of rational investor choice (Nieuwerburgh & Veldkamp, 2009), whilst other argue 

behavioural explanations like loyalty (Cohen, 2009) or simply that investors hold badly 

diversified portfolios (Tesar & Werner, 1995).  

 

Not many studies have analysed international diversification from an Icelandic perspective or 

for the Icelandic pension funds. Two reports that discuss foreign investments within the 

Icelandic pension funds have been published, one in 2017 and the latter in 2018. The first report 

covered foreign investments within the pension funds and concluded that current regulations 

are sufficient and a floor on foreign investments should not be implemented (Gylfi Magnússon 

et al., 2017). The second report discussed the activity of pension funds within the Icelandic 

economy as well as foreign investment strategies of the pension funds in the near future. The 

report stated that foreign investments of Icelandic pension funds are relatively low in an 

international comparison and concluded that the pension funds should increase the proportion 

of foreign investments in their portfolios (Gunnar Baldvinsson et al., 2018). 

                                                 
3 In this thesis, we will assume that returns are not taxed, there are no currency constraints and no transaction or 

information costs. 
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2.2.2 International diversification in pension funds – evidence from other countries 

The benefits of international diversification vary between countries (Sbia & Al Rousan, 2015) 

and have shown to be positive in many of them. Research shows that for Nordic countries, 

investing outside the domestic area resulted in significant benefits of international 

diversification (Liljeblom, Löflund, & Krokfors, 1997). Studies from the Netherlands show 

that during the financial crisis in 2008, holding a global, well diversified portfolio compared to 

a portfolio only consisted of domestic assets decreased the portfolio’s volatility substantially. 

These results indicate that regulators should not impose strict barriers to foreign investment, 

especially during and following a crisis, to ensure risk diversification (Vermeulen, 2013).  

 

Figure 2: Foreign investments of pension funds within selected OECD countries4 (OECD, 2017b). 

Countries with relatively small capital markets generally tend to have larger proportion of 

foreign investment in their pension investments compared to countries with large capital 

markets. The reason for this could be that for small, developing countries, benefits of 

                                                 
4 There is a slight difference in the proportion reported of foreign investments within the Icelandic pension 

system by the OECD and by the Central Bank of Iceland. We will use the proportion stated by the Central Bank.  
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international diversification are greater than for large, developed countries as most of the 

benefits of diversification can be achieved by investing in the domestic market only (Driessen 

& Laeven, 2007). This also indicates that the investment policies of these countries resemble 

the weights in the world market portfolio. That is, since they have small capital markets they 

invest small proportions domestically and higher proportions abroad. Countries like the 

Netherlands, Estonia, Slovak Republic and Finland are comparable to Iceland in the sense that 

they have relatively small capital markets, representing less than 1% of the world market 

portfolio. These countries all have a large proportion of their total investments invested in 

foreign assets. However, that is not the case for Iceland, as Figure 2 shows (OECD, 2017b). 

Figure 3 shows, that the proportion of foreign assets within the Icelandic pension funds’ 

portfolios has been rather low historically (Seðlabanki Íslands, 2018). In the beginning of 2006, 

the proportion of foreign assets had risen up to 30% of total assets and reached a maximum of 

30.6% in November 2008. At the end of 2016, the proportion in foreign assets was 21.5% 

(Seðlabanki Íslands, 2018). 

 

Figure 3: Foreign assets as a proportion of total assets within Icelandic pension funds, both mandatory and voluntary 

pension plans (Seðlabanki Íslands, 2018). 

The Netherlands, Iceland and Switzerland have the three largest pension systems within the 

OECD, when measured as a proportion of GDP. The fact that the relative sizes of the pension 

systems to GDP are similar and that the pension systems are all formed by three pillars, makes 

the three countries comparable. At the end of 2016, the Dutch pension funds’ assets as a 

proportion of GDP were 181.8%, compared to 144.9% in Iceland. Switzerland’s pension 
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system is the third largest within OECD with the pension system’s total assets being 127.9% 

of GDP (OECD, 2017a). In 2016, the Netherlands had 81.3% of their total investment in 

foreign assets, compared to 21.5% in Iceland (Seðlabanki Íslands, 2018) and 40.8% in 

Switzerland. The real rate of return for the Dutch pension system in 2016 was 7.2% compared 

to -0.3% in Iceland and 3.9% in Switzerland (OECD, 2017b). 
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3 Data 

To analyse the impact of international diversification, ten of the largest Icelandic pension funds 

were selected based on their net assets at end of year 2016. A precondition was made to only 

analyse pension funds that have net assets greater than 100 billion ISK. All of the 10 largest 

pension funds adhere to that condition. Total net assets of the 11th largest pension fund amount 

to 74 billion ISK (Lífeyrismál, 2016). Table 2 shows the ten largest pension funds, from largest 

to smallest, based on their net assets. Five pension funds are excluded due to data limitations 

and therefore only five pension funds are analysed. These pension funds are The Pension Fund 

for State Employees, The Pension Fund of Commerce, The General Pension Fund, The 

Cumulative Fund for Pension Rights and Brú Pension Fund. A further explanation on the data 

limitations are listed below.   

Table 2: Total net assets of the 10 largest pension funds (Lífeyrismál, 2016). 

Pension Fund Total net asset in 

billion ISK  

The Pension Fund for State Employees 720,41 

The Pension Fund of Commerce 602,38 

Gildi Pension Fund 471,69 

Birta Pension Fund 320,15 

Stapi Pension Fund 186,69 

The Free Pension Fund  185,55 

The General Pension Fund 184,91 

The Cumulative Fund for Pension Rights 142,96 

Brú Pension Fund 128,48 

Festa Pension Fund 119,42 

 

 

To conduct our research, data was combined from four sources: The pension funds’ annual 

reports, daily closing prices of indexes which are intended to correspond to the asset categories 

that the pension funds report, risk-free rate of developed countries and exchange rate between 

USD and ISK. The asset composition and returns of each pension fund within our data set was 

collected from the pension funds’ annual reports. We treat the five selected pension funds as 

six different portfolios, since The Pension Fund for State Employees is divided into division A 

and division B. At end of year 2016, Division A had 82.6% invested domestically and almost 

14.6% invested abroad. The remaining 2.8% were invested in mutual funds. Division B has 

60.5% invested domestically and 35.8% invested abroad. The remaining 3.7% were invested 

in mutual funds. It is not unambiguously clear what is invested in domestic and foreign assets 
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within the mutual funds. The Pension Fund for State Employees only reports four asset 

categories (domestic bonds, domestic equity, foreign bonds and foreign equity) and the total 

percentage invested in mutual funds. Since we do not know the asset composition of the mutual 

funds the pension fund invests in, we will add the percentage invested in mutual funds, 

proportionally to the four asset categories to scale the total investment up to 100%. The Pension 

Fund of Commerce currently has 74% invested in domestic assets and 26% in foreign assets. 

The General Pension Fund has 79% invested in domestic assets and 21% invested abroad. The 

Cumulative Fund for Pension Rights has around 78% invested in domestic assets and almost 

22% invested abroad. Brú Pension Fund has roughly 85% invested in domestic assets and 

almost 15% invested abroad. A more detailed asset composition of each fund can be seen in 

Tables B1-B6 in Appendix B.  

 

We exclude five pension funds from our data set due to data on the pension funds not being 

available throughout the whole research period. We exclude Gildi Pension fund, the 3rd largest 

pension fund, since the fund only has data back to 2005 for he was founded in 2005 with the 

merge of two other pension funds. We exclude Birta Pension Fund, the 4th largest pension fund, 

because the fund was established in late 2016 and data was therefore not available for previous 

years. Stapi Pension fund, the 5th largest pension fund, is also excluded from our data set due 

to data limitations. Stapi Pension Fund only has data that goes back to 2006 for he was founded 

in 2006 with the merge of two other pension funds. The Free Pension Fund, the 6th largest 

pension fund, is excluded for two reasons. First, the pension fund did not report its asset 

composition in a consistent manner during the research period. Second, the fund did not show 

the itemization of their foreign investments in all of their annual reports, therefore, it was not 

possible to access the proportion invested in foreign bonds and equities. Festa Pension Fund 

only has data back to 2006, for he was founded in mid 2006 with the merge of two other pension 

funds. For that, Festa Pension Fund is excluded in our analysis. All of the pension funds in our 

data set, The Pension Fund for State Employees, The Pension Fund of Commerce, The General 

Pension Fund, The Cumulative Fund for Pension Rights and Brú Pension Fund have data 

available back to 2004. All data about the pension funds’ asset compositions are publicly 

available in their annual reports. Our research period ends in December 2016, as when this 

thesis is written, more recent data is not available as annual reports for 2017 have not been 

published. 
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A limitation to this research is that information regarding the daily returns on the assets or the 

daily asset composition of the Icelandic pension funds is not available. This results in the 

inability to measure the daily returns and volatilities accurately since annual returns of the 

assets can only be accessed. When simulating the portfolios with different levels of foreign 

investments, we use the daily closing prices of the indexes, but the disadvantage is that we 

assume that the asset composition is the same on average throughout the year.  

 

To estimate the risk and return of the pension funds’ domestic investments we use the daily 

closing prices of an Icelandic 10-year government bond index, which represents investments 

made in domestic bonds, and the daily closing prices of the Icelandic stock market index 

(OMXI) which represents investments made in domestic equity. Pension funds are long term 

investors and therefore we use a 10-year bond index to represent the funds’ investment in 

domestic bonds. Although pension funds invest both in indexed and non-indexed bonds, a non-

indexed bond index was chosen since returns for all other indexes in the data set are in nominal 

terms. To test the validity of the price data for the bond index, we compared the daily closing 

prices with daily yield for a 10-year government bond, collected from Trading Economics. In 

general, yields and prices on bonds move in opposite direction. Figure C1 (in Appendix C) 

shows the negative relationship between the variables, a yield increase resulted in a price 

decrease and vice versa. To estimate the risk and return of the pension funds’ foreign 

investments we use the daily closing prices of the global equity market index (MSCI World), 

which represent investments made in foreign equities, and to represent investments made in 

foreign bonds we use the daily closing prices of the JPM Global Aggregate Bond Index. We 

assume that the pension funds are able to invest in portfolios only consisted of the benchmark 

indexes. For both foreign bonds and equities, we use the exchange rate for U.S. Dollar (USD) 

against the ISK to convert the price in USD to ISK, as the prices of the foreign indexes are 

stated in USD. We use an annual risk-free rate of developed countries5 to represent the global 

risk-free rate each year, during the research period. Daily closing prices of the domestic bond 

index, Icelandic stock market index, the global equity market index and the exchange rate for 

USD against ISK were obtained from the Thomson Reuters DataStream. Daily closing prices 

of the global bond index were obtained from Bloomberg Terminal. The annual risk-free rates 

of developed countries were obtained from Kenneth R. French’s data library6.  

                                                 
5 We do  not use the Icelandic Central Bank rate as a risk-free rate, as the Icelandic government does not have a 

AAA rating (Central Bank of Iceland, 2018) and the portfolios both contain domestic and foreign investments.  
6 http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html 
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The research period starts in January 2004 and ends in December 2016. However, we exclude 

2007 due to data not being available on the Icelandic 10-year government bond for that year. 

The research period is therefore twelve years and captures the composition and effects of 

foreign investments within Icelandic pension funds before, during and after the financial crisis 

which occurred in 2008. We were unable to access data about domestic bonds before 2004. It 

also proved difficult to find consistent data regarding portfolio composition and returns of the 

pension funds earlier than 2004. Another factor that influences the decision regarding the 

research period is the Dot-com bubble, an economic bubble which occurred from 1995 to 2000. 

During those years, markets were in a turmoil (Chang, Newman, Walters, & Wills, 2016). 

Markets grew fast until 2000 but then began to drop and did not adjust until the year 2003, after 

they hit bottom (Gaither & Chmielewski, 2006). Therefore, we start our research period in 

2004, so that the substantial drop in equity markets in the previous years will not affect our 

research.  

 

Our research period contains the financial crisis that occurred in 2008. A consequence of the 

financial crisis is that capital restrictions were enacted in Iceland in 2008 and were not 

completely lifted until in 2017. That means that individuals and institutions were not able to 

invest abroad during this period. Still, pension funds held their current investments in foreign 

assets, so the proportion of foreign assets in their portfolios did not drop to 0% during that 

period. However, pension funds were allowed to invest a limited amount abroad each year from 

2014 and throughout 2016. In the beginning of year 2017, all capital restrictions were lifted so 

pension funds are currently free to invest abroad (Gunnar Baldvinsson et al., 2018), but foreign 

investment may not exceed 50% of the total value of the fund (Lög um skyldutryggingu 

lífeyrisréttinda og starfsemi lífeyrissjóða). We do not include the capital restrictions in our 

research and assume that the pension funds can invest abroad during the research period. We 

also assume that foreign investments can exceed 50% of the net assets of the fund.  
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4 Methodology  

In the following section, we specify the methods used to examine the effects of foreign 

investments on risk and return within the Icelandic pension funds included in our data set. We 

also address the assumptions made in our research. As discussed, evidence shows that investing 

globally can reduce risks while keeping expected returns the same or increase expected returns 

while keeping the same risk level (Pfau, 2011). When examining the effect of increased foreign 

investments within pension funds, the most important aspect we want to analyse is the risk 

reduction of the portfolio as well as the change in returns. We therefore interpret that increased 

foreign investments within pension funds is beneficial either when returns are higher while 

keeping risk level the same, or when risk is reduced while returns remain unchanged.   

 

An ex-post analysis was performed based on historical data. We segment our research into four 

parts. First, we simulate portfolios with different levels of foreign investments, based on the 

pension funds’ reported portfolio composition. We keep the weights of bonds and equity within 

domestic and foreign assets fixed, and alter the total proportion invested in domestic and 

foreign assets. We estimate the annual return and volatility of these portfolios, both taking into 

account the exchange rate between the USD and ISK and assuming that the exchange rate is 

fixed over the research period. We also determine the Sharpe ratio to measure the performance 

of the portfolios. Second, we estimate the optimal portfolio for the pension funds for each year, 

by varying the weights invested in all asset categories within the portfolio. We estimate the 

optimum investment weights by maximizing the Sharpe ratio of the portfolio. Third, we 

compare the reported returns of the pension funds to the returns of the optimal portfolios, to 

analyse how far the reported returns deviate from the returns of the optimal portfolios. Fourth, 

we estimate the portfolio that is optimal on average over the research period as a whole and 

graph the efficient frontier.  

 

The data regarding the asset composition of the pension funds’ portfolios and the daily closing 

prices of the indexes is used in two ways. To begin with, the asset composition is used to find 

the average investment strategy of the pension fund for each year in the research period. This 

is done to be able to estimate the effect of different levels of foreign investments within the 

pension funds’ portfolios. The impact of different levels of foreign investments is estimated 

based on the daily closing prices of the indexes. The daily closing prices of each index are used 
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to estimate the annual return and volatility (risk) of that index, where the volatility is measured 

as the standard deviation of returns. The risk and return of each simulated portfolio is estimated 

by assuming that the pension funds invest directly in the indexes. The data regarding the asset 

composition of the pension funds’ portfolios and the daily closing prices of the indexes are 

used to estimate the optimal portfolio for the pension funds. When estimating the optimal 

portfolio, we use four asset categories; domestic bonds, domestic equities, foreign bonds and 

foreign equities. The returns as stated in the pension funds’ annual reports are used in two 

ways: to compare to the returns of the optimal portfolios and to compare to the estimated 

returns of the pension funds. The estimated returns of the pension funds are estimated assuming 

that the pension funds invest the proportions stated in their annual reports directly in the 

indexes, corresponding to each asset category. This we do to see how well the indexes reflect 

the actual investments of the pension funds. The results are shown in Appendix B. Tables B1-

B6 show that the indexes do not fully reflect the investments made by the pension funds. 

However, since we do not know the detailed portfolio composition of the pension funds, using 

the indexes is our best estimate.   

 

We begin to look at the risk and returns from the Icelandic investors’ perspective, assuming a 

floating exchange rate between USD and ISK. As the prices of the foreign indexes used in our 

research are stated in USD, we convert each daily return from USD to ISK by using the 

exchange rate between USD and ISK. We also look at the risk and returns from the Icelandic 

investors’ perspective, assuming that the exchange rate between the USD and ISK is fixed over 

the period being researched. When analysing the portfolios assuming that the exchange rate is 

fixed, we seek to capture the diversification effect of increased foreign investments within the 

Icelandic pension funds, without the fluctuations in the ISK having an effect. In reality, this 

situation could only be achieved by completely hedging against exchange rate risk.  

 

For the first approach, for all returns to be in the same currency, daily returns on foreign assets 

are converted from USD to ISK, based on the idea of Elton et al. (2014). We multiply the daily 

return in USD with the proportion change in foreign exchange rate: 

 

1 + 𝑟𝐼𝑆𝐾 = (1 + 𝑟𝑈𝑆𝐷) ⋅
𝐸2

𝐸1
          (4.1) 
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where:  

𝑟𝐼𝑆𝐾: Return in Icelandic Kronas 

𝑟𝑈𝑆𝐷: Return in U.S. Dollars 

E1: Exchange rate, 
𝑈𝑆𝐷

𝐼𝑆𝐾
, at period 1 

E2: Exchange rate, 
𝑈𝑆𝐷

𝐼𝑆𝐾
 , at period 2 

 

To be able to estimate the return on the simulated and optimal portfolios we calculate the annual 

return of the portfolios based on the annual returns of the indexes. We calculate this based on 

the idea of Elton et al. (2014). So, 

 

𝑅𝑝 = ∑ 𝑤𝑖𝑅𝑖

𝑛

𝑖=1

          (4.2) 

where: 

𝑅𝑝: The annual return of the portfolio 

n: Number of asset components in the portfolio 

𝑤𝑖 : Weight invested in asset i, where weights are determined by the proportion of total 

value of the portfolio 

𝑅𝑖: The annual return of asset i, where each asset i represents one of the indexes 

 

This equation implies that the return of the portfolio is determined by the sum of weighted 

average of the annual returns of each component in the portfolio. 

 

To calculate the annual return on each asset component in the portfolio based on the indexes, 

we calculate the return of each component on an annual basis, based on the idea of Hull (2012).  

 

𝑅𝑖,𝑡,𝑎𝑛𝑛𝑢𝑎𝑙 =
𝑃𝑖,𝑡 − 𝑃𝑖,𝑡−1

𝑃𝑖,𝑡−1 
          (4.3) 

where: 

𝑅𝑖,𝑡,𝑎𝑛𝑛𝑢𝑎𝑙 : Annual return of asset i in year t 

𝑃𝑖,𝑡: Closing price of asset i, at last trading day of year t 

𝑃𝑖,𝑡−1: Closing price of asset i, at last trading day of year t-1 
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To calculate the standard deviation of each asset components’ returns, we first calculate the 

daily return on each asset component, based on the idea of Hull (2012). So, 

 

𝑅𝑖,𝑡,𝑑𝑎𝑖𝑙𝑦 = 
𝑃𝑖,𝑡−𝑃𝑖,𝑡−1

𝑃𝑖,𝑡−1
          (4.4) 

where: 

𝑅𝑖,𝑡,𝑑𝑎𝑖𝑙𝑦: Daily return of asset i, on day t 

𝑃𝑖,𝑡: Closing price of asset i, at day t 

𝑃𝑖,𝑡−1: Closing price of asset i, at day t-1 

 

To estimate the standard deviation of the portfolio’s return (volatility), we first calculate the 

standard deviation of each asset component. In order to do that, we calculate the daily standard 

deviation of the daily returns of each asset component, based on the idea of Hull (2012). So, 

 

σ𝑖,𝑑𝑎𝑖𝑙𝑦 = √
∑ (𝑅i,t,daily − �̅�𝑖)

𝑇
𝑡=1

𝑛 − 1
          (4.5)  

 

where: 

σ𝑖,𝑑𝑎𝑖𝑙𝑦: Standard deviation of the daily returns of asset i 

T: Number of trading days in the year 

𝑅i,t,daily: Daily return of asset i, at time t 

�̅�𝑖: Average daily return of asset i 

af 

We annualize the daily volatility based on the idea of Hull (2012) by multiplying the daily 

standard deviation of each asset component by the square root of 252, the number of trading 

days in one year: 

 

σ𝑖,𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 = σ𝑖,𝑑𝑎𝑖𝑙𝑦√252          (4.6) 

 

The volatility of the portfolio is calculated by using the annualized volatility of each asset 

component in the portfolio and the correlation between each asset pair in the portfolio. The 

correlation between each two asset pairs within the portfolio is calculated for each year from 

the daily returns of each index, based on the idea of Elton et al. (2014). So, 
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𝜌𝑖,𝑗 =
∑ (𝑅𝑖,𝑡,𝑑𝑎𝑖𝑙𝑦

𝑇
𝑡=1 − �̅�𝑖)(𝑅𝑗,𝑡,𝑑𝑎𝑖𝑙𝑦 − �̅�𝑗)

𝜎𝑖,𝑑𝑎𝑖𝑙𝑦𝜎𝑗,𝑑𝑎𝑖𝑙𝑦
  ∙  

1

𝑇 − 1
       (4.7) 

where: 

𝜌𝑖,𝑗: Correlation between the daily returns of assets i and j. 

 

Based on the idea of Elton et al. (2014), the volatility of the portfolio is calculated as follows: 

σ𝑝 = √∑ 𝑤𝑖
2σ𝑖

2 + ∑  ∑ 𝑤𝑖

𝑛

𝑗=1
𝑖≠𝑗

𝑤𝑗σ𝑖σ𝑗𝜌𝑖,𝑗

𝑛

𝑖=1

𝑛

𝑖=1

         (4.8)   

where: 

σp: The volatility of the portfolio, in annual terms 

σi²: Variance of asset i 

 

Equation 4.8 implies that the correlation of the securities within the portfolio affects the total 

volatility of the portfolio. A lower correlation between the securities within the portfolio results 

in a lower volatility of the portfolio. When calculating the correlation terms, we adjust data 

points as holidays in Iceland are not the same as in other countries, resulting in that trading 

days of the Icelandic and foreign markets are not always identical. The Icelandic stock 

exchange was therefore closed on some days when the foreign stock exchange was open and 

vice versa. For the days that the Icelandic stock exchange was closed due to holidays and the 

foreign stock exchange was open, we assume that prices of Icelandic securities do not change 

during the day, interpreted with a daily return of 0%. The same is carried out for returns on 

foreign securities when foreign stock exchanges were closed but the Icelandic stock exchange 

was open. This is done to make sure that a specific day return in the domestic market 

corresponds to the same date abroad and the other way around. Since results are analysed both 

with respect to exchange rate risk and keeping the exchange rate fixed, the correlation terms 

are calculated in two ways. First, the correlation terms are calculated assuming the exchange 

rate fluctuates during the period, affecting the returns of foreign assets in ISK. Second, the 

correlation terms are calculated assuming that the exchange rate is fixed during the whole 

research period, so that exchange rate risk does not affect the returns of foreign assets in ISK.  
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To estimate the performance of the portfolios, we calculate the Sharpe ratio based on the ideas 

of Sharpe (1994). The Sharpe ratio is calculated by dividing the difference between the return 

of the portfolio and the risk-free rate to the volatility (standard deviation) of the portfolio: 

 

𝑆ℎ𝑎𝑟𝑝𝑒 =
𝑅𝑝−𝑅𝑓

σ𝑝
           (4.9) 

where: 

𝑟𝑓: Risk-free rate 

 

A higher Sharpe ratio indicates a better performance of the portfolio, therefore the portfolio 

with the highest Sharpe ratio is the one that performed the best, achieving the best risk-return 

relationship (Sharpe, 1994). The Sharpe ratio is calculated for each simulated portfolio, 

containing different asset compositions, for each year.  

 

We simulate portfolios with different levels of foreign investments for each pension fund. We 

use eleven different levels of foreign investments when creating the portfolios and assume that 

the pension funds can invest directly in the index corresponding to the asset category. The 

levels of foreign investments range from 0% up to 100%, jumping at 10%. The asset 

compositions are as follows: 

Portfolio 1:  100% invested in domestic assets, 0% invested in foreign assets. 

Portfolio 2:  90% invested in domestic assets, 10% invested in foreign assets. 

Portfolio 3:  80% invested in domestic assets, 20% invested in foreign assets. 

Portfolio 4:  70% invested in domestic assets, 30% invested in foreign assets. 

Portfolio 5:  60% invested in domestic assets, 40% invested in foreign assets. 

Portfolio 6:  50% invested in domestic assets, 50% invested in foreign assets. 

Portfolio 7:  40% invested in domestic assets, 60% invested in foreign assets. 

Portfolio 8:  30% invested in domestic assets, 70% invested in foreign assets. 

Portfolio 9:  20% invested in domestic assets, 80% invested in foreign assets. 

Portfolio 10:  10% invested in domestic assets, 90% invested in foreign assets. 

Portfolio 11:  0% invested in domestic assets, 100% invested in foreign assets. 

 

These asset compositions stay the same throughout the research period for each pension fund. 

The approach of our analysis is to look at the portfolio of each pension fund as composed of 

only two assets, domestic and foreign. We use the average investment strategy of the fund over 
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the year being analysed, derived from their annual reports. We assume that the pension funds 

keep the proportion invested in bonds and equities within the domestic and foreign assets fixed, 

on average, throughout the year. Therefore, we only alter the total proportion invested in 

domestic and foreign assets. The proportion invested in bonds and equity within these two 

assets categories does not change. We estimate the simulated portfolios with the constraint that 

weights of asset compositions must sum up to 100% and that weights in domestic and foreign 

assets must be larger or equal to 0%, as short sales are prohibited. So,  

 

Constraint 1a: 

 

∑ 𝑤𝑖 = 1

2

𝑖=1

 

Constraint 1b: 

𝑤𝐷 ≥ 0 

𝑤𝐹 ≥ 0 

where 

𝑤𝐷  : weight in domestic asset 

𝑤𝐹  : weight in foreign asset. 

 

To be able to alter the proportion of foreign investments from 0% up to 100%, we create an 

index within the domestic and foreign assets. The index represents the proportion invested in 

bonds and equity and assumes that those proportions are fixed. For example, if the investment 

in domestic assets consists of 70% bonds and 30% equity, the index for domestic investments 

is created by multiplying the weights with the indexes corresponding to domestic bonds and 

equity. The same is done for foreign investments. By this, we create two indexes which are 

weighted averages, that represent the domestic and foreign investments within the pension 

fund. First, the foreign index is given a weight of 0% in the total portfolio and the domestic a 

weight of 100%. The weight on the foreign index is then increased by 10% at a time, until the 

weight has reached 100% and the weight on the domestic index is 0%.  

 

An advantage of the first part of our research is that it can be used to make a detailed analysis 

of the impact of different levels of foreign investments on the risk-return relationship within 

the Icelandic pension funds. 
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The second part of our research is concerned with estimating the optimal portfolio each year 

for the pension funds, both assuming a floating exchange rate and assuming a fixed exchange 

rate throughout the research period. When estimating the optimal portfolio, we assume that the 

asset composition within domestic and foreign assets can change and that the pension funds 

invest directly in the indexes. We estimate the optimal portfolio each year by altering the 

weights invested in the four asset categories, domestic bonds, domestic equity, foreign bonds 

and foreign equity. We find the optimum investment weights by maximizing the Sharpe ratio 

of the portfolio, where the highest Sharpe ratio each year is calculated using the returns and 

volatilities of the indexes for each given year. We estimate the optimal portfolio with the 

constraint that weights of asset compositions must sum up to 100% and that weights in 

domestic bonds, domestic equity, foreign bonds and foreign equity must be larger or equal to 

0%, as short sales are prohibited. While altering the proportions invested, we assume that 

regulations regarding foreign investments within the pension funds do not exist. So, 

 

Constraint 2a: 

∑ 𝑤𝑖 = 1

4

𝑖=1

 

Constraint 2b: 

𝑤𝐷𝐵 ≥ 0 

𝑤𝐷𝐸 ≥ 0 

𝑤𝐹𝐵 ≥ 0 

𝑤𝐹𝐸 ≥ 0 

 where: 

𝑤𝐷𝐵  : weight in domestic bonds 

𝑤𝐷𝐸  : weight in domestic equity 

𝑤𝐹𝐵  : weight in foreign bonds 

𝑤𝐹𝐸  : weight in foreign equity 

 

We estimate the optimal portfolio by maximizing the Sharpe ratio for each year, based on the 

returns and volatility of the indexes using equation 4.9. The advantage of our second research 

is that we are able to capture the optimal levels of investment weights within the pension funds 

each year.  
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The third part of our research is concerned with comparing the reported returns of the pension 

funds’ portfolios to the returns of the optimal portfolios. The advantage of our third research is 

that we are able to analyse how far away the Icelandic pension funds’ returns funds deviate 

from the returns of the optimal portfolios. 

 

The fourth part of our research is to estimate the efficient frontier consisted of portfolios that 

are optimal on average over the research period, based on the idea of Gylfi Magnússon (2002). 

This we do to analyse which investment levels are optimal over the research period as a whole, 

both assuming a floating exchange rate and assuming a fixed exchange rate. To be able to draw 

the efficient frontier, the minimum variance portfolio and the maximum return portfolio are 

also estimated, since only the part from the minimum variance portfolio to the maximum return 

portfolio is considered efficient. Other approaches in our analysis have been concerned with 

estimating and comparing the portfolios for each year separately, based on daily returns on the 

indexes. This approach is concerned with estimating the average annual return and volatility to 

find the average optimal portfolio over the whole research period. The annual returns of each 

index are calculated based on the daily closing prices of the indexes, as described in equation 

4.2. The average return on each index over the research period is calculated by summing the 

annual returns and dividing by the number of years in the research period. The volatility is 

calculated from the annual returns of the indexes, similarly to what is stated in equation 4.5.  

 

To draw the efficient frontier, we estimate the minimum variance for several given values of 

returns. The frontier is constructed from the resulting points, where each point represents a 

return and the minimum volatility for that return. Each point also represents a specific asset 

composition, where the sum of all asset categories is 100%, as short selling is prohibited. After 

the efficient frontier is estimated, we derive the capital allocation line (CAL), to find the 

portfolio that is at the point of tangency between the CAL and the efficient frontier. To find 

the CAL, we first estimate the Sharpe ratio, as described in equation 4.9, which is the slope of 

the CAL. To represent the risk-free rate in the calculations, we calculate the average annual 

risk-free rate from the annual risk-free rates over the research period, derived from Kenneth R. 

French’s data library.  From the slope of the CAL we can draw the line, based on the risk-free 

rate and the portfolio’s standard deviation. So, 

 

𝑅𝑎 = 𝑟𝑓 + σ𝑎𝑆ℎ𝑎𝑟𝑝𝑒          (4.10) 
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where: 

𝑅𝑎: The return of portfolio a 

𝑟𝑓: The average risk-free rate over the period 2004-2016, excluding 2007 

σ𝑎: Standard deviation of portfolio a 

Sharpe: The maximum Sharpe ratio  

 

The point where the CAL and the efficient frontier are tangent represents the optimal portfolio 

on average throughout the research period.  

 

When simulating the portfolios, we expect to achieve a better risk-return relationship when 

investing more abroad, especially when keeping the exchange rate fixed. We predict that the 

optimal portfolios for each year and the optimal portfolio on average over the research period, 

contain high levels of foreign investments, greater than observed in the pension funds’ 

portfolios, especially in foreign bonds. This we expect both when assuming a floating exchange 

rate and assuming that it is fixed.  

 

There are four main assumptions made in our research. The first is concerned with taxes, the 

second with short sales, the third with capital controls and the fourth with transaction and 

information costs. If investors face higher taxes on returns gained by foreign investments it can 

reduce and even eliminate the benefits of investing abroad (Elton et al., 2014). In our research, 

we assume that all investments, both domestic and foreign, as well as any capital gains are not 

taxed. This assumption is supported by the fact that the Icelandic pension funds are tax exempt 

(OECD, 2015). The second assumption concerns short sales. Benefits of international 

diversification can be further enhanced with short sales being allowed (Driessen & Laeven, 

2007; Eun et al., 2008) but Icelandic pension funds are by law prohibited to short sell assets 

(Fjármálaeftirlitið, 2007). Therefore, when creating the simulated portfolios as well as the 

optimal portfolio, we assume that the pension funds do not hold short positions in any asset 

categories. The third assumption in our research relates to capital controls. When estimating 

the simulated portfolios and the optimal portfolios, we assume that the proportion invested in 

foreign assets has no limits, even though capital controls were imposed in 2008 in Iceland. 

Finally, we assume that the pension funds do not incur any cost related to their investments, 

e.g. transaction costs and information costs.  
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5 Empirical Results 

We present the results of our analysis in four parts. First, we present the results from the 

simulated portfolios, containing different levels of foreign investments, then the optimal 

portfolios for each year and then we compare the reported returns of the pension funds to the 

returns of the optimal portfolios. Finally, we present the results of the efficient frontier 

consisted of portfolios that were optimal on average over the research period. Our results from 

the simulated portfolios will be presented in the following way: We will look at each pension 

fund separately, where each year in our research period will be analysed based on the eleven 

simulated portfolios that contain different levels of foreign investments. First, we will analyse 

the different portfolios assuming a floating exchange rate and then assuming that the exchange 

rate is fixed. For our results of the optimal portfolios, we will present the optimal portfolio for 

the pension funds, for each year separately in our research period. The comparison of the 

reported returns to the returns of the optimal portfolios will be presented for each pension fund 

for each year separately and the efficient frontier is analysed for the research period as a whole.  

 

5.1 Simulated portfolios 

5.1.1 Main findings 

The main findings of our analysis of the simulated portfolios are as follows: When assuming a 

floating exchange rate, the lowest risk portfolios are achieved when 70-90% is invested in 

domestic assets, except with The General Pension Fund, which achieves lowest risk portfolio 

when investing 60% domestically. The highest return each year is always achieved either in 

portfolio 1 or 11, though more often within portfolio 11. The highest Sharpe ratio for each fund 

is most often achieved within portfolio 1, except for Brú Pension Fund which achieves the 

highest Sharpe ratio equally often in portfolio 1 and 11, when assuming a floating exchange 

rate. When assuming a fixed exchange rate, the lowest risk portfolio is most often achieved 

with 60-90% invested in domestic assets, except for The Pension Fund for State Employees, 

division A and The General Pension Fund, which achieve the lowest risk portfolios when 

investing 50% domestically. Within division A and B of The Pension Fund for State Employees 

and the Pension Fund of Commerce, the highest return is equally often achieved in portfolio 1 

and 11. However, for The General Pension Fund, The Cumulative Fund for Pension Rights and 

Brú Pension Fund, the highest return is more often realized in portfolio 11 when assuming a 

fixed exchange rate. The highest Sharpe ratio for each fund when assuming a fixed exchange 
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rate is equally often achieved in portfolios 1 and 11 within The Pension Fund for State 

Employees division A and B, and The General Pension Fund. For all other pension funds 

analysed, the highest Sharpe ratio is most often achieved in portfolio 1, when assuming a fixed 

exchange rate. Both when assuming a floating and fixed exchange rate, the lowest volatility 

over the research period is always achieved in 2005, with high proportions invested in domestic 

assets. More detailed findings are listed below. The actual asset composition of all the pension 

funds as well as estimated returns, estimated volatilities and reported returns are shown in 

Tables B1-B6 in Appendix B. The returns and volatilities are estimated assuming that the 

pension funds invest the proportions stated in their annual reports, directly in the indexes. We 

show the estimated returns and volatilities both when assuming a floating exchange rate and 

assuming a fixed exchange rate. 

 

5.1.2 The Pension Fund for State Employees, division A. 

The returns and volatilities of each simulated portfolio for The Pension Fund for State 

Employees, division A, assuming a floating exchange rate are shown in Table 3, panel A. 

Investment levels in domestic and foreign assets are as defined in the Methodology section. 

Bolded numbers represent the highest return for each year while italic numbers represent the 

lowest volatility for each year. As expected, due to high fluctuations in the exchange rate 

between USD and ISK, the lowest volatility is always achieved in the left part (domestic 

investments higher than 50%) of Table 3, panel A. This indicates that the fund should invest 

heavily in domestic assets in order to keep low risk.  The lowest volatility over the period being 

researched was 3.4% in 2005, within simulated portfolio 2. The lowest volatility is most often 

achieved in portfolios 2, 3 and 4. The same pattern is not visible for the returns of the portfolios. 

Throughout the research period, the highest return is most often achieved in simulated portfolio 

11, the highest being 31.6% in 2006. Table 3, panel B, shows the Sharpe ratios for all simulated 

portfolios, assuming a floating exchange rate. Bolded numbers represent the highest Sharpe 

ratio, while the italic numbers represent the lowest Sharpe ratio. The Sharpe ratios range from 

2.19 to -1.04 both in portfolio 1. The highest and lowest Sharpe ratio is most often realized in 

simulated portfolio 1. In eight out of twelve years, the Sharpe ratio is highest when the 

proportion invested in domestic assets is 50% or higher.  

 

The returns and volatilities of the simulated portfolios assuming a fixed exchange rate are 

shown in Table 4, panel A. When assuming a fixed exchange rate, contrary to our expectations, 

the lowest volatility is most often achieved in portfolio 3, where 80% is invested in domestic 
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assets. This implies that even though the exchange rate is fixed, investing heavily in domestic 

assets will lead to the lowest risk portfolios. The lowest volatility over the period being 

researched was 3.3% in 2005, in simulated portfolio 3. The highest return is equally often 

achieved in simulated portfolios 1 and 11. The highest return over the period was 26.4% within 

portfolio 11 in 2009. Table 4, panel B, shows the Sharpe ratios for all simulated portfolios, 

assuming a fixed exchange rate. The Sharpe ratios range from 2.55 for portfolio 7 (40% 

invested in domestic assets and 60% in foreign assets) to -1.31 for portfolio 11. The highest 

Sharpe ratio is most often achieved in portfolios 1 and 11. Contrary to what we expected, in 

eight out of twelve years, the Sharpe ratio is highest when the proportion invested in domestic 

assets is 50% or higher. The lowest Sharpe ratio is most often in portfolio 11.  

Table 3: The Pension Fund for State Employees, division A, assuming floating exchange rate. 

 
 
 

 

 

 

 

 

 

 

 

Panel A: Returns and volatilities of the simulated portfolios, assuming a floating exchange rate. The Pension Fund for State Employess, division A. 

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 13.4% 5.6% 12.0% 5.3% 10.6% 5.4% 9.3% 5.9% 7.9% 6.6% 6.5% 7.5% 5.1% 8.5% 3.7% 9.7% 2.3% 10.8% 0.9% 12.1% -0.4% 13.3% 13.4% 5.3%

2005 10.2% 3.6% 10.2% 3.4% 10.1% 3.7% 10.0% 4.3% 10.0% 5.1% 9.9% 6.0% 9.9% 7.0% 9.8% 8.1% 9.7% 9.2% 9.7% 10.3% 9.6% 11.4% 10.2% 3.4%

2006 3.0% 6.3% 5.8% 5.5% 8.7% 5.3% 11.5% 5.7% 14.4% 6.6% 17.3% 7.9% 20.1% 9.3% 23.0% 10.8% 25.9% 12.5% 28.7% 14.1% 31.6% 15.8% 31.6% 5.3%

2008 5.0% 28.3% 6.5% 25.9% 7.9% 24.7% 9.3% 24.9% 10.7% 26.5% 12.2% 29.2% 13.6% 32.8% 15.0% 37.0% 16.4% 41.6% 17.9% 46.5% 19.3% 51.6% 19.3% 24.7%

2009 11.8% 10.8% 13.6% 9.7% 15.5% 9.1% 17.4% 9.2% 19.2% 9.9% 21.1% 11.1% 23.0% 12.7% 24.9% 14.6% 26.7% 16.6% 28.6% 18.7% 30.5% 20.9% 30.5% 9.1%

2010 13.9% 9.1% 12.3% 8.2% 10.8% 7.7% 9.3% 7.6% 7.8% 7.9% 6.3% 8.5% 4.8% 9.4% 3.3% 10.6% 1.7% 11.9% 0.2% 13.3% -1.3% 14.8% 13.9% 7.6%

2011 -11.5% 11.1% -10.5% 10.2% -9.5% 9.6% -8.6% 9.3% -7.6% 9.5% -6.6% 10.0% -5.6% 10.9% -4.7% 12.1% -3.7% 13.4% -2.7% 14.9% -1.7% 16.5% -1.7% 9.3%

2012 -0.1% 7.1% 1.6% 6.4% 3.4% 6.0% 5.2% 5.8% 7.0% 5.9% 8.8% 6.3% 10.6% 6.9% 12.4% 7.7% 14.2% 8.6% 16.0% 9.7% 17.7% 10.7% 17.7% 5.8%

2013 3.7% 4.6% 4.5% 4.3% 5.4% 4.4% 6.2% 4.8% 7.0% 5.4% 7.8% 6.3% 8.6% 7.2% 9.4% 8.3% 10.2% 9.4% 11.0% 10.5% 11.9% 11.7% 11.9% 4.3%

2014 10.3% 7.3% 10.6% 6.8% 11.0% 6.6% 11.4% 6.6% 11.7% 6.8% 12.1% 7.2% 12.5% 7.8% 12.8% 8.6% 13.2% 9.4% 13.6% 10.4% 13.9% 11.4% 13.9% 6.6%

2015 8.8% 6.4% 7.9% 6.0% 6.9% 6.1% 6.0% 6.8% 5.0% 7.8% 4.1% 9.2% 3.1% 10.7% 2.1% 12.4% 1.2% 14.1% 0.2% 15.8% -0.7% 17.6% 8.8% 6.0%

2016 2.6% 7.4% 1.7% 6.9% 0.7% 6.7% -0.2% 6.9% -1.2% 7.4% -2.1% 8.1% -3.1% 9.1% -4.0% 10.2% -5.0% 11.4% -5.9% 12.6% -6.9% 13.9% 2.6% 6.7%

Panel B: Sharpe ratios of the simulated portfolios, assuming a floating exchange rate. The Pension Fund for State Employess, division A. 

Year Max Min

2004 2.19 -0.12

2005 2.10 0.58

2006 1.69 -0.30

2008 0.37 0.12

2009 1.94 1.08

2010 1.51 -0.10

2011 -0.11 -1.04

2012 1.65 -0.03

2013 1.29 0.80

2014 1.72 1.22

2015 1.37 -0.04

2016 0.33 -0.51-0.48 -0.510.33 0.21 0.08 -0.06 -0.19 -0.29 -0.36 -0.41 -0.45

1.31 1.22

1.37 1.32 1.14 0.88 0.64 0.44 0.29 0.17 0.08 0.01 -0.04

1.41 1.55 1.66 1.72 1.72 1.67 1.59 1.49 1.40

1.64 1.65

0.80 1.05 1.22 1.29 1.28 1.24 1.19 1.14 1.09 1.05 1.01

-0.03 0.25 0.57 0.89 1.18 1.39 1.52 1.60 1.63

0.01 -0.10

-1.04 -1.04 -1.00 -0.93 -0.81 -0.66 -0.52 -0.39 -0.28 -0.19 -0.11

1.51 1.48 1.39 1.21 0.98 0.73 0.49 0.30 0.14

0.35 0.34

1.08 1.40 1.70 1.89 1.94 1.89 1.80 1.70 1.60 1.52 1.45

0.12 0.19 0.25 0.31 0.34 0.36 0.37 0.36 0.36

0.65 0.58

-0.30 0.18 0.73 1.18 1.45 1.59 1.65 1.68 1.69 1.69 1.69

2.02 2.10 1.94 1.66 1.38 1.16 0.98 0.84 0.74

10 11

Sharpe ratios

2.19 2.03 1.73 1.37 1.01 0.70 0.46 0.26 0.10 -0.02 -0.12

1 2 3 4 5 6 7 8 9

Portfolios

1 2 3 4 5 6 7 8 9 10 11
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Table 4: The Pension Fund for State Employees, division A, assuming fixed exchange rate. 

 

 

5.1.3 The Pension Fund for State Employees, division B.  

The returns and volatilities of each simulated portfolio for The Pension Fund for State 

Employees, division B, assuming a floating exchange rate are shown in Table 5, panel A. High 

fluctuations in the exchange rate, cause the lowest volatility to be achieved in the left part of 

Table 5, panel A. The lowest volatility over the period being researched was 3.5% in 2005, 

within simulated portfolio 2. The lowest volatility is most often achieved in portfolios 2, 3 and 

4. In seven years out of twelve, the highest return is in portfolio 11, the highest being 31.8% in 

2006. The Sharpe ratios for all simulated portfolios assuming a floating exchange rate are 

shown in panel B of Table 5. The Sharpe ratios range from 2.22 for portfolio 2 to -1.05 for 

portfolios 1 and 2. The highest Sharpe ratio is most often achieved in simulated portfolio 1. 

The lowest Sharpe ratio is equally often realized in portfolios 1 and 11. In nine out of twelve 

years, the Sharpe ratio is highest when the proportion invested in domestic assets is 50% or 

higher.  

 

 

 

 

 

 

 

Panel A: Returns and volatilities of the simulated portfolios, assuming a fixed exchange rate. The Pension Fund for State Employess, division A. 

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 13.4% 5.6% 13.3% 5.2% 13.2% 5.0% 13.2% 5.0% 13.1% 5.3% 13.0% 5.7% 12.9% 6.3% 12.8% 7.0% 12.7% 7.7% 12.7% 8.6% 12.6% 9.4% 13.4% 5.0%

2005 10.2% 3.6% 10.0% 3.3% 9.7% 3.3% 9.4% 3.5% 9.2% 3.8% 8.9% 4.2% 8.6% 4.8% 8.4% 5.4% 8.1% 6.1% 7.9% 6.8% 7.6% 7.5% 10.2% 3.3%

2006 3.0% 6.3% 4.3% 5.8% 5.7% 5.6% 7.1% 5.5% 8.5% 5.6% 9.9% 5.9% 11.3% 6.4% 12.7% 7.0% 14.1% 7.7% 15.5% 8.4% 16.9% 9.2% 16.9% 5.5%

2008 5.0% 28.3% 0.6% 25.6% -3.8% 23.4% -8.2% 21.7% -12.6% 20.9% -17.0% 20.8% -21.5% 21.7% -25.9% 23.2% -30.3% 25.4% -34.7% 28.1% -39.1% 31.1% 5.0% 20.8%

2009 11.8% 10.8% 13.2% 10.0% 14.7% 9.7% 16.2% 10.1% 17.6% 11.1% 19.1% 12.4% 20.6% 14.1% 22.0% 16.0% 23.5% 18.1% 25.0% 20.2% 26.4% 22.4% 26.4% 9.7%

2010 13.9% 9.1% 13.2% 8.3% 12.6% 7.9% 12.0% 7.9% 11.3% 8.4% 10.7% 9.2% 10.1% 10.3% 9.5% 11.6% 8.8% 13.0% 8.2% 14.6% 7.6% 16.2% 13.9% 7.9%

2011 -11.5% 11.1% -11.1% 10.3% -10.8% 10.0% -10.4% 10.2% -10.1% 10.9% -9.7% 12.1% -9.4% 13.5% -9.0% 15.2% -8.7% 17.0% -8.3% 18.9% -8.0% 20.9% -8.0% 10.0%

2012 -0.1% 7.1% 1.2% 6.5% 2.4% 6.1% 3.7% 6.1% 5.0% 6.5% 6.3% 7.1% 7.6% 8.0% 8.9% 9.0% 10.2% 10.1% 11.5% 11.3% 12.8% 12.5% 12.8% 6.1%

2013 3.7% 4.6% 5.8% 4.3% 7.8% 4.2% 9.8% 4.4% 11.9% 4.9% 13.9% 5.5% 15.9% 6.2% 18.0% 7.1% 20.0% 7.9% 22.1% 8.9% 24.1% 9.8% 24.1% 4.2%

2014 10.3% 7.3% 9.5% 6.8% 8.8% 6.4% 8.1% 6.2% 7.3% 6.2% 6.6% 6.3% 5.9% 6.6% 5.1% 7.0% 4.4% 7.6% 3.7% 8.2% 2.9% 9.0% 10.3% 6.2%

2015 8.8% 6.4% 7.7% 5.8% 6.5% 5.5% 5.4% 5.6% 4.2% 6.1% 3.1% 6.9% 1.9% 7.9% 0.7% 9.1% -0.4% 10.3% -1.6% 11.6% -2.7% 13.0% 8.8% 5.5%

2016 2.6% 7.4% 3.1% 6.8% 3.6% 6.5% 4.0% 6.5% 4.5% 6.8% 5.0% 7.4% 5.5% 8.2% 5.9% 9.2% 6.4% 10.2% 6.9% 11.4% 7.4% 12.6% 7.4% 6.5%

Panel B: Sharpe ratios of the simulated portfolios, assuming a fixed exchange rate. The Pension Fund for State Employess, division A. 

Year Max Min

2004 2.41 1.20

2005 2.08 0.62

2006 1.32 -0.30

2008 0.12 -1.31

2009 1.59 1.08

2010 1.58 0.46

2011 -0.38 -1.08

2012 1.02 -0.03

2013 2.55 0.80

2014 1.41 0.32

2015 1.37 -0.21

2016 0.64 0.330.33 0.42 0.52 0.59

-0.14 -0.21

0.89 0.73 0.58 0.44 0.32

0.63 0.64

0.44 0.24 0.08 -0.04

0.64 0.63 0.61 0.59 0.57

1.37 1.32 1.18 0.95 0.68

1.41 1.40 1.37 1.30 1.19

2.450.80 1.33 1.83 2.21 2.43

0.95 0.99 1.01 1.01 1.02

1.04

2.53 2.55 2.54 2.52 2.48

-0.03 0.17 0.39 0.60 0.77

-0.38

0.97 0.81 0.67 0.55 0.46

0.88

-0.81 -0.70 -0.60 -0.51 -0.44-1.04 -1.08 -1.08 -1.03 -0.93

1.51 1.58 1.58 1.50 1.34

1.17

-1.07 -1.18 -1.26 -1.29 -1.31

1.15

1.53 1.45 1.37 1.29 1.231.08 1.32 1.50 1.59 1.58

0.12 -0.04 -0.23 -0.45 -0.68

1.32

1.18 1.00 0.85 0.72 0.62

-0.89

0.87 1.02 1.14 1.22 1.28

2.02 2.08 2.03 1.86 1.63 1.40

-0.30 -0.08 0.17 0.43 0.66

10 11

2.19 2.33 2.41 2.38 2.26 2.07 1.87 1.49 1.34 1.201.67

Sharpe ratios

1 2 3 4 5 6 7 8 9

Portfolios

1 2 3 4 5 6 7 8 9 10 11
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Table 5: The Pension Fund for State Employees, division B, assuming floating exchange rate. 

 
 

The returns and volatilities of the simulated portfolios assuming a fixed exchange rate are 

shown in Table 6, panel A. When assuming a fixed exchange rate, the lowest volatility is most 

often achieved in portfolio 3. This suggest that investing heavily in domestic assets leads to 

low risk portfolios. The lowest volatility over the period being researched was 3.3% in 2005, 

in simulated portfolio 3. Highest return is equally often achieved in simulated portfolios 1 and 

11. The highest return over the period was 26.5% within portfolio 11 in 2009. Table 6, panel 

B, shows the Sharpe ratios for the simulated portfolios, assuming a fixed exchange rate. The 

Sharpe ratios range from 2.50, achieved in portfolio 8 (where 30% is invested in domestic 

assets and 70% invested in foreign assets), to -1.31 for portfolio 11. The highest Sharpe ratio 

is most often achieved in portfolios 1, 2 and 11. In eight out of twelve years, the Sharpe ratio 

is highest when the proportion invested in domestic assets is 50% or higher. The lowest Sharpe 

ratio is most often in portfolio 11.  

 

 

 

 

 

 

 

Panel A: Returns and volatilities of the simulated portfolios, assuming a floating exchange rate. The Pension Fund for State Employess, division B. 

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 12.0% 5.4% 10.8% 5.2% 9.5% 5.3% 8.3% 5.8% 7.0% 6.5% 5.8% 7.5% 4.5% 8.5% 3.3% 9.6% 2.0% 10.8% 0.8% 12.0% -0.5% 13.3% 12.0% 5.2%

2005 10.8% 3.6% 10.7% 3.5% 10.6% 3.7% 10.4% 4.3% 10.3% 5.1% 10.2% 6.0% 10.1% 7.0% 10.0% 8.1% 9.9% 9.2% 9.8% 10.3% 9.7% 11.4% 10.8% 3.5%

2006 2.8% 6.1% 5.7% 5.4% 8.6% 5.3% 11.5% 5.7% 14.4% 6.7% 17.3% 7.9% 20.2% 9.4% 23.1% 10.9% 26.0% 12.5% 28.9% 14.2% 31.8% 15.9% 31.8% 5.3%

2008 5.1% 28.3% 6.5% 25.9% 7.8% 24.8% 9.1% 25.0% 10.5% 26.6% 11.8% 29.3% 13.1% 32.9% 14.5% 37.1% 15.8% 41.7% 17.1% 46.6% 18.5% 51.7% 18.5% 24.8%

2009 11.6% 10.7% 13.5% 9.6% 15.4% 9.1% 17.3% 9.2% 19.2% 9.9% 21.1% 11.2% 23.0% 12.8% 24.9% 14.7% 26.8% 16.7% 28.7% 18.8% 30.6% 21.0% 30.6% 9.1%

2010 13.9% 9.0% 12.4% 8.2% 10.8% 7.7% 9.3% 7.6% 7.8% 7.8% 6.3% 8.5% 4.8% 9.4% 3.3% 10.6% 1.7% 11.9% 0.2% 13.3% -1.3% 14.8% 13.9% 7.6%

2011 -11.8% 11.3% -10.8% 10.4% -9.8% 9.7% -8.8% 9.4% -7.8% 9.6% -6.8% 10.1% -5.8% 11.0% -4.8% 12.1% -3.8% 13.5% -2.8% 15.0% -1.8% 16.6% -1.8% 9.4%

2012 -0.6% 7.2% 1.2% 6.5% 3.1% 6.1% 4.9% 5.9% 6.7% 5.9% 8.6% 6.3% 10.4% 6.9% 12.3% 7.7% 14.1% 8.7% 15.9% 9.7% 17.8% 10.8% 17.8% 5.9%

2013 2.7% 4.7% 3.6% 4.4% 4.6% 4.4% 5.5% 4.8% 6.4% 5.4% 7.3% 6.3% 8.2% 7.2% 9.1% 8.3% 10.0% 9.4% 10.9% 10.5% 11.9% 11.7% 11.9% 4.4%

2014 10.3% 7.5% 10.7% 7.0% 11.1% 6.8% 11.4% 6.7% 11.8% 6.9% 12.1% 7.3% 12.5% 7.9% 12.8% 8.6% 13.2% 9.5% 13.6% 10.4% 13.9% 11.4% 13.9% 6.7%

2015 6.7% 6.7% 6.0% 6.2% 5.2% 6.3% 4.5% 6.9% 3.7% 7.9% 3.0% 9.3% 2.2% 10.8% 1.5% 12.4% 0.8% 14.1% 0.0% 15.8% -0.7% 17.6% 6.7% 6.2%

2016 2.3% 7.4% 1.4% 6.9% 0.5% 6.8% -0.4% 7.0% -1.4% 7.5% -2.3% 8.2% -3.2% 9.1% -4.1% 10.2% -5.0% 11.4% -5.9% 12.6% -6.9% 13.9% 2.3% 6.8%

Panel B: Sharpe ratios of the simulated portfolios, assuming a floating exchange rate. The Pension Fund for State Employess, division B.

Year Max Min

2004 2.00 -0.13

2005 2.22 0.58

2006 1.70 -0.32

2008 0.35 0.13

2009 1.93 1.07

2010 1.52 -0.09

2011 -0.11 -1.05

2012 1.64 -0.09

2013 1.18 0.58

2014 1.70 1.22

2015 1.00 -0.04

2016 0.29 -0.51

1.65 1.58

-0.04

0.29 0.17 0.04 -0.09 -0.21

1.00 0.96 0.83 0.65

-0.46 -0.49 -0.51

0.21 0.12 0.05 0.00

-0.30 -0.37 -0.42

0.47 0.32

1.49 1.39 1.31 1.22

1.13 1.10 1.07 1.04 1.01

1.38 1.52 1.63 1.69 1.70

0.58 0.83 1.03 1.14 1.18

1.64

-0.53 -0.40 -0.29 -0.19 -0.11

1.16

1.35 1.49 1.58 1.62 1.64-0.09 0.18 0.50 0.83 1.13

-1.05 -1.05 -1.02 -0.94 -0.82

-0.09

1.79 1.69 1.60 1.52 1.45

-0.68

0.73 0.49 0.30 0.14 0.011.52 1.49 1.40 1.22 0.98

1.07 1.39 1.69 1.88 1.93

0.33

1.65 1.68 1.69 1.70 1.70

1.88

0.35 0.35 0.35 0.34 0.330.13 0.19 0.25 0.30 0.33

-0.32 0.17 0.73 1.18 1.45

0.58

0.39 0.22 0.08 -0.03 -0.13

1.58

1.20 1.01 0.87 0.75 0.66

0.62

2.16 2.22 2.05 1.74 1.45

96 7 8

0.891.221.561.842.00

10 11

Sharpe ratios

10 11

1 2 3 4 5

Portfolios

1 2 3 4 5 6 7 8 9
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Table 6: The Pension Fund for State Employees, division B, assuming fixed exchange rate. 

 
 

5.1.4 The Pension Fund of Commerce  

The returns and volatilities of the simulated portfolios for The Pension Fund of Commerce, 

assuming a floating exchange rate are shown in Table 7, panel A. The lowest volatility is 

achieved in the left part of Table 7, panel A. The lowest volatility over the period being 

researched was 4.0% in 2005, within simulated portfolio 2. The lowest volatility is most often 

achieved in portfolio 3. In seven years out of twelve the highest return is in portfolio 11, the 

highest being 32.5% in 2006. Table 7, panel B, shows the Sharpe ratios of the portfolios when 

assuming a floating exchange rate. The Sharpe ratios range from 3.55 to -1.00, both in 

portfolios 1 and 2. The highest Sharpe ratio is most often achieved in portfolio 1 and the lowest 

is most often realized in portfolio 11. In eight out of twelve years, the Sharpe ratio is highest 

when the proportion invested in domestic assets is 50% or higher.  

 

The returns and volatilities of the simulated portfolios assuming a fixed exchange rate, are 

shown in Table 8, panel A. When assuming a fixed exchange rate, the lowest volatility is most 

often achieved in portfolio 3, which is similar to the two funds previously analysed. The lowest 

volatility over the period being researched was 3.9% in 2005, in simulated portfolio 3. The 

highest return is equally often achieved in simulated portfolios 1 and 11. The highest return 

over the period was 26.4% within portfolio 11 in 2009. Table 8, panel B, shows the Sharpe 

ratios for the simulated portfolios, assuming a fixed exchange rate. The Sharpe ratios range 

from 3.55, in portfolios 1 and 2, to -1.32 in portfolio 11.  The highest Sharpe ratio is most often 

Panel A: Returns and volatilities of the simulated portfolios, assuming a fixed exchange rate. The Pension Fund for State Employess, division B. 

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 12.0% 5.4% 12.1% 5.1% 12.2% 4.9% 12.2% 4.9% 12.3% 5.2% 12.3% 5.6% 12.4% 6.2% 12.4% 6.9% 12.5% 7.7% 12.5% 8.5% 12.6% 9.4% 12.6% 4.9%

2005 10.8% 3.6% 10.5% 3.4% 10.1% 3.3% 9.8% 3.5% 9.5% 3.8% 9.2% 4.3% 8.9% 4.8% 8.6% 5.4% 8.3% 6.1% 8.0% 6.8% 7.6% 7.5% 10.8% 3.3%

2006 2.8% 6.1% 4.3% 5.7% 5.7% 5.5% 7.1% 5.5% 8.6% 5.6% 10.0% 6.0% 11.4% 6.5% 12.9% 7.1% 14.3% 7.8% 15.7% 8.6% 17.2% 9.4% 17.2% 5.5%

2008 5.1% 28.3% 0.7% 25.6% -3.8% 23.4% -8.3% 21.8% -12.7% 21.0% -17.2% 21.0% -21.7% 21.8% -26.2% 23.4% -30.6% 25.6% -35.1% 28.3% -39.6% 31.3% 5.1% 21.0%

2009 11.6% 10.7% 13.1% 9.9% 14.6% 9.7% 16.1% 10.1% 17.6% 11.1% 19.1% 12.5% 20.6% 14.2% 22.0% 16.1% 23.5% 18.2% 25.0% 20.3% 26.5% 22.5% 26.5% 9.7%

2010 13.9% 9.0% 13.2% 8.3% 12.6% 7.9% 12.0% 7.9% 11.4% 8.4% 10.7% 9.2% 10.1% 10.3% 9.5% 11.6% 8.8% 13.1% 8.2% 14.6% 7.6% 16.2% 13.9% 7.9%

2011 -11.8% 11.3% -11.4% 10.5% -11.0% 10.1% -10.7% 10.3% -10.3% 11.0% -9.9% 12.1% -9.5% 13.6% -9.2% 15.2% -8.8% 17.1% -8.4% 19.0% -8.0% 21.0% -8.0% 10.1%

2012 -0.6% 7.2% 0.7% 6.6% 2.1% 6.2% 3.4% 6.2% 4.8% 6.5% 6.1% 7.2% 7.5% 8.0% 8.8% 9.0% 10.1% 10.1% 11.5% 11.3% 12.8% 12.6% 12.8% 6.2%

2013 2.7% 4.7% 4.9% 4.4% 7.0% 4.3% 9.1% 4.5% 11.3% 4.9% 13.4% 5.5% 15.5% 6.2% 17.7% 7.1% 19.8% 7.9% 22.0% 8.9% 24.1% 9.8% 24.1% 4.3%

2014 10.3% 7.5% 9.6% 7.0% 8.9% 6.6% 8.1% 6.3% 7.4% 6.3% 6.6% 6.4% 5.9% 6.6% 5.1% 7.1% 4.4% 7.6% 3.7% 8.3% 2.9% 9.0% 10.3% 6.3%

2015 6.7% 6.7% 5.8% 6.0% 4.8% 5.7% 3.9% 5.7% 2.9% 6.2% 2.0% 6.9% 1.0% 7.9% 0.1% 9.1% -0.8% 10.3% -1.8% 11.6% -2.7% 13.0% 6.7% 5.7%

2016 2.3% 7.4% 2.8% 6.8% 3.3% 6.6% 3.8% 6.6% 4.3% 6.9% 4.8% 7.5% 5.4% 8.3% 5.9% 9.2% 6.4% 10.3% 6.9% 11.4% 7.4% 12.6% 7.4% 6.6%

Panel B: Sharpe ratios of the simulated portfolios, assuming a fixed exchange rate. The Pension Fund for State Employess, division B.

Year Max Min

2004 2.24 1.21

2005 2.21 0.62

2006 1.32 -0.32

2008 0.13 -1.31

2009 1.58 1.07

2010 1.59 0.46

2011 -0.38 -1.09

2012 1.01 -0.09

2013 2.50 0.58

2014 1.38 0.32

2015 1.00 -0.21

2016 0.62 0.290.59 0.57

1.972.132.232.242.152.00

0.29 0.38 0.48 0.55 0.60 0.62 0.62 0.61 0.60

0.44 0.32

1.00 0.96 0.85 0.67 0.47 0.28 0.13 0.01 -0.08 -0.16 -0.21

1.38 1.38 1.34 1.28 1.17 1.04 0.88 0.73 0.58

1.01 1.01

0.58 1.11 1.63 2.04 2.30 2.44 2.49 2.50 2.49 2.47 2.45

-0.09 0.10 0.32 0.54 0.72 0.85 0.93 0.97 1.00

0.55 0.46

-1.05 -1.09 -1.09 -1.04 -0.94 -0.82 -0.71 -0.60 -0.52 -0.44 -0.38

1.52 1.59 1.59 1.50 1.34 1.15 0.97 0.80 0.67

-1.30 -1.31

1.07 1.31 1.49 1.58 1.57 1.52 1.44 1.36 1.29 1.23 1.17

0.13 -0.04 -0.23 -0.45 -0.68 -0.90 -1.07 -1.19 -1.26

0.73 0.62

-0.32 -0.09 0.16 0.43 0.67 0.87 1.03 1.14 1.22 1.28 1.32

2.16 2.21 2.15 1.96 1.71 1.46 1.23 1.03 0.87

Sharpe ratios

10 11

1 2 3 4

1.79 1.62 1.46 1.33 1.21

6 7 8 9

5 6 7 8

Portfolios

1 2 3 4 5

9 10 11
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achieved in portfolio 1. In eight out of the twelve years, the Sharpe ratio is highest when the 

proportion invested in domestic assets is 50% or higher. The lowest Sharpe ratio is most often 

in portfolio 11.  

 

Table 7: The Pension Fund of Commerce, assuming floating exchange rate. 

 

Table 8: The Pension Fund of Commerce, assuming fixed exchange rate. 

 

 

 

 

Panel A: Returns and volatilities of the simulated portfolios, assuming a floating exchange rate. The Pension Fund of Commerce. 

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 13.3% 5.6% 11.9% 5.3% 10.7% 5.5% 9.3% 5.9% 7.9% 6.7% 6.6% 7.6% 5.2% 8.7% 3.8% 9.8% 2.4% 11.1% 1.1% 12.3% -0.3% 13.6% 13.3% 5.3%

2005 18.2% 4.3% 17.3% 4.0% 16.6% 4.2% 15.8% 4.7% 15.0% 5.4% 14.3% 6.3% 13.5% 7.3% 12.7% 8.3% 11.9% 9.4% 11.1% 10.6% 10.3% 11.7% 18.2% 4.0%

2006 4.5% 7.9% 7.2% 6.9% 10.1% 6.4% 12.9% 6.4% 15.7% 7.0% 18.5% 8.0% 21.3% 9.4% 24.1% 10.9% 26.9% 12.6% 29.7% 14.3% 32.5% 16.1% 32.5% 6.4%

2008 4.5% 28.1% 6.0% 25.7% 7.4% 24.8% 8.6% 25.0% 9.7% 26.7% 10.9% 29.4% 12.0% 33.1% 13.2% 37.3% 14.4% 42.0% 15.5% 46.9% 16.7% 52.1% 16.7% 24.8%

2009 11.5% 10.7% 13.4% 9.6% 15.5% 9.1% 17.3% 9.2% 19.2% 9.9% 21.1% 11.1% 22.9% 12.7% 24.8% 14.6% 26.7% 16.6% 28.5% 18.7% 30.4% 20.9% 30.4% 9.1%

2010 13.9% 8.8% 12.4% 8.0% 10.9% 7.5% 9.3% 7.4% 7.8% 7.7% 6.3% 8.4% 4.8% 9.4% 3.3% 10.5% 1.7% 11.8% 0.2% 13.2% -1.3% 14.7% 13.9% 7.4%

2011 -10.6% 10.6% -9.7% 9.7% -8.8% 9.2% -7.8% 9.0% -6.9% 9.2% -6.0% 9.8% -5.1% 10.7% -4.2% 11.8% -3.3% 13.2% -2.4% 14.6% -1.5% 16.2% -1.5% 9.0%

2012 1.4% 6.6% 3.0% 6.0% 4.6% 5.7% 6.2% 5.5% 7.8% 5.7% 9.4% 6.1% 11.0% 6.8% 12.6% 7.5% 14.2% 8.4% 15.9% 9.4% 17.5% 10.4% 17.5% 5.5%

2013 5.6% 4.6% 6.1% 4.3% 6.7% 4.4% 7.2% 4.8% 7.8% 5.4% 8.3% 6.2% 8.8% 7.1% 9.4% 8.1% 9.9% 9.2% 10.4% 10.3% 11.0% 11.4% 11.0% 4.3%

2014 10.1% 7.0% 10.5% 6.5% 10.9% 6.3% 11.3% 6.3% 11.6% 6.5% 12.0% 7.0% 12.4% 7.6% 12.8% 8.3% 13.1% 9.1% 13.5% 10.1% 13.9% 11.0% 13.9% 6.3%

2015 12.2% 6.2% 10.9% 5.7% 9.6% 5.9% 8.3% 6.6% 7.0% 7.7% 5.7% 9.0% 4.4% 10.6% 3.1% 12.2% 1.8% 13.9% 0.5% 15.6% -0.8% 17.3% 12.2% 5.7%

2016 1.0% 7.7% 0.2% 7.3% -0.6% 7.1% -1.4% 7.2% -2.2% 7.7% -3.0% 8.3% -3.8% 9.1% -4.6% 10.1% -5.4% 11.2% -6.2% 12.4% -7.0% 13.6% 1.0% 7.1%

Panel B: Sharpe ratios of the simulated portfolios, assuming a floating exchange rate. The Pension Fund of Commerce

Year Max Min

2004 2.17 -0.11

2005 3.55 0.63

2006 1.76 -0.03

2008 0.32 0.10

2009 1.94 1.07

2010 1.56 -0.10

2011 -0.09 -1.00

2012 1.68 0.20

2013 1.52 0.96

2014 1.78 1.26

2015 1.96 -0.04

2016 0.10 -0.53

0.77

1.73

1.45

1.71

0.63

1.68

0.01

-0.17

1.26

0.96

1.67

-0.09

-0.10

0.29

1.76 1.75

0.73 0.50 0.30 0.14

-0.04

-0.53

0.03

-0.52

1.34

1.01

1.52

0.30

-0.01 -0.11

1.43

-0.39 -0.44 -0.47 -0.50

0.42 0.25 0.13

1.67 1.68

-0.36 -0.25

1.53

1.70 1.60

1.24 1.15 1.07

0.32 0.32 0.31 0.30

0.63

1.33

-0.62

1.89

1.70

1.53 1.62

-0.48

1.72 1.63

1.80

1.76

0.10 0.00 -0.11 -0.22 -0.31

1.96 1.89 1.62 1.26 0.91

1.45 1.61 1.72 1.78 1.78

1.21 1.41 1.52 1.51 1.44

0.20 0.49 0.80 1.11 1.36

-1.00 -1.00 -0.96 -0.88 -0.76

1.56 1.53 1.42 1.24 0.99

1.07 1.39 1.70 1.88 1.94

0.10 0.17 0.23 0.28 0.30

-0.03 0.35 0.84 1.27 1.56

3.55 3.55 3.24 2.75 2.23

96 7 8

1.79 1.44 1.17 0.95

0.46 0.26 0.111.732.022.17 0.701.011.36

10 11

Sharpe ratios

10 11

1 2 3 4 5

Portfolios

1 2 3 4 5 6 7 8 9

Panel A: Returns and volatilities of the simulated portfolios, assuming a fixed exchange rate. The Pension Fund of Commerce. 

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 13.3% 5.6% 13.2% 5.2% 13.3% 5.0% 13.2% 5.1% 13.1% 5.3% 13.0% 5.8% 13.0% 6.4% 12.9% 7.1% 12.8% 7.9% 12.7% 8.8% 12.7% 9.7% 13.3% 5.0%

2005 18.2% 4.3% 17.1% 4.0% 16.2% 3.9% 15.2% 4.0% 14.2% 4.2% 13.2% 4.6% 12.3% 5.1% 11.3% 5.7% 10.3% 6.4% 9.3% 7.1% 8.3% 7.8% 18.2% 3.9%

2006 4.5% 7.9% 5.8% 7.3% 7.2% 6.9% 8.5% 6.6% 9.8% 6.6% 11.1% 6.7% 12.4% 7.1% 13.8% 7.6% 15.1% 8.2% 16.4% 9.0% 17.7% 9.8% 17.7% 6.6%

2008 4.5% 28.1% 0.1% 25.4% -4.0% 23.4% -8.6% 21.9% -13.2% 21.1% -17.7% 21.2% -22.3% 22.1% -26.8% 23.8% -31.4% 26.1% -36.0% 28.8% -40.5% 31.9% 4.5% 21.1%

2009 11.5% 10.7% 13.0% 9.9% 14.7% 9.7% 16.1% 10.1% 17.6% 11.0% 19.1% 12.4% 20.5% 14.1% 22.0% 16.0% 23.4% 18.0% 24.9% 20.2% 26.4% 22.4% 26.4% 9.7%

2010 13.9% 8.8% 13.3% 8.1% 12.6% 7.7% 12.0% 7.8% 11.4% 8.3% 10.7% 9.1% 10.1% 10.2% 9.5% 11.5% 8.8% 13.0% 8.2% 14.5% 7.6% 16.1% 13.9% 7.7%

2011 -10.6% 10.6% -10.3% 9.9% -10.0% 9.6% -9.7% 9.9% -9.4% 10.7% -9.1% 11.8% -8.9% 13.3% -8.6% 14.9% -8.3% 16.7% -8.0% 18.6% -7.7% 20.6% -7.7% 9.6%

2012 1.4% 6.6% 2.5% 6.1% 3.6% 5.8% 4.7% 5.9% 5.8% 6.3% 6.9% 6.9% 8.1% 7.8% 9.2% 8.8% 10.3% 9.8% 11.4% 11.0% 12.5% 12.2% 12.5% 5.8%

2013 5.6% 4.6% 7.3% 4.3% 9.1% 4.2% 10.9% 4.4% 12.6% 4.8% 14.4% 5.4% 16.1% 6.1% 17.9% 6.9% 19.6% 7.7% 21.4% 8.6% 23.1% 9.5% 23.1% 4.2%

2014 10.1% 7.0% 9.4% 6.5% 8.7% 6.1% 8.0% 5.9% 7.2% 5.9% 6.5% 6.0% 5.8% 6.3% 5.1% 6.7% 4.3% 7.3% 3.6% 7.9% 2.9% 8.6% 10.1% 5.9%

2015 12.2% 6.2% 10.7% 5.6% 9.2% 5.4% 7.7% 5.5% 6.2% 6.0% 4.7% 6.8% 3.2% 7.8% 1.7% 8.9% 0.2% 10.1% -1.3% 11.4% -2.7% 12.7% 12.2% 5.4%

2016 1.0% 7.7% 1.6% 7.2% 2.2% 6.9% 2.9% 6.9% 3.5% 7.2% 4.1% 7.6% 4.7% 8.3% 5.3% 9.1% 6.0% 10.1% 6.6% 11.1% 7.2% 12.2% 7.2% 6.9%

Panel B: Sharpe ratios of the simulated portfolios, assuming a fixed exchange rate. The Pension Fund of Commerce

Year Max Min

2004 2.40 1.18

2005 3.55 0.68

2006 1.32 -0.03

2008 0.10 -1.32

2009 1.59 1.07

2010 1.62 0.46

2011 -0.38 -1.05

2012 1.04 0.20

2013 2.67 1.21

2014 1.45 0.33

2015 1.96 -0.22

2016 0.58 0.100.58 0.58

2.042.232.362.402.332.17

0.10 0.19 0.29 0.38 0.46 0.51 0.54 0.56 0.57

0.45 0.33

1.96 1.90 1.71 1.39 1.03 0.69 0.41 0.19 0.02 -0.11 -0.22

1.45 1.45 1.41 1.34 1.23 1.08 0.91 0.75 0.59

1.03 1.02

1.21 1.70 2.15 2.46 2.62 2.67 2.65 2.60 2.54 2.48 2.43

0.20 0.40 0.61 0.79 0.92 1.00 1.03 1.04 1.04

0.56 0.46

-1.00 -1.05 -1.04 -0.98 -0.89 -0.78 -0.67 -0.58 -0.50 -0.43 -0.38

1.56 1.62 1.62 1.52 1.36 1.16 0.98 0.81 0.67

-1.30 -1.32

1.07 1.31 1.50 1.59 1.58 1.53 1.45 1.37 1.30 1.23 1.17

0.10 -0.06 -0.24 -0.47 -0.70 -0.91 -1.08 -1.20 -1.26

0.89 0.68

-0.03 0.13 0.34 0.56 0.76 0.94 1.08 1.18 1.25 1.29 1.32

3.55 3.55 3.41 3.09 2.67 2.22 1.81 1.44 1.14

Sharpe ratios

10 11

1 2 3 4

1.83 1.64 1.46 1.31 1.18

6 7 8 9

5 6 7 8

Portfolios

1 2 3 4 5

9 10 11
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5.1.5 The General Pension Fund 

The returns and volatilities of the simulated portfolios for The General Pension Fund, assuming 

a floating exchange rate are shown in Table 9, panel A. The lowest volatility is achieved in the 

left part of Table 9, panel A, with the lowest volatility over the period being 3.6% in 2005, 

within simulated portfolio 2. The lowest volatility is most often achieved in portfolio 3. In 

seven years out of twelve the highest return is in portfolio 11, the highest being 33.7% in 2008. 

Table 9, panel B, shows the Sharpe ratios of the portfolios when assuming a floating exchange 

rate.  The Sharpe ratios range from 2.54 to -1.05 in portfolios 2 and 1, respectively. The highest 

Sharpe ratio is most often achieved in portfolio 1 and the lowest equally often in portfolios 1 

and 11. In eight out of twelve years, the Sharpe ratio is highest when the proportion invested 

in domestic assets is 50% or higher.  

 

Table 9: The General Pension Fund, assuming floating exchange rate. 

 
 

The returns and volatilities of the simulated portfolios assuming a fixed exchange are shown 

in Table 10, panel A. When assuming a fixed exchange rate, the lowest volatility is most often 

achieved in portfolio 4. The lowest volatility over the period being researched was 3.4% in 

2005, within simulated portfolio 3. The highest return is most often achieved in simulated 

portfolio 11. The highest return over the period was 22.6% within portfolio 11 in 2009. The 

Sharpe ratios for the portfolios assuming a fixed exchange rate are shown in Table 10, panel 

B. The Sharpe ratios range from 2.53 to -1.26 in portfolios 2 and 11, respectively.  The highest 

Sharpe ratio is most often achieved in portfolios 1 and 11. In eight out of twelve years, the 

Panel A: Returns and volatilities of the simulated portfolios, assuming a floating exchange rate. The General Pension Fund. 

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 8.3% 5.1% 7.4% 5.0% 6.5% 5.2% 5.7% 5.7% 4.8% 6.5% 3.9% 7.4% 3.0% 8.5% 2.2% 9.6% 1.3% 10.8% 0.4% 12.0% -0.5% 13.3% 8.3% 5.0%

2005 12.3% 3.7% 12.0% 3.6% 11.7% 3.8% 11.5% 4.3% 11.2% 5.1% 10.9% 6.0% 10.6% 7.0% 10.4% 8.1% 10.1% 9.2% 9.8% 10.3% 9.5% 11.4% 12.3% 3.6%

2006 3.1% 6.4% 6.0% 5.7% 8.7% 5.3% 11.6% 5.7% 14.5% 6.6% 17.3% 7.9% 20.2% 9.3% 23.1% 10.9% 25.9% 12.5% 28.8% 14.2% 31.7% 15.9% 31.7% 5.3%

2008 4.0% 28.0% 7.0% 25.6% 9.9% 24.3% 12.9% 24.3% 15.9% 25.6% 18.8% 28.0% 21.8% 31.3% 24.8% 35.2% 27.7% 39.6% 30.7% 44.2% 33.7% 49.1% 33.7% 24.3%

2009 11.8% 10.8% 13.3% 9.6% 14.8% 8.8% 16.2% 8.6% 17.7% 8.9% 19.2% 9.8% 20.7% 11.0% 22.1% 12.6% 23.6% 14.3% 25.1% 16.1% 26.6% 18.1% 26.6% 8.6%

2010 13.8% 9.2% 12.3% 8.3% 10.8% 7.7% 9.3% 7.5% 7.7% 7.6% 6.2% 8.1% 4.7% 8.9% 3.1% 10.0% 1.6% 11.2% 0.1% 12.5% -1.5% 13.9% 13.8% 7.5%

2011 -12.0% 11.5% -10.8% 10.4% -9.6% 9.6% -8.3% 9.1% -7.1% 8.9% -5.9% 9.1% -4.6% 9.7% -3.4% 10.5% -2.2% 11.6% -1.0% 12.8% 0.3% 14.1% 0.3% 8.9%

2012 -1.0% 7.4% 0.8% 6.7% 2.6% 6.1% 4.4% 5.8% 6.2% 5.7% 8.0% 6.0% 9.8% 6.4% 11.6% 7.1% 13.3% 7.9% 15.1% 8.9% 16.9% 9.9% 16.9% 5.7%

2013 1.8% 4.8% 2.6% 4.4% 3.3% 4.4% 4.1% 4.6% 4.9% 5.2% 5.6% 5.9% 6.4% 6.8% 7.1% 7.8% 7.9% 8.8% 8.6% 9.8% 9.4% 10.9% 9.4% 4.4%

2014 10.4% 7.8% 10.8% 7.3% 11.1% 6.9% 11.4% 6.7% 11.8% 6.8% 12.1% 7.0% 12.4% 7.5% 12.8% 8.1% 13.1% 8.8% 13.4% 9.6% 13.8% 10.5% 13.8% 6.7%

2015 6.0% 6.8% 5.3% 6.3% 4.6% 6.3% 4.0% 6.8% 3.3% 7.8% 2.6% 9.0% 1.9% 10.4% 1.2% 12.0% 0.6% 13.6% -0.1% 15.2% -0.8% 16.9% 6.0% 6.3%

2016 2.7% 7.4% 1.7% 6.9% 0.7% 6.7% -0.2% 6.8% -1.2% 7.3% -2.2% 8.0% -3.1% 8.9% -4.1% 10.0% -5.0% 11.1% -6.0% 12.4% -7.0% 13.7% 2.7% 6.7%

Panel B: Sharpe ratios of the simulated portfolios, assuming a floating exchange rate. The General Pension Fund.

Year Max Min

2004 1.38 -0.12

2005 2.54 0.58

2006 1.70 -0.26

2008 0.66 0.09

2009 1.97 1.08

2010 1.50 -0.11

2011 0.02 -1.05

2012 1.71 -0.14

2013 0.95 0.38

2014 1.73 1.32

2015 0.87 -0.05

2016 0.33 -0.52-0.50 -0.52

0.370.560.781.031.251.38

0.33 0.22 0.08 -0.06 -0.19 -0.29 -0.37 -0.43 -0.47

1.40 1.32

0.87 0.84 0.73 0.58 0.42 0.29 0.18 0.10 0.04 -0.01 -0.05

1.34 1.48 1.61 1.70 1.73 1.72 1.66 1.58 1.49

1.70 1.71

0.38 0.58 0.76 0.88 0.94 0.95 0.94 0.92 0.90 0.88 0.86

-0.14 0.11 0.42 0.75 1.07 1.33 1.51 1.62 1.68

0.00 -0.11

-1.05 -1.04 -1.00 -0.92 -0.80 -0.65 -0.48 -0.33 -0.19 -0.08 0.02

1.50 1.47 1.38 1.22 1.00 0.75 0.51 0.30 0.13

0.66 0.65

1.08 1.37 1.66 1.88 1.97 1.95 1.86 1.75 1.64 1.55 1.46

0.09 0.21 0.34 0.47 0.56 0.62 0.65 0.66 0.66

0.67 0.58

-0.26 0.22 0.74 1.19 1.46 1.59 1.66 1.68 1.69 1.70 1.69

2.50 2.54 2.32 1.96 1.61 1.32 1.09 0.92 0.78

Sharpe ratios

10 11

1 2 3 4

0.22 0.10 0.01 -0.07 -0.12

6 7 8 9

5 6 7 8

Portfolios

1 2 3 4 5

9 10 11
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Sharpe ratio is highest when the proportion invested in domestic assets is 50% or higher. The 

lowest Sharpe ratio is most often in portfolio 11.  

 

Table 10: The General Pension Fund, assuming fixed exchange rate. 

 

 

5.1.6 The Cumulative Fund for Pension Rights 

The returns and volatilities of the simulated portfolios for The Cumulative Fund for Pension 

Rights, assuming a floating exchange rate are shown in Table 11, panel A. The lowest volatility 

over the period being researched was 3.6% in 2005, within simulated portfolio 2, which most 

often achieves the lowest volatility. The highest return is achieved seven times in portfolio 11, 

the highest over the period being 32.1% in 2006. Table 11, panel B, shows the Sharpe ratios of 

the portfolios when assuming a floating exchange rate.  The Sharpe ratios range from 2.59 to -

1.04, both in portfolio 2. The highest Sharpe ratio is most often achieved in portfolio 1 and the 

lowest in portfolio 11. In eight out of twelve years, the Sharpe ratio is highest when the 

proportion invested in domestic assets is 50% or higher.  

 

 

 

 

 

 

Panel A: Returns and volatilities of the simulated portfolios, assuming a fixed exchange rate. The General Pension Fund. 

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 8.3% 5.1% 8.7% 4.8% 9.1% 4.7% 9.6% 4.7% 10.0% 5.1% 10.4% 5.5% 10.9% 6.2% 11.3% 6.9% 11.7% 7.7% 12.1% 8.5% 12.6% 9.4% 12.6% 4.7%

2005 12.3% 3.7% 11.8% 3.5% 11.3% 3.4% 10.9% 3.5% 10.4% 3.8% 9.9% 4.3% 9.4% 4.8% 9.0% 5.4% 8.5% 6.1% 8.0% 6.7% 7.5% 7.5% 12.3% 3.4%

2006 3.1% 6.4% 4.6% 6.0% 5.8% 5.6% 7.2% 5.6% 8.6% 5.7% 10.0% 6.0% 11.4% 6.4% 12.8% 7.0% 14.2% 7.7% 15.6% 8.5% 17.0% 9.3% 17.0% 5.6%

2008 4.0% 28.0% 0.4% 25.3% -3.1% 22.9% -6.6% 20.9% -10.2% 19.6% -13.8% 19.0% -17.3% 19.1% -20.9% 20.0% -24.4% 21.6% -28.0% 23.8% -31.5% 26.3% 4.0% 19.0%

2009 11.8% 10.8% 12.9% 9.9% 14.0% 9.4% 15.1% 9.4% 16.1% 9.9% 17.2% 10.7% 18.3% 12.0% 19.4% 13.4% 20.5% 15.0% 21.5% 16.8% 22.6% 18.6% 22.6% 9.4%

2010 13.8% 9.2% 13.2% 8.3% 12.6% 7.8% 11.9% 7.7% 11.3% 8.0% 10.6% 8.7% 10.0% 9.6% 9.3% 10.8% 8.7% 12.1% 8.0% 13.5% 7.4% 15.0% 13.8% 7.7%

2011 -12.0% 11.5% -11.4% 10.5% -10.8% 10.0% -10.2% 9.9% -9.6% 10.2% -9.0% 11.0% -8.5% 12.1% -7.9% 13.4% -7.3% 15.0% -6.7% 16.6% -6.1% 18.4% -6.1% 9.9%

2012 -1.0% 7.4% 0.3% 6.7% 1.6% 6.3% 2.9% 6.1% 4.2% 6.3% 5.5% 6.7% 6.8% 7.4% 8.1% 8.3% 9.4% 9.3% 10.7% 10.3% 12.0% 11.5% 12.0% 6.1%

2013 1.8% 4.8% 3.8% 4.4% 5.7% 4.3% 7.7% 4.3% 9.7% 4.6% 11.6% 5.1% 13.6% 5.7% 15.5% 6.5% 17.5% 7.3% 19.5% 8.1% 21.4% 9.0% 21.4% 4.3%

2014 10.4% 7.8% 9.7% 7.2% 8.9% 6.7% 8.1% 6.3% 7.4% 6.1% 6.6% 6.1% 5.8% 6.2% 5.1% 6.5% 4.3% 6.9% 3.6% 7.4% 2.8% 8.0% 10.4% 6.1%

2015 6.0% 6.8% 5.1% 6.1% 4.3% 5.7% 3.4% 5.7% 2.5% 6.0% 1.6% 6.6% 0.8% 7.5% -0.1% 8.5% -1.0% 9.6% -1.9% 10.9% -2.7% 12.1% 6.0% 5.7%

2016 2.7% 7.4% 3.1% 6.8% 3.6% 6.5% 4.0% 6.5% 4.5% 6.7% 5.0% 7.3% 5.4% 8.0% 5.9% 9.0% 6.3% 10.0% 6.8% 11.1% 7.3% 12.3% 7.3% 6.5%

Panel B: Sharpe ratios of the simulated portfolios, assuming a fixed exchange rate. The General Pension Fund.

Year Max Min

2004 1.76 1.21

2005 2.53 0.61

2006 1.32 -0.26

2008 0.09 -1.26

2009 1.63 1.08

2010 1.59 0.48

2011 -0.33 -1.09

2012 1.04 -0.14

2013 2.41 0.38

2014 1.34 0.35

2015 0.87 -0.23

2016 0.65 0.33

2.27

-0.83

1.59

0.10 -0.23

0.33 0.43 0.52 0.59 0.64

0.87

0.65 0.65 0.63 0.61 0.59 0.57

0.240.83 0.74 0.60 0.42

1.08 0.94

-0.02 -0.10 -0.17

0.78 0.62 0.48 0.35

2.36 2.40 2.41 2.40 2.39

1.34 1.34 1.33 1.28 1.20

0.38 0.85 1.34 1.77 2.08

-0.70 -0.59 -0.49 -0.40 -0.33

-0.14 0.04 0.25 0.47 0.66 0.81 0.91 0.98 1.01 1.03 1.04

-1.05 -1.09 -1.09 -1.04 -0.94

-1.26

1.39

1.08 1.29 1.48 1.59 1.63

1.02 0.85 0.71 0.59 0.48

1.52 1.44 1.36 1.28 1.21

0.09

1.28

2.53 2.45 2.22 1.93

1.211.50 1.57 1.59 1.53

-1.24

0.740.911.101.342.50

-0.05 -0.21 -0.39 -0.60 -0.81 -0.99 -1.12 -1.20

1.62

1.57 1.46 1.37

10

1.21

-0.26 -0.04 0.18 0.44 0.67 0.87 1.03 1.14 1.22 1.28 1.32

1.671.741.761.701.571.38

0.61

11

Sharpe ratios

10 11

1 2 3 4 5 96 7 8

Portfolios

1 2 3 4 5 6 7 8 9
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Table 11: The Cumulative Fund for Pension Rights, assuming floating exchange rate. 

 
 

The returns and volatilities of the simulated portfolios assuming a fixed exchange rate are 

shown in Table 12, panel A. When assuming a fixed exchange rate, the lowest volatility is most 

often achieved in portfolio 3. The lowest volatility over the period being researched was 3.5% 

in 2005, in simulated portfolio 2. Highest return is most often achieved in simulated portfolio 

11. The highest return over the period was 26.2% within portfolio 11 in 2009. The Sharpe ratios 

of the portfolios assuming a fixed exchange rate are shown in Table 12, panel B. The Sharpe 

ratios range from 2.72 to -1.32 in portfolios 2 and 11, respectively. The highest Sharpe ratio is 

equally often achieved in portfolios 1 and 3. In seven out of twelve years, the Sharpe ratio is 

highest when the proportion invested in domestic assets is 50% or higher. The lowest Sharpe 

ratio is most often in portfolio 11.  

 

 

 

 

 

 

 

 

 

 

Panel A: Returns and volatilities of the simulated portfolios, assuming a floating exchange rate. The Cumulative Fund for Pension Rights.

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 10.6% 5.3% 9.5% 5.1% 8.7% 5.3% 7.6% 5.8% 6.5% 6.6% 5.3% 7.6% 4.2% 8.7% 3.1% 9.8% 1.9% 11.1% 0.8% 12.3% -0.3% 13.6% 10.6% 5.1%

2005 12.5% 3.7% 12.2% 3.6% 13.0% 3.9% 12.6% 4.4% 12.2% 5.2% 11.8% 6.1% 11.4% 7.1% 11.0% 8.1% 10.6% 9.2% 10.2% 10.3% 9.8% 11.5% 13.0% 3.6%

2006 2.2% 5.6% 5.2% 5.1% 8.4% 5.1% 11.3% 5.7% 14.3% 6.7% 17.3% 8.0% 20.2% 9.5% 23.2% 11.0% 26.2% 12.6% 29.1% 14.3% 32.1% 16.0% 32.1% 5.1%

2008 3.3% 27.8% 5.0% 25.4% 6.7% 24.5% 8.1% 24.8% 9.5% 26.4% 10.9% 29.2% 12.3% 32.8% 13.7% 37.1% 15.1% 41.7% 16.5% 46.7% 17.9% 51.8% 17.9% 24.5%

2009 11.6% 10.7% 13.5% 9.6% 15.2% 9.0% 17.1% 9.1% 18.9% 9.8% 20.8% 11.0% 22.7% 12.6% 24.6% 14.5% 26.5% 16.5% 28.4% 18.6% 30.2% 20.8% 30.2% 9.0%

2010 13.9% 8.9% 12.4% 8.1% 10.9% 7.6% 9.4% 7.5% 7.8% 7.8% 6.3% 8.5% 4.8% 9.5% 3.3% 10.7% 1.8% 12.0% 0.3% 13.5% -1.3% 15.0% 13.9% 7.5%

2011 -11.4% 11.1% -10.5% 10.2% -9.6% 9.6% -8.6% 9.3% -7.7% 9.5% -6.7% 10.1% -5.8% 11.1% -4.8% 12.3% -3.9% 13.6% -2.9% 15.2% -2.0% 16.8% -2.0% 9.3%

2012 0.3% 6.9% 2.1% 6.3% 4.0% 5.8% 5.7% 5.7% 7.5% 5.9% 9.2% 6.3% 10.9% 6.9% 12.6% 7.8% 14.3% 8.7% 16.1% 9.7% 17.8% 10.8% 17.8% 5.7%

2013 3.5% 4.6% 4.3% 4.3% 5.2% 4.4% 6.0% 4.8% 6.8% 5.4% 7.7% 6.3% 8.5% 7.2% 9.3% 8.3% 10.2% 9.4% 11.0% 10.5% 11.9% 11.7% 11.9% 4.3%

2014 10.3% 7.4% 10.7% 6.9% 11.0% 6.6% 11.4% 6.6% 11.7% 6.8% 12.1% 7.3% 12.5% 7.9% 12.8% 8.6% 13.2% 9.4% 13.6% 10.4% 13.9% 11.4% 13.9% 6.6%

2015 7.9% 6.5% 7.1% 6.1% 6.3% 6.1% 5.5% 6.8% 4.6% 7.9% 3.7% 9.2% 2.8% 10.7% 1.9% 12.4% 1.0% 14.1% 0.1% 15.8% -0.7% 17.6% 7.9% 6.1%

2016 2.2% 7.4% 1.3% 6.9% 0.3% 6.7% -0.6% 6.9% -1.5% 7.3% -2.5% 7.9% -3.4% 8.8% -4.3% 9.8% -5.3% 10.9% -6.2% 12.0% -7.1% 13.3% 2.2% 6.7%

Panel B: Sharpe ratios of the simulated portfolios, assuming a floating exchange rate. The Cumulative Fund for Pension Rights.

Year Max Min

2004 1.78 -0.11

2005 2.59 0.59

2006 1.70 -0.46

2008 0.33 0.06

2009 1.92 1.07

2010 1.55 -0.09

2011 -0.12 -1.04

2012 1.65 0.04

2013 1.26 0.74

2014 1.71 1.22

2015 1.21 -0.04

2016 0.27 -0.55-0.53 -0.55

0.791.091.411.631.78 0.54

0.27 0.16 0.02 -0.12 -0.24 -0.34 -0.41 -0.46 -0.50

1.31 1.22

1.21 1.16 1.03 0.80 0.58 0.40 0.26 0.15 0.07 0.01 -0.04

1.40 1.54 1.66 1.71 1.71 1.66 1.58 1.49 1.40

1.65 1.64

0.74 0.99 1.18 1.26 1.26 1.22 1.17 1.13 1.08 1.05 1.01

0.04 0.32 0.68 1.00 1.26 1.45 1.56 1.62 1.64

0.01 -0.09

-1.03 -1.04 -1.00 -0.93 -0.81 -0.67 -0.52 -0.40 -0.29 -0.20 -0.12

1.55 1.52 1.42 1.23 0.99 0.73 0.49 0.30 0.14

0.32 0.31

1.07 1.39 1.68 1.87 1.92 1.88 1.79 1.69 1.60 1.52 1.45

0.06 0.13 0.21 0.26 0.30 0.32 0.33 0.33 0.32

0.69 0.59

-0.46 0.07 0.69 1.15 1.42 1.56 1.63 1.67 1.69 1.70 1.70

2.55 2.59 2.58 2.17 1.77 1.44 1.18 0.98 0.82

Sharpe ratios

10 11

1 2 3 4

0.35 0.19 0.07 -0.03 -0.11

6 7 8 9

5 6 7 8

Portfolios

1 2 3 4 5

9 10 11
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Table 12: The Cumulative Fund for Pension Rights, assuming fixed exchange rate. 

 

 

5.1.7 Brú Pension Fund 

The returns and volatilities of the simulated portfolios for Brú Pension Fund, assuming a 

floating exchange rate are shown in Table 13, panel A. The lowest volatility over the period 

being researched was 3.2% in 2005, within simulated portfolio 2. The lowest volatility is most 

often achieved in portfolio 2. The highest return is achieved eight times in portfolio 11, the 

highest being 31.9% in 2006. Table 13, panel B, shows the Sharpe ratios of the portfolios when 

assuming a floating exchange rate.  The Sharpe ratios range from 1.91 to -1.01, in portfolios 5 

and 1, respectively. The highest Sharpe ratio is equally often achieved in portfolio 1 and 11. 

The lowest Sharpe ratio is most often realized in portfolio 1. In seven out of twelve years, the 

Sharpe ratio is highest when the proportion invested in domestic assets is 50% or higher.  

 

The returns and volatilities of the simulated portfolios assuming a fixed exchange rate are 

shown in Table 14, panel A. When assuming a fixed exchange rate, the lowest volatility is most 

often achieved in portfolio 3. The lowest volatility over the period being researched was 3.1% 

in 2005, within simulated portfolio 3. Highest return is most often achieved in simulated 

portfolio 11. The highest return over the period was 25.2% within portfolio 11 in 2009. The 

Sharpe ratios for the portfolios assuming a fixed exchange rate are shown in Table 14, panel 

B. The Sharpe ratios range from 2.52, within portfolios 7 and 8, to -1.31 in portfolio 11. The 

highest Sharpe ratio is most often achieved in portfolio 11. In six out of twelve years, the Sharpe 

Panel A: Returns and volatilities of the simulated portfolios, assuming a fixed exchange rate. The Cumulative Fund for Pension Rights.

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 10.6% 5.3% 10.8% 5.0% 11.3% 4.8% 11.5% 4.9% 11.6% 5.2% 11.8% 5.7% 12.0% 6.4% 12.1% 7.1% 12.3% 7.9% 12.5% 8.8% 12.7% 9.7% 12.7% 4.8%

2005 12.5% 3.7% 12.0% 3.5% 12.6% 3.5% 12.0% 3.6% 11.3% 3.9% 10.7% 4.4% 10.1% 4.9% 9.5% 5.5% 8.9% 6.1% 8.3% 6.8% 7.7% 7.6% 12.6% 3.5%

2006 2.2% 5.6% 3.7% 5.3% 5.4% 5.3% 6.9% 5.3% 8.4% 5.5% 9.9% 5.9% 11.4% 6.5% 12.9% 7.1% 14.4% 7.9% 15.9% 8.7% 17.4% 9.6% 17.4% 5.3%

2008 3.3% 27.8% -0.9% 25.2% -4.8% 23.1% -9.2% 21.6% -13.6% 20.8% -18.0% 20.8% -22.4% 21.8% -26.7% 23.4% -31.1% 25.7% -35.5% 28.5% -39.9% 31.5% 3.3% 20.8%

2009 11.6% 10.7% 13.1% 9.9% 14.4% 9.6% 15.9% 10.0% 17.3% 11.0% 18.8% 12.3% 20.3% 14.0% 21.8% 15.9% 23.2% 17.9% 24.7% 20.0% 26.2% 22.2% 26.2% 9.6%

2010 13.9% 8.9% 13.3% 8.2% 12.7% 7.8% 12.0% 7.9% 11.4% 8.4% 10.8% 9.3% 10.1% 10.4% 9.5% 11.8% 8.9% 13.3% 8.2% 14.8% 7.6% 16.5% 13.9% 7.8%

2011 -11.4% 11.1% -11.1% 10.3% -10.8% 10.0% -10.5% 10.3% -10.1% 11.0% -9.8% 12.2% -9.5% 13.7% -9.2% 15.4% -8.8% 17.2% -8.5% 19.2% -8.2% 21.2% -8.2% 10.0%

2012 0.3% 6.9% 1.6% 6.3% 3.0% 6.0% 4.3% 6.0% 5.5% 6.4% 6.7% 7.1% 7.9% 8.0% 9.2% 9.0% 10.4% 10.2% 11.6% 11.4% 12.9% 12.6% 12.9% 6.0%

2013 3.5% 4.6% 5.5% 4.3% 7.6% 4.3% 9.7% 4.5% 11.7% 4.9% 13.8% 5.5% 15.8% 6.2% 17.9% 7.1% 20.0% 7.9% 22.0% 8.9% 24.1% 9.8% 24.1% 4.3%

2014 10.3% 7.4% 9.6% 6.9% 8.8% 6.5% 8.1% 6.2% 7.3% 6.2% 6.6% 6.3% 5.9% 6.6% 5.1% 7.0% 4.4% 7.6% 3.7% 8.3% 2.9% 9.0% 10.3% 6.2%

2015 7.9% 6.5% 6.9% 5.9% 5.9% 5.6% 4.9% 5.7% 3.8% 6.1% 2.7% 6.9% 1.6% 7.9% 0.5% 9.1% -0.6% 10.3% -1.7% 11.6% -2.7% 13.0% 7.9% 5.6%

2016 2.2% 7.4% 2.7% 6.9% 3.1% 6.5% 3.6% 6.5% 4.1% 6.7% 4.6% 7.2% 5.1% 7.9% 5.6% 8.7% 6.1% 9.7% 6.6% 10.7% 7.1% 11.8% 7.1% 6.5%

Panel B: Sharpe ratios of the simulated portfolios, assuming a fixed exchange rate. The Cumulative Fund for Pension Rights.

Year Max Min

2004 2.09 1.18

2005 2.72 0.63

2006 1.32 -0.46

2008 0.06 -1.32

2009 1.57 1.07

2010 1.62 0.46

2011 -0.39 -1.08

2012 1.02 0.04

2013 2.54 0.74

2014 1.40 0.32

2015 1.21 -0.21

2016 0.62 0.270.59 0.58

1.992.082.091.951.78 1.85

0.27 0.37 0.45 0.53 0.58 0.61 0.62 0.62 0.61

0.44 0.32

1.21 1.16 1.06 0.85 0.61 0.38 0.20 0.05 -0.06 -0.14 -0.21

1.40 1.39 1.36 1.29 1.18 1.04 0.89 0.73 0.58

1.02 1.01

0.74 1.28 1.78 2.17 2.40 2.50 2.54 2.53 2.51 2.48 2.45

0.04 0.24 0.50 0.69 0.84 0.93 0.98 1.01 1.02

0.55 0.46

-1.03 -1.08 -1.08 -1.02 -0.92 -0.81 -0.70 -0.60 -0.51 -0.45 -0.39

1.55 1.61 1.62 1.51 1.34 1.15 0.96 0.80 0.66

-1.30 -1.32

1.07 1.31 1.48 1.57 1.57 1.52 1.44 1.36 1.29 1.23 1.18

0.06 -0.10 -0.28 -0.50 -0.73 -0.94 -1.10 -1.21 -1.27

0.78 0.63

-0.46 -0.21 0.12 0.40 0.65 0.86 1.02 1.13 1.22 1.28 1.32

2.55 2.59 2.72 2.46 2.13 1.78 1.46 1.19 0.97

Sharpe ratios

10 11

1 2 3 4

1.69 1.54 1.40 1.28 1.18

6 7 8 9

5 6 7 8

Portfolios

1 2 3 4 5

9 10 11
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ratio is highest when the proportion invested in domestic assets is 50% or higher. The lowest 

Sharpe ratio is most often in portfolio 1.   

 

Table 13: Brú Pension Fund, assuming floating exchange rate. 

 
 

Table 14: Brú Pension Fund, assuming fixed exchange rate. 

 
 

Panel A: Returns and volatilities of the simulated portfolios, assuming a floating exchange rate. Brú Pension Fund.

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 2.9% 5.1% 2.6% 4.9% 2.2% 5.2% 1.9% 5.7% 1.6% 6.5% 1.2% 7.5% 0.9% 8.5% 0.6% 9.7% 0.2% 10.9% -0.1% 12.1% -0.4% 13.4% 2.9% 4.9%

2005 2.7% 3.3% 3.4% 3.2% 4.1% 3.5% 4.8% 4.1% 5.6% 5.0% 6.3% 6.0% 7.0% 7.0% 7.7% 8.1% 8.5% 9.2% 9.2% 10.4% 9.9% 11.5% 9.9% 3.2%

2006 0.8% 5.1% 3.9% 4.7% 7.0% 5.0% 10.1% 5.8% 13.2% 6.9% 16.3% 8.2% 19.4% 9.7% 22.6% 11.2% 25.7% 12.7% 28.8% 14.3% 31.9% 15.9% 31.9% 4.7%

2008 3.4% 27.9% 5.0% 25.5% 6.5% 24.3% 8.1% 24.6% 9.7% 26.3% 11.2% 29.0% 12.8% 32.7% 14.4% 36.9% 15.9% 41.5% 17.5% 46.5% 19.1% 51.6% 19.1% 24.3%

2009 11.0% 10.5% 12.8% 9.4% 14.7% 8.8% 16.5% 8.9% 18.3% 9.5% 20.1% 10.7% 21.9% 12.2% 23.7% 13.9% 25.5% 15.8% 27.4% 17.8% 29.2% 19.9% 29.2% 8.8%

2010 13.9% 8.9% 12.4% 8.1% 10.9% 7.6% 9.3% 7.4% 7.8% 7.7% 6.3% 8.4% 4.8% 9.3% 3.2% 10.5% 1.7% 11.8% 0.2% 13.2% -1.3% 14.6% 13.9% 7.4%

2011 -10.8% 10.7% -9.8% 9.8% -8.9% 9.2% -7.9% 9.0% -6.9% 9.1% -5.9% 9.6% -4.9% 10.4% -3.9% 11.5% -3.0% 12.7% -2.0% 14.1% -1.0% 15.6% -1.0% 9.0%

2012 0.0% 7.0% 1.7% 6.3% 3.5% 5.9% 5.2% 5.7% 6.9% 5.7% 8.6% 6.1% 10.4% 6.6% 12.1% 7.4% 13.8% 8.2% 15.5% 9.2% 17.3% 10.2% 17.3% 5.7%

2013 3.1% 4.7% 4.0% 4.3% 4.9% 4.4% 5.7% 4.8% 6.6% 5.4% 7.5% 6.3% 8.4% 7.2% 9.2% 8.3% 10.1% 9.4% 11.0% 10.5% 11.9% 11.7% 11.9% 4.3%

2014 10.3% 7.4% 10.7% 7.0% 11.0% 6.7% 11.4% 6.7% 11.8% 6.9% 12.1% 7.3% 12.5% 7.9% 12.8% 8.6% 13.2% 9.5% 13.6% 10.4% 13.9% 11.4% 13.9% 6.7%

2015 7.4% 6.6% 6.6% 6.1% 5.8% 6.2% 5.0% 6.9% 4.1% 7.9% 3.3% 9.2% 2.5% 10.8% 1.7% 12.4% 0.9% 14.1% 0.1% 15.8% -0.7% 17.6% 7.4% 6.1%

2016 2.5% 7.4% 1.5% 6.9% 0.6% 6.8% -0.3% 6.9% -1.3% 7.4% -2.2% 8.2% -3.1% 9.1% -4.1% 10.2% -5.0% 11.4% -5.9% 12.6% -6.9% 13.9% 2.5% 6.8%

Panel B: Sharpe ratios of the simulated portfolios, assuming a floating exchange rate. Brú Pension Fund. 

Year Max Min

2004 0.33 -0.12

2005 0.60 -0.09

2006 1.70 -0.80

2008 0.35 0.06

2009 1.91 1.04

2010 1.55 -0.10

2011 -0.07 -1.01

2012 1.68 -0.01

2013 1.22 0.67

2014 1.70 1.22

2015 1.11 -0.04

2016 0.31 -0.51-0.49 -0.51

0.060.120.200.280.33 0.01

0.31 0.19 0.06 -0.08 -0.20 -0.29 -0.37 -0.42 -0.46

1.31 1.22

1.11 1.07 0.92 0.72 0.52 0.36 0.23 0.14 0.06 0.00 -0.04

1.39 1.53 1.64 1.70 1.70 1.66 1.58 1.49 1.39

1.68 1.68

0.67 0.92 1.11 1.20 1.22 1.19 1.16 1.11 1.08 1.04 1.01

-0.01 0.27 0.58 0.91 1.20 1.42 1.56 1.63 1.67

0.01 -0.10

-1.01 -1.00 -0.97 -0.88 -0.76 -0.62 -0.48 -0.35 -0.24 -0.14 -0.07

1.55 1.52 1.42 1.24 1.00 0.74 0.50 0.30 0.14

0.34 0.34

1.04 1.35 1.65 1.84 1.91 1.87 1.79 1.70 1.61 1.53 1.46

0.06 0.13 0.20 0.26 0.31 0.33 0.34 0.35 0.34

0.60 0.60

-0.80 -0.20 0.44 0.92 1.22 1.40 1.52 1.59 1.64 1.67 1.70

-0.09 0.13 0.33 0.45 0.52 0.55 0.57 0.59 0.59

Sharpe ratios

10 11

1 2 3 4

-0.03 -0.06 -0.09 -0.11 -0.12

6 7 8 9

5 6 7 8

Portfolios

1 2 3 4 5

9 10 11

Panel A: Returns and volatilities of the simulated portfolios, assuming a fixed exchange rate. Brú Pension Fund.

Year R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ R σ  Max R Min σ

2004 2.9% 5.1% 3.9% 4.8% 4.8% 4.6% 5.8% 4.7% 6.8% 5.0% 7.7% 5.5% 8.7% 6.2% 9.7% 6.9% 10.6% 7.7% 11.6% 8.6% 12.6% 9.5% 12.6% 4.6%

2005 2.7% 3.3% 3.2% 3.1% 3.7% 3.1% 4.2% 3.3% 4.8% 3.7% 5.3% 4.2% 5.8% 4.8% 6.3% 5.5% 6.8% 6.2% 7.4% 6.9% 7.9% 7.6% 7.9% 3.1%

2006 0.8% 5.1% 2.4% 4.8% 4.0% 4.7% 5.7% 4.8% 7.3% 5.1% 9.0% 5.6% 10.6% 6.2% 12.3% 6.9% 13.9% 7.7% 15.6% 8.6% 17.2% 9.4% 17.2% 4.7%

2008 3.4% 27.9% -0.9% 25.2% -5.1% 23.0% -9.4% 21.4% -13.7% 20.6% -17.9% 20.6% -22.2% 21.5% -26.5% 23.1% -30.7% 25.4% -35.0% 28.1% -39.3% 31.1% 3.4% 20.6%

2009 11.0% 10.5% 12.4% 9.7% 13.9% 9.5% 15.3% 9.8% 16.7% 10.6% 18.1% 11.9% 19.5% 13.4% 20.9% 15.2% 22.3% 17.1% 23.8% 19.1% 25.2% 21.1% 25.2% 9.5%

2010 13.9% 8.9% 13.3% 8.1% 12.6% 7.7% 12.0% 7.8% 11.4% 8.3% 10.7% 9.1% 10.1% 10.2% 9.4% 11.5% 8.8% 12.9% 8.2% 14.4% 7.5% 16.0% 13.9% 7.7%

2011 -10.8% 10.7% -10.5% 10.0% -10.1% 9.7% -9.8% 9.9% -9.4% 10.5% -9.0% 11.6% -8.7% 13.0% -8.3% 14.5% -8.0% 16.3% -7.6% 18.1% -7.3% 20.0% -7.3% 9.7%

2012 0.0% 7.0% 1.3% 6.4% 2.5% 6.0% 3.7% 6.0% 4.9% 6.3% 6.2% 6.8% 7.4% 7.6% 8.6% 8.6% 9.9% 9.6% 11.1% 10.7% 12.3% 11.9% 12.3% 6.0%

2013 3.1% 4.7% 5.2% 4.3% 7.3% 4.3% 9.4% 4.5% 11.5% 4.9% 13.6% 5.5% 15.7% 6.2% 17.8% 7.1% 19.9% 7.9% 22.0% 8.9% 24.1% 9.8% 24.1% 4.3%

2014 10.3% 7.4% 9.6% 6.9% 8.8% 6.5% 8.1% 6.3% 7.4% 6.2% 6.6% 6.4% 5.9% 6.6% 5.1% 7.1% 4.4% 7.6% 3.7% 8.3% 2.9% 9.0% 10.3% 6.2%

2015 7.4% 6.6% 6.4% 5.9% 5.4% 5.6% 4.4% 5.7% 3.3% 6.2% 2.3% 6.9% 1.3% 7.9% 0.3% 9.1% -0.7% 10.3% -1.7% 11.6% -2.7% 13.0% 7.4% 5.6%

2016 2.5% 7.4% 3.0% 6.8% 3.4% 6.5% 3.9% 6.6% 4.4% 6.9% 4.9% 7.5% 5.4% 8.2% 5.9% 9.2% 6.4% 10.2% 6.9% 11.4% 7.4% 12.6% 7.4% 6.5%

Panel B: Sharpe ratios of the simulated portfolios, assuming a fixed exchange rate. Brú Pension Fund. 

Year Max Min

2004 1.22 0.33

2005 0.64 -0.09

2006 1.32 -0.80

2008 0.06 -1.31

2009 1.56 1.04

2010 1.62 0.46

2011 -0.37 -1.05

2012 1.03 -0.01

2013 2.52 0.67

2014 1.39 0.32

2015 1.11 -0.21

2016 0.63 0.310.59 0.57

0.980.790.560.33 1.181.11

0.31 0.40 0.50 0.57 0.61 0.63 0.63 0.62 0.60

0.44 0.32

1.11 1.07 0.95 0.76 0.54 0.33 0.16 0.03 -0.07 -0.15 -0.21

1.39 1.38 1.35 1.28 1.18 1.04 0.88 0.73 0.58

1.03 1.03

0.67 1.20 1.71 2.11 2.35 2.47 2.52 2.52 2.50 2.48 2.45

-0.01 0.19 0.40 0.61 0.78 0.89 0.96 1.00 1.02

0.56 0.46

-1.01 -1.05 -1.05 -0.99 -0.90 -0.78 -0.67 -0.58 -0.49 -0.42 -0.37

1.55 1.62 1.62 1.53 1.36 1.17 0.98 0.81 0.68

-1.30 -1.31

1.04 1.27 1.45 1.55 1.56 1.52 1.45 1.37 1.30 1.24 1.19

0.06 -0.10 -0.29 -0.51 -0.74 -0.95 -1.11 -1.21 -1.27

0.64 0.64

-0.80 -0.50 -0.16 0.19 0.50 0.75 0.94 1.08 1.18 1.26 1.32

-0.09 0.07 0.24 0.38 0.48 0.55 0.59 0.61 0.63

Sharpe ratios

10 11

1 2 3 4

1.21 1.22 1.22 1.21 1.20

6 7 8 9

5 6 7 8

Portfolios

1 2 3 4 5

9 10 11
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5.2 Optimal portfolios  

5.2.1 Main findings 

The main findings of the analysis of the optimal portfolios are as follows: The optimal 

portfolios have higher proportions invested in foreign assets than the pension funds state in 

their annual reports, for most of the years over the period being researched. Specifically, the 

proportion of foreign bonds invested in the optimal portfolios is a lot higher than the pension 

funds’ actual investments, for most years over the period. The proportion invested in domestic 

bonds is not as significant in the optimal portfolios as it is in the pension funds’ actual 

portfolios. When assuming a fixed exchange rate the optimal portfolios achieved lower 

volatility compared to when assuming a floating exchange rate. On the other hand, for most of 

the years, the returns of the portfolios were more extreme when assuming a floating exchange 

rate compared to when assuming a fixed exchange rate. The results of the optimal portfolios 

provide evidence for the benefits of international diversification within the Icelandic pension 

funds. More detailed results are listed below.   

     

5.2.2 Optimal portfolios assuming a floating exchange rate 

The optimal portfolios for each year over the research period, based on the returns and 

volatilities of the indexes, when assuming a floating exchange rate are shown in Table 15. The 

highest Sharpe ratio is 5.37, achieved in 2005, with 94.4% invested in domestic equity and 

5.6% in foreign equity. The lowest Sharpe ratio is 0.54, realized in 2016 with the portfolio only 

consisting of domestic bonds. This can be explained by the fact that out of all the asset 

categories, only domestic bonds generated a positive return in 2016. The highest return is 

achieved in 2008, with 11.5% invested in domestic bonds and 88.5% in foreign bonds. The 

lowest volatility is achieved in 2014, with 22.2% invested in domestic bonds, 12.4% in 

domestic equity, 63.8% in foreign bonds and 1.6% foreign equity. The years 2004, 2010 and 

2016 have optimal portfolios that contain no foreign investments. In six out of the twelve years, 

the optimal portfolio has at least 45% invested abroad.  
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Table 15: Optimal portfolios, assuming floating exchange rate. 

Year Domestic 

Bond 

Domestic 

equity 

Foreign 

bond 

Foreign 

equity 

Sharpe 

ratio  

Return Volatility 

2004 0.0% 100.0% 0.0% 0.0% 3.51 52.9% 14.7% 

2005 0.0% 94.4% 0.0% 5.6% 5.37 58.1% 10.3% 

2006 0.0% 31.7% 0.0% 68.3% 2.04 27.1% 10.9% 

2008 11.5% 0.0% 88.5% 0.0% 2.42 95.1% 38.7% 

2009 55.8% 0.0% 13.5% 30.8% 2.00 17.6% 8.8% 

2010 72.4% 27.6% 0.0% 0.0% 1.72 14.1% 8.1% 

2011 0.0% 6.8% 85.7% 7.5% 1.63 11.6% 7.1% 

2012 0.0% 29.2% 39.1% 31.7% 2.32 14.0% 6.0% 

2013 5.0% 74.8% 0.0% 20.2% 2.60 23.0% 8.8% 

2014 22.2% 12.4% 63.8% 1.6% 2.83 11.8% 4.2% 

2015 6.9% 83.5% 9.6% 0.0% 3.64 31.7% 8.7% 

2016 100.0% 0.0% 0.0% 0.0% 0.54 4.4% 7.8% 

 

 

5.2.3 Optimal portfolios assuming a fixed exchange rate 

The optimal portfolios for each year in the research period, based on the returns and volatilities 

of the indexes, assuming a fixed exchange rate, are shown in Table 16. Overall, the volatilities 

of the optimal portfolios are lower when assuming a fixed exchange rate compared to when 

assuming a floating exchange rate. The highest Sharpe ratio is 5.36, achieved in 2005, with 

97.1% invested in domestic equity and 2.9% in foreign equity. The highest return and volatility 

is also realized in 2005. The lowest Sharpe ratio, 0.75, is realized in 2008, in a portfolio with 

7.5% invested in domestic bonds and 92.5% in foreign bonds. The lowest volatility is achieved 

in 2014, with 34.6% invested in domestic bonds, 17.6% in domestic equity, 41.4% in foreign 

bonds and 6.4% in foreign equity. In five of the twelve years analysed, the optimal portfolios 

have nothing invested in domestic bonds. For foreign bonds, in eight of the twelve years 

analysed, the proportion invested was 35% or higher, and higher than 90% for two of those 

years. Out of the twelve portfolios, ten have at least 47% invested in foreign assets. Only the 

optimal portfolio in 2015 has nothing invested in foreign assets.  
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Table 16: Optimal portfolios, assuming fixed exchange rate. 

Year Domestic 

bond 

Domestic 

equity 

Foreign 

bond 

Foreign 

equity 

Sharpe Return Volatility 

2004 0.0% 45.4% 35.9% 18.7% 3.84 29.9% 7.5% 

2005 0.0% 97.1% 0.0% 2.9% 5.36 59.4% 10.5% 

2006 0.0% 13.2% 0.0% 86.8% 1.38 17.5% 9.2% 

2008 7.5% 0.0% 92.5% 0.0% 0.75 7.1% 7.3% 

2009 40.5% 0.0% 42.4% 17.1% 1.75 12.1% 6.9% 

2010 40.6% 12.0% 42.2% 5.2% 2.00 10.0% 4.9% 

2011 0.0% 1.0% 99.0% 0.0% 1.31 6.1% 4.6% 

2012 0.0% 27.6% 63.0% 9.4% 2.04 8.4% 4.1% 

2013 1.2% 47.4% 0.0% 51.5% 3.38 25.4% 7.5% 

2014 34.6% 17.6% 41.4% 6.4% 1.66 6.4% 3.8% 

2015 9.1% 90.9% 0.0% 0.0% 3.61 34.7% 9.6% 

2016 39.7% 0.0% 40.5% 19.8% 0.80 3.7% 4.4% 

 

 

5.3 Comparison between reported returns and returns of optimal 

portfolios 

Table 17 shows the nominal returns of the pension funds’ occupational pension plans, as stated 

in the pension funds’ annual reports, as well as the returns for the optimal portfolios, both when 

assuming a floating exchange rate and assuming a fixed exchange rate. As the table shows, the 

optimal portfolios generally delivered more generous returns over the research period than 

actually achieved by the pension funds, especially when assuming a floating exchange rate. 

When assuming a floating exchange rate, in 2004 to 2010, the return of the optimal portfolios 

was higher than the reported returns of the pension funds and no pension fund achieved a return 

relatively close to that of the optimal portfolio. In 2011, one out of the six pension funds 

analysed achieved a return that was relatively close to that of the optimal portfolio, compared 

to the other pension funds. Five out of the six pension funds achieved a return that was similar 

to the return of the optimal portfolio in the year 2012. Out of those five, two funds generated 

higher returns than the optimal portfolio. In 2013, the return of the optimal portfolio was higher 

than the reported returns of the pension funds. In 2014, two out of the six pension funds 

achieved returns similar to the optimal portfolio, of which one had a higher return than the 

optimal portfolio. The return of the optimal portfolio was higher than the reported returns of 

all the pension funds in 2015. In 2016, two pension funds achieved a return close to that of the 

optimal portfolio compared to the other funds.   
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When assuming a fixed exchange rate, in 2004 and 2005, the optimal portfolios generated a 

much higher return compared to the reported returns of all the pension funds. In 2006, the 

reported returns of the pension funds were higher than the return of the optimal portfolio for 

four out of the six pension funds, however, in 2008 the optimal portfolio achieved a higher 

return than all the pension funds. In 2009, three pension funds achieved a return similar to the 

optimal portfolio, one of which generated higher returns than the optimal portfolio. All of the 

pension funds reported returns lower than that of the optimal portfolio in 2010, and no fund 

generated a return similar to the return of the optimal portfolio. All of the six pension funds 

generated higher returns than the optimal portfolios in 2011 and 2012. In 2013, the optimal 

portfolios generated a much higher return compared to the reported returns of all the pension 

funds. In 2014, five out of the six pension funds realized higher returns than the optimal 

portfolio and one pension fund obtained a return similar to that of the optimal portfolio. The 

optimal portfolios generated a much higher return compared to the reported returns of all the 

pension funds in 2015 and in 2016, four pension funds achieved a return similar to the optimal 

portfolio, of which one achieved higher returns than the optimal portfolio. 

 

Table 17: Reported nominal returns of the pension funds (compiled from the pension funds’ annual reports) and nominal 

returns of optimal portfolios.   

 

The optimal portfolios did not generate a negative return for any of the years in the research 

period. Four out of the six pension funds’ portfolios obtained a negative return in 2008, which 

can be a consequence of the financial crash.  

Year The 

Pension 

Fund for 

State 

Employees, 

A-division 

The 

Pension 

Fund for 

State 

Employees, 

B-division 

The 

Pension 

Fund of 

Commerce  

The 

General 

Pension 

Fund 

The 

Cumulative 

Fund for 

Pension 

Rights 

Brú 

Pension 

Fund 

Optimal 

portfolio 

(assuming a 

floating 

exchange 

rate) 

Optimal 

portfolio 

(assuming a 

fixed 

exchange rate) 

2004 13.5% 13.8% 16.4% 12.1% 11.6% 9.3% 52.9% 29.9% 

2005 18.8% 19.1% 20.9% 14.2% 14.1% 11.5% 58.1% 59.4% 

2006 18.6% 18.8% 20.6% 21.3% 10.1% 15.1% 27.1% 17.5% 

2008 -11.5% -14.0% -11.8% -14.8% 0.3% 2.5% 95.1% 7.1% 

2009 11.4% 12.0% 9.9% 8.6% 12.7% 10.0% 17.6% 12.1% 

2010 5.0% 4.6% 6.1% 4.1% 6.4% 3.9% 14.1% 10.0% 

2011 6.7% 7.7% 8.2% 9.7% 8.3% 9.0% 11.6% 6.1% 

2012 13.1% 15.5% 13.4% 14.8% 12.1% 8.8% 14.0% 8.4% 

2013 10.1% 11.1% 10.3% 7.5% 10.1% 8.5% 23.0% 25.4% 

2014 8.7% 12.2% 9.9% 7.3% 7.8% 5.7% 11.8% 6.4% 

2015 9.7% 7.3% 12.5% 8.6% 8.8% 11.6% 31.7% 34.7% 

2016 4.3% 0.8% 1.0% 2.7% 1.9% 1.8% 4.4% 3.7% 
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5.4 Efficient frontier 

5.4.1 Main findings 

The main findings of the analysis of the efficient frontier are as follows: The portfolios on the 

efficient frontier, both assuming a floating and fixed exchange rate, have a much higher 

proportion invested in foreign assets than is currently observable in the pension funds’ 

portfolios. This suggests that benefits of international diversification can be increased by 

investing more in foreign assets. What is especially notable is that the proportion of foreign 

bonds within the optimal portfolios is much higher than within the current portfolios of the 

pension funds, suggesting that Icelandic pension funds should consider investing more in 

foreign bonds.  

5.4.2 Efficient frontier when assuming a floating exchange rate 

Figure 4 shows the efficient frontier and the CAL when assuming a floating exchange rate. The 

CAL intercepts the return axis at the average risk-free rate of 0.93% and has a slope that equals 

the Sharpe ratio which is 1.11. The efficient frontier lies from the minimum variance portfolio, 

marked with MV in Figure 4, to the maximum return portfolio, marked with foreign bonds, as 

the maximum return portfolio consists only of foreign bonds. The minimum variance portfolio 

has 63.4% invested in domestic bonds, 13.9% in domestic equity, 13.5% in foreign bonds and 

9.3% in foreign equity. The minimum variance portfolio has a volatility of 5.3% and return of 

5.5%. The maximum return portfolio has a return of 11.3% and a volatility of 31.7%. The 

points marked with domestic bonds, domestic equity, foreign bonds and foreign equity in 

Figure 4, represent portfolios that consist solely of these assets. As Figure 4 shows, investing 

in a portfolio consisting only of domestic bonds is not part of the efficient frontier, as it lies 

below the minimum variance portfolio. The optimal portfolio is where the CAL and the 

efficient frontier are tangent and is marked with optimal portfolio in Figure 4. The optimal 

portfolio has 32.6% invested in domestic bonds, 20.6% in domestic equity, 22.3% in foreign 

bonds and 24.5% in foreign equity. Total proportion of foreign assets in the portfolio is 46.8%. 

The portfolio has a return of 8.0% and a volatility of 6.4%, indicating that a relatively higher 

return can be achieved by only increasing the volatility by 1.1%, from the volatility of the 

minimum variance portfolio.  
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Figure 4: Efficient frontier and capital allocation line, assuming a floating exchange rate. 

Figure 5 shows the asset compositions of different portfolios on the efficient frontier, including 

the portfolios that are not efficient. Portfolios that are not efficient are below the minimum 

variance portfolio, which is marked with the white vertical line in Figure 5 with a return of 

5.5%. Figure 5 shows four areas, where each area shows the proportion invested in the asset 

category it represents. The black area represents the proportion of domestic bonds in each 

portfolio, the lightest area represents the proportion of domestic equity in each portfolio, the 

light grey represents the proportion of foreign bonds in each portfolio and the dark grey area 

represents the proportion of foreign equity in each portfolio. As the figure shows, each portfolio 

on the efficient frontier (to the right of the white vertical line), has at least 20% invested in 

foreign assets within the portfolio. The proportion of foreign assets invested increases as the 

return increases, until the return has reached the maximum return portfolio, invested solely in 

foreign bond. The area furthest to the left on Figure 5 shows a portfolio that consists solely of 

domestic bonds, with a return of 2.8%. That portfolio is not on the efficient frontier.   
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Figure 5: Asset compositions on the efficient frontier, assuming a floating exchange rate. 

 

5.4.3 Efficient frontier when assuming fixed exchange rate 

Figure 6 shows the efficient frontier and the CAL when assuming a fixed exchange rate. The 

CAL intercepts the return axis at the average risk-free rate of 0.93% and has a slope of 0.79. 

The efficient frontier lies from the minimum variance portfolio, marked with MV in the figure, 

to the maximum return portfolio, marked with domestic equity, as the maximum return 

portfolio consists only of domestic equity. The points marked with domestic bonds, domestic 

equity, foreign bonds and foreign equity in Figure 6, represent portfolios that consists solely of 

these assets. The minimum variance portfolio consists of 24.9% invested in domestic bonds, 

4.9% in domestic equity and 70.3% in foreign bonds, with a return of 3.5% and volatility of 

3.4%. The optimal portfolio, marked with optimal portfolio in Figure 6, is where the CAL and 

the efficient frontier are tangent. The optimal portfolio is almost identical to the minimum 

variance portfolio and has a return of 3.7% and a volatility of 3.5%. The optimal portfolio 

consists of 21.2% invested in domestic bonds, 7.1% in domestic equity and 71.7% in foreign 

bonds. Nothing is invested in foreign equity in the optimal portfolio.  
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Figure 6: Efficient frontier and capital allocation line, assuming a fixed exchange rate. 

Figure 7 shows the asset compositions of different portfolios on the efficient frontier, including 

the portfolios that are not efficient. Portfolios that are not efficient are below the minimum 

variance portfolio, which is marked with the white vertical line in Figure 7, with a return of 

3.5%. The figure shows four areas; similar to Figure 5, where each area shows the proportion 

invested in the asset category it represents. As Figure 7 shows, the portfolios on the efficient 

frontier (to the right of the white vertical line) have a large proportion in foreign assets. Foreign 

bonds and domestic equity are dominant in the efficient portfolios. Domestic bonds and foreign 

equity, however, represent a smaller proportion within the efficient portfolios. The area furthest 

to the left on Figure 7 shows a portfolio that consists solely of domestic bonds, with a return 

of 2.8%. The area furthest to the right is the point of the maximum return portfolio, where 

everything is invested in domestic equity with a return of 10.6%.    
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Figure 7: Asset compositions on the efficient frontier, assuming a fixed exchange rate. 
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6 Discussion and Conclusions 

In this thesis, we analysed the effect of international diversification within Icelandic pension 

funds. Even though some pension funds have been increasing the proportion invested in foreign 

assets within their portfolios, the proportion of foreign assets within the Icelandic pension 

system has been decreasing in the recent years, despite evidence of the benefits of international 

diversification. At the end of year 2016, foreign assets as a proportion of total assets within 

Icelandic pension system were 21.5% (Seðlabanki Íslands, 2018).  

During our research we simulated portfolios with different levels of foreign investments, 

estimated optimal portfolios and compared the reported returns of the pension funds to the 

returns of the optimal portfolios. We also constructed an efficient frontier, consisted of 

portfolios that were optimal on average, over the research period. We anticipated that 

increasing foreign investments from the pension funds’ current level would lead to a better 

risk-return relationship.  

When keeping the overall proportions invested in bonds and equities, within domestic and 

foreign assets, fixed (as stated in the pension funds’ annual reports) and shifting the total 

proportion invested in domestic and foreign assets, lowest risk portfolios were achieved with 

high levels of domestic investments. When assuming a floating exchange rate, the lowest risk 

portfolios were most often achieved with 70% to 90% invested in domestic assets. This can 

possibly be explained by the high fluctuations in the exchange rate between ISK and USD, 

increasing the volatility of foreign assets. Contrary to our expectations, similar results are 

observable when assuming a fixed exchange rate, as lowest risk portfolios were most often 

achieved with 70% to 80% invested domestically. Although this level of domestic investment 

is high, it suggests that lowest risk portfolios can be achieved with foreign investment levels 

of 30%, both when assuming a floating and fixed exchange rate. This is higher than generally 

observed in the pension funds’ actual portfolios over the research period. The pension funds’ 

actual portfolios are heavily dependent on domestic assets, especially domestic bonds, which 

can possibly be explained by the fact that historically, interest rates have been high in Iceland 

compared to other countries. The Sharpe ratios, which focus on the risk-return relationship, 

indicate that the best performance (most efficient portfolio) is most often achieved in a portfolio 

that has everything invested in domestic assets, both when assuming a floating and fixed 
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exchange rate. However, we do observe years where the most efficient portfolios contain 

investment levels of 30% to 70% in foreign assets.  

The optimal portfolios show a more detailed analysis of the benefits of international 

diversification. As opposed to the analysis of the simulated portfolios, proportions invested 

within domestic and foreign assets are not kept fixed. The optimal investment levels are quite 

different from those of the investment strategies of the pension funds. Domestic equity is 

dominant in the optimal portfolios both before and following the financial crisis. In the years 

2004 through 2006, domestic equity generated high returns relative to the other asset 

categories. As the stock market in Iceland collapsed in 2008, it took time to recover. In 2010, 

markets began to rise and in the following years the Icelandic stock market bounced back 

strongly, resulting in impressive returns on domestic equity. As markets have adjusted after the 

crisis it seems unlikely that the returns observed after the financial crisis can be sustained in 

the long-term. For example, in 2016 the Icelandic stock market delivered negative returns. This 

is something that pension funds should consider as long-term investors, if they are to adjust 

their investment strategies according to the results of the ex-post analysis. Another factor that 

is important to consider is that evidence shows that the assets of the Icelandic pension system 

will grow significantly in the near future (Gylfi Magnússon et al., 2017). Since the Icelandic 

pension funds already hold large ownerships in the Icelandic stock market (Gunnar 

Baldvinsson et al., 2018) it would be a matter of concern if they keep investing the same 

proportion (as stated in their annual reports) in domestic equity as their assets increase in size.  

For the years that domestic equity was not generating dominant returns, foreign bonds proved 

to be the optimal investment, being a large proportion of the optimal portfolios from 2008 

through 2012, both when assuming a floating exchange rate (with 2010 being an exception) 

and a fixed exchange rate. In 2010, when assuming a floating exchange rate, foreign bonds 

generated a negative return due to the appreciation in the ISK, hence, the optimal portfolio had 

nothing invested in foreign bonds. These results, stating that high proportions should be 

invested in foreign bonds within the Icelandic pension funds are interesting, given the fact that 

the actual investments of the pension funds in foreign bonds are only minimal. A possible 

explanation for that is that in recent years, foreign bonds have been generating a low but stable 

return in USD, on average. Only small changes towards the appreciation of the ISK could cause 

a negative return on the investments in foreign bonds. In the years 2010, 2013, and 2015 the 

ISK appreciated, which leads to low investment levels of foreign bonds in the optimal 
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portfolios. The foreign investments of the pension funds analysed have been more focused on 

foreign equity compared to foreign bonds. Even though foreign equities usually have a higher 

return, which can be considered as a buffer against the fluctuations in the ISK, equities are 

more volatile than bonds. When choosing between investing in foreign bonds or foreign 

equities, the benefits from the investment should be considered from a risk-return perspective 

as opposed to looking only at returns. When estimating the optimal portfolios, we analyse each 

year separately, which results in dramatic changes of the composition of the optimal portfolio 

between years. This is due to the fact that each year’s optimal portfolio is dependent on the 

indexes’ returns and volatilities, which fluctuate a lot between single years. Due to the long-

term focus and size of the Icelandic pension system, a complete shift between fully domestic 

investments and fully foreign investments from one year to the other does not seem realistic 

and reducing domestic investments significantly in a short period of time would have 

catastrophic consequences on the financial market in Iceland.  

To identify the optimal investment strategy that can be sustained between different years, 

without making significant adjustments, we estimated the average optimal portfolio for the 

entire research period. This approach is different from the other methods used, which analysed 

each year separately. The average optimal portfolio had nearly 50% invested in foreign assets 

when assuming a floating exchange rate. That is consistent with what other reports have stated, 

that proportion of foreign assets should be between 40% to 50% of the pension funds’ total 

assets (Ásgeir Jónsson & Hersir Sigurgeirsson, 2014) and that the Icelandic pension funds 

should have higher proportions invested in foreign assets (Gunnar Baldvinsson et al., 2018). A 

higher proportion invested in foreign assets is also consistent with foreign investments made 

within other pension systems that are similar to the pension system in Iceland. The average 

optimal portfolio, when assuming a floating exchange rate, has foreign investment levels higher 

than that of the pension system in Switzerland (40.8%) but considerably lower than what is 

observed in other countries like the Netherlands, Estonia, Slovak Republic and Finland, which 

all have a proportion of foreign investments higher than 70% (OECD, 2017b). Even though 

investing around 50% in foreign assets is considerably higher than actually observed in the 

pension funds’ investment strategies, it is relatively low in the world context and lower what 

would be implied by traditional portfolio theory. According to traditional portfolio theory, 

which assumes fully rational behaviour of investors, investors hold the world market portfolio. 

Traditional portfolio theory implies that investors hold domestic assets in the same proportion 

as their country represents in the world market portfolio (Kang & Stulz, 1997), suggesting that 
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theoretically, Icelandic investors should invest almost nothing domestically. When assuming a 

fixed exchange rate, the optimal portfolio has roughly 70% invested in foreign assets, solely in 

foreign bonds. Investing around 70% in foreign assets is closer to what is observed in the 

Netherlands, Estonia, Slovak Republic and Finland. As with the optimal portfolios for each 

year, both when assuming a floating and fixed exchange rate, the average optimal portfolio has 

considerably higher proportions invested in foreign bonds than is observable in the pension 

funds’ investment strategies. Therefore, it is striking that pension funds do not hold a larger 

proportion of their portfolios in foreign bonds.  

The results, both for the simulated and optimal portfolios are not identical when assuming a 

floating exchange rate and when assuming a fixed exchange rate. When assuming a floating 

exchange rate the volatility was generally higher compared to when assuming a fixed exchange 

rate, which can be explained by the fluctuation of the ISK. This indicates that applying an 

investment strategy that minimizes foreign exchange rate risk might lead to lower volatility of 

the pension funds’ portfolios. The risk of foreign investments can be reduced by hedging 

against the exchange rate risk. One argument for hedging against exchange rate risk within the 

Icelandic pension funds is the fact their liabilities are in ISK.  During the crisis, the ISK 

depreciated substantially, leading to significant returns on foreign investments in ISK. 

However, the pension funds had hedged their foreign investments against exchange rate risk 

prior to and during the financial crisis, and therefore, did not realize significant returns on their 

foreign assets. When making the decision of whether to hedge or not, pension funds should 

analyse the effects of exchange rate hedging as hedging is costly and not always efficient, as 

proved in 2008. Pension funds are long-term investors, so hedging against exchange rate risk, 

which is a short-term protection, might not be ideal for their long-term investments. Pension 

funds should rather aim at reducing their risk by diversifying their portfolios. From a risk 

management point of view, pension funds should try to achieve a better risk-return relationship 

by investing a higher proportion in foreign assets. This could, to some extent, provide a 

systematic protection against a shortfall in the Icelandic economy. 

Even though our findings are consistent with other studies, there are several limitations to our 

analysis. First of all, we exclude 2007 in our research period due to data limitations. Analysing 

the year 2007 would have provided an important insight into optimal investments before the 

crash. We only include five of the 25 pension funds operating in Iceland and pension funds 

differ in asset compositions, size and number of fund members. However, our analysis of the 
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optimal portfolios applies to pension funds in general, as the optimal portfolio is estimated 

based on the indexes and does not refer to an investment strategy of a specific pension fund. 

The optimal portfolios therefore provide valuable insight for the pension funds that have not 

been included. We also assume that the pension funds are able to invest in the indexes directly 

when estimating the returns and volatilities of the simulated and optimal portfolios. As the 

indexes do not fully reflect the investments made by the pension funds, the empirical analysis 

will always face the problem that it cannot fully track the actual returns and therefore not the 

actual volatilities of the pension funds’ portfolios. This limitation leads to the volatilities and 

returns of the simulated and optimal portfolios being influenced by the volatilities and returns 

of the indexes, both when assuming a floating and a fixed exchange rate. In addition, changes 

in the investment strategies of each pension fund affects the volatilities and returns of the 

simulated portfolios. When assuming a floating exchange rate, the volatilities and returns of 

the simulated and optimal portfolios are also influenced by the fluctuation in the exchange rate. 

In addition, the results are highly dependent on the indexes chosen, so choosing different 

indexes might lead to different results. The last limitation is that we use an ex-post analysis in 

our research. An ex-post analysis is based on historical data and does not forecast future 

situations. However, our results, which are based on the period from 2004 to 2016, indicate 

that the pension funds should revise their investment strategies. If they were to do so, they need 

to consider the changes in the overall investment environment that have occurred since the end 

of the research period until present day.  

As mentioned in the Methodology section, we make the assumption that there are no taxes, that 

short sales are prohibited, there are no capital restrictions and no transaction or information 

costs. Making these assumptions provides us with valuable insight into the diversification 

effects of foreign investments within the Icelandic pension funds.  

 

Future research on foreign investments within the Icelandic pensions funds could include costs 

that the pension funds bear when investing abroad, e.g. transaction costs and information costs. 

As the analysis in this thesis only applies two extreme cases of either no hedging against 

currency risk or a complete elimination of the exchange rate risk, it might be interesting to 

examine the effects of hedging foreign currencies when investing abroad. Another perspective 

to consider in further research on pension funds’ investments is to analyse the effects on 

domestic markets if the pension funds keep investing the same proportion of their assets 

domestically. Since this thesis analyses returns in nominal terms, further research could analyse 
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the returns in real terms, which might help to disentangle the impact of inflation on the pension 

funds’ returns, as inflation in Iceland has been high historically. Looking at whether assuming 

a fixed exchange rate is beneficial for Icelandic investors can be interesting and doing so would 

change the investment environment significantly. Furthermore, analysing in more details the 

effects of capital controls imposed following a crisis could be interesting, to determine whether 

capital controls conflict more damage than they do good for the pension funds in times of crisis.   

The results of our analysis show that in general over the research period, holding a larger 

proportion of foreign assets within the pension funds’ portfolios would have resulted in a better 

risk-return relationship. This was apparent both when assuming a floating and fixed exchange 

rate. Therefore, the benefits of international diversification can be increased by investing a 

higher proportion abroad. Our conclusion is therefore that pension funds should revise their 

long-term investment strategies with respect to risk diversification and place emphasis on 

increasing foreign investments within their portfolios. Our results provide us with evidence 

that the potential benefits of international diversification are present within the Icelandic 

pension funds, and that they are not fully exploited.  
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8.2 Appendix B – Pension funds’ asset compositions, returns and 

volatilities.  

 

The following tables show the asset composition of each pension fund, as stated in their annual 

reports, estimated returns and volatilities, first assuming a floating exchange rate and second, 

assuming a fixed exchange rate. The returns and volatilities are estimated assuming that the 

pension funds invest the proportions stated in their annual reports, directly in the indexes. 

Finally, the tables include the reported returns of the pension funds. Note that the year 2007 is 

excluded in the following tables as that year is not analysed in our research. The columns 

domestic bonds, domestic equity, foreign bonds and foreign equity, represent the proportion 

invested in the corresponding asset category.  

As Tables B1-B6 show, the indexes do not completely reflect the investments made by the 

pension funds as the estimated returns, both when assuming a floating exchange rate and fixed 

exchange rate, are never identical to the reported returns. However, there is one exception to 

this, since The Pension Fund of Commerce reported a return of 10.3% in 2013, which is the 

same as the estimated return assuming a fixed exchange rate.  

 

 
Table B1:  The Pension Fund for State Employees, division A. Asset composition, returns and volatilities (compiled from 

annual reports of The Pension Fund for State Employees, from 2004-2016).  

 
 
Table B2:  The Pension Fund for State Employees, division B. Asset composition, returns and volatilities (compiled from 

annual reports of The Pension Fund for State Employees, from 2004-2016). 

 

The Pension Fund for State 

Employees, division A.

Domestic 

bonds

Domestic 

equity

Foreign 

bonds

Foreign 

equity

Estimated 

return, floating 

exchange rate

Estimated 

volatility, 

floating 

exchange rate

Estimated 

return, fixed 

exchange rate

Estimated 

volatility, fixed 

exchange rate

Reported 

return

2004 51.9% 15.5% 0.9% 31.7% 8.9% 6.1% 13.1% 5.1% 13.5%

2005 55.2% 12.8% 1.8% 30.2% 10.0% 4.4% 9.4% 3.5% 18.8%

2006 49.9% 15.9% 2.8% 31.4% 12.7% 6.1% 7.7% 5.5% 18.6%

2008 64.7% 1.0% 1.5% 27.4% 9.4% 25.0% -8.5% 21.7% -11.5%

2009 65.4% 1.0% 0.8% 28.5% 17.5% 9.2% 16.3% 10.2% 11.4%

2010 70.8% 1.6% 0.4% 22.3% 10.2% 7.6% 12.4% 7.8% 5.0%

2011 71.5% 4.3% 0.3% 19.1% -9.5% 9.5% -10.8% 10.0% 6.7%

2012 68.3% 6.2% 0.1% 19.3% 3.6% 5.9% 2.5% 6.1% 13.1%

2013 64.8% 11.2% 0.0% 18.8% 5.3% 4.4% 7.8% 4.2% 10.1%

2014 62.2% 13.9% 0.0% 19.0% 11.0% 6.6% 8.8% 6.4% 8.7%

2015 59.5% 17.6% 0.0% 18.3% 7.0% 6.1% 6.6% 5.5% 9.7%

2016 69.6% 13.0% 0.0% 14.6% 1.2% 6.8% 3.3% 6.6% 4.3%

The Pension Fund for State 

Employees, division B.

Domestic 

bonds

Domestic 

equity

Foreign 

bonds

Foreign 

equity

Estimated 

return, floating 

exchange rate

Estimated 

volatility, 

floating 

exchange rate

Estimated 

return, fixed 

exchange rate

Estimated 

volatility, fixed 

exchange rate

Reported 

return

2004 62.1% 15.9% 0.7% 21.3% 9.3% 5.4% 12.2% 4.9% 13.8%

2005 59.1% 14.5% 1.4% 25.0% 10.5% 4.0% 9.9% 3.4% 19.1%

2006 52.8% 15.9% 1.9% 29.4% 11.9% 5.8% 7.3% 5.5% 18.8%

2008 65.0% 0.9% 1.5% 32.6% 9.7% 25.5% -10.1% 21.4% -14.0%

2009 59.9% 1.3% 0.8% 38.0% 19.0% 9.8% 17.4% 11.0% 12.0%

2010 63.1% 1.9% 0.5% 34.5% 8.6% 7.6% 11.7% 8.1% 4.6%

2011 67.7% 2.7% 0.3% 29.4% -8.8% 9.4% -10.7% 10.3% 7.7%

2012 63.3% 3.9% 0.1% 32.7% 5.4% 5.8% 3.8% 6.3% 15.5%

2013 57.4% 7.1% 0.0% 35.6% 6.0% 5.1% 10.3% 4.7% 11.1%

2014 50.8% 8.6% 0.0% 40.6% 11.8% 6.9% 7.3% 6.3% 12.2%

2015 50.6% 10.1% 0.0% 39.2% 3.8% 7.9% 3.0% 6.1% 7.3%

2016 51.4% 11.4% 0.0% 37.2% -1.1% 7.3% 4.2% 6.8% 0.8%
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Table B3:  The Pension Fund of Commerce. Asset composition, returns and volatilities (compiled from annual reports of The 

Pension Fund of Commerce, from 2004-2016). 

 
 
Table B4:  The General Pension Fund. Asset composition, returns and volatilities (compiled from annual reports of The 

General Pension Fund, from 2004-2016). 

 
 
Table B5:  The Cumulative Fund for Pension Rights. Asset composition, returns and volatilities (compiled from annual 

reports of The Cumulative Fund for Pension Rights, from 2004-2016). 

 
 
Table B6:  Brú Pension Fund. Asset composition, returns and volatilities (compiled from annual reports of Brú Pension 

Fund, from 2004-2016). 

 

The Pension Fund of Commerce
Domestic 

bonds

Domestic 

equity

Foreign 

bonds

Foreign 

equity

Estimated 

return, floating 

exchange rate

Estimated 

volatility, 

floating 

exchange rate

Estimated 

return, fixed 

exchange rate

Estimated 

volatility, fixed 

exchange rate

Reported 

return

2004 57.5% 17.0% 1.8% 23.7% 9.8% 5.6% 13.1% 4.9% 16.4%

2005 48.0% 22.0% 2.3% 27.7% 15.6% 4.6% 15.0% 3.9% 20.9%

2006 41.0% 24.0% 3.3% 31.7% 13.9% 6.5% 8.8% 6.4% 20.6%

2008 65.3% 1.4% 1.7% 31.6% 9.4% 25.2% -10.1% 21.3% -11.8%

2009 63.5% 1.6% 0.2% 34.7% 18.3% 9.5% 16.9% 10.6% 9.9%

2010 66.4% 3.9% 0.2% 29.5% 9.4% 7.5% 12.0% 7.8% 6.1%

2011 64.2% 8.3% 0.4% 27.1% -8.2% 9.0% -9.9% 9.9% 8.2%

2012 59.7% 11.8% 0.2% 28.3% 6.0% 5.6% 4.6% 5.9% 13.4%

2013 57.1% 16.0% 1.2% 25.7% 7.0% 4.6% 10.3% 4.3% 10.3%

2014 51.8% 19.4% 3.0% 25.8% 11.2% 6.2% 8.0% 5.8% 9.9%

2015 49.8% 24.0% 0.6% 25.6% 8.8% 6.3% 8.3% 5.4% 12.5%

2016 51.7% 22.0% 0.9% 25.4% -1.1% 7.2% 2.6% 6.9% 1.0%

The General Pension Fund
Domestic 

bonds

Domestic 

equity

Foreign 

bonds

Foreign 

equity

Estimated 

return, floating 

exchange rate

Estimated 

volatility, 

floating 

exchange rate

Estimated 

return, fixed 

exchange rate

Estimated 

volatility, fixed 

exchange rate

Reported 

return

2004 59.0% 9.0% 1.0% 31.0% 5.5% 5.8% 9.7% 4.8% 12.1%

2005 53.0% 15.0% 2.0% 30.0% 11.4% 4.5% 10.8% 3.6% 14.2%

2006 55.0% 19.0% 1.0% 25.0% 10.7% 5.6% 6.8% 5.7% 21.3%

2008 74.0% 2.0% 5.0% 19.0% 11.1% 24.1% -4.5% 22.0% -14.8%

2009 75.0% 1.0% 5.0% 19.0% 15.3% 8.7% 14.4% 9.3% 8.6%

2010 81.0% 1.0% 2.0% 16.0% 11.1% 7.8% 12.7% 7.9% 4.1%

2011 77.0% 2.0% 3.0% 18.0% -9.4% 9.5% -10.8% 10.0% 9.7%

2012 76.0% 3.0% 2.0% 19.0% 2.8% 6.1% 1.8% 6.2% 14.8%

2013 74.0% 6.0% 2.0% 18.0% 3.3% 4.4% 5.7% 4.3% 7.5%

2014 70.0% 7.4% 1.8% 20.8% 11.2% 6.9% 8.7% 6.6% 7.3%

2015 68.4% 11.6% 1.3% 18.7% 4.6% 6.3% 4.2% 5.7% 8.6%

2016 66.9% 12.1% 0.5% 20.5% 0.6% 6.7% 3.6% 6.5% 2.7%

The Cumulative Fund for 

Pension Rights

Domestic 

bonds

Domestic 

equity

Foreign 

bonds

Foreign 

equity

Estimated 

return, floating 

exchange rate

Estimated 

volatility, 

floating 

exchange rate

Estimated 

return, fixed 

exchange rate

Estimated 

volatility, fixed 

exchange rate

Reported 

return

2004 67.5% 14.5% 0.0% 18.0% 8.7% 5.2% 11.0% 4.8% 11.6%

2005 60.5% 17.5% 1.0% 21.0% 11.9% 3.9% 11.5% 3.5% 14.1%

2006 61.5% 13.5% 1.0% 24.0% 9.7% 5.3% 6.0% 5.1% 10.1%

2008 72.5% 2.5% 1.5% 23.5% 7.5% 24.3% -7.2% 22.1% 0.3%

2009 71.5% 1.5% 1.0% 26.0% 16.6% 9.0% 15.5% 9.9% 12.7%

2010 83.0% 4.0% 0.0% 13.0% 11.9% 7.9% 13.1% 8.0% 6.4%

2011 78.0% 5.0% 0.0% 17.0% -9.8% 9.7% -10.9% 10.0% 8.3%

2012 73.0% 9.0% 0.0% 18.0% 3.5% 5.9% 2.6% 6.1% 12.1%

2013 69.0% 11.0% 0.0% 20.0% 5.2% 4.4% 7.6% 4.3% 10.1%

2014 66.2% 13.0% 0.0% 20.8% 11.1% 6.7% 8.8% 6.5% 7.8%

2015 62.9% 15.9% 0.0% 21.2% 6.1% 6.2% 5.7% 5.6% 8.8%

2016 63.5% 15.1% 0.0% 21.4% 0.3% 6.8% 3.3% 6.6% 1.9%

Brú Pension Fund
Domestic 

bonds

Domestic 

equity

Foreign 

bonds

Foreign 

equity

Estimated 

return, floating 

exchange rate

Estimated 

volatility, 

floating 

exchange rate

Estimated 

return, fixed 

exchange rate

Estimated 

volatility, fixed 

exchange rate

Reported 

return

2004 71.7% 2.1% 0.6% 25.6% 2.0% 5.5% 5.4% 4.6% 9.3%

2005 68.1% 5.1% 0.9% 25.9% 4.6% 3.9% 4.1% 3.2% 11.5%

2006 62.3% 4.4% 1.9% 31.5% 11.1% 6.1% 6.2% 4.9% 15.1%

2008 69.4% 2.3% 1.4% 26.8% 7.8% 24.5% -8.6% 21.6% 2.5%

2009 71.3% 3.1% 2.2% 23.4% 15.7% 8.8% 14.7% 9.6% 10.0%

2010 76.9% 4.2% 0.6% 18.3% 11.0% 7.6% 12.7% 7.8% 3.9%

2011 72.5% 8.0% 1.2% 18.3% -8.9% 9.2% -10.1% 9.7% 9.0%

2012 74.3% 7.5% 1.1% 17.1% 3.2% 5.9% 2.3% 6.1% 8.8%

2013 73.3% 10.4% 0.0% 16.3% 4.5% 4.3% 6.5% 4.3% 8.5%

2014 72.9% 13.3% 0.0% 13.8% 10.8% 6.8% 9.3% 6.7% 5.7%

2015 69.9% 16.0% 0.0% 14.1% 6.2% 6.1% 6.0% 5.8% 11.6%

2016 70.7% 14.5% 0.0% 14.8% 1.1% 6.8% 3.2% 6.7% 1.8%
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8.3 Appendix C – Other figures 

 

 
Figure C1:  Price and yield of a 10-year Iceland government bond index. 

Note: Price data is missing for the year 2007 and therefore the graph shows a straight line from 2006 to 2007.  

 
 Figure C2:  Exchange rate, USD to ISK.   

Note: This figure shows the evolution of exchange rate between USD and ISK. 
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