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Some financial institutions have begun marketing FX indices to institutional investors based on 

non-discretionary trading strategies that are unaffected by the biases of individual traders (Hafeez 

and Folkerts-Landau, 2006; Merril Lynch, 2007).  They argue strong performance from historical 

back-testing and one of the institutions even name the title of their paper, “Currencies: Pensions 

Saviour” (Hafeez and Folkerts-Landau, 2006). The ulterior motives of these institutions, however, 

give rise to scepticism regarding these results, in particular in regards to data mining issues and 

selection biases. In this paper we investigate whether investing in non-discretionary FX-strategies 

would in fact improve the portfolio performance of Danish institutional investors.  

To overcome the potential problems with the existing FX indices, the authors create an index of FX 

returns, based on three non-discretionary investment strategies with the roots in a review of the 

literature on the returns in the foreign exchange markets: 

1) A PPP strategy, based on the empirical evidence that exchange rates indeed revert 

towards a PPP equilibrium. 

2) A Carry strategy, based on the empirical evidence that uncovered interest parity does 

not hold. 

3) A Technical strategy, based on the empirical evidence that exchange rates trend and 

that past exchange rate changes are useful in predicting future exchange rate changes.   

The strategies are conducted for the G10 currencies for reasons of liquidity and economic stability.  

The currency positions are readjusted monthly or quarterly to be able to respond to changing market 

conditions. The analysis is conducted from January 1980 to March 2008. For the portfolio analysis 

the primary asset classes for the Danish institutional investors were defined as 1) a Danish bond 

portfolio 2) a Danish stock portfolio 3) a global stock portfolio and 4) a global bond portfolio. The 

portfolio analysis was conducted in a modern portfolio theory framework. 

The initial results from the main analysis were very positive. The FX index provided superior risk 

adjusted returns to and exhibited very little correlation with the returns of the traditional asset 

classes considered by Danish institutional investors. Also the FX index as well as its underlying 

strategies generated positive and significant Jensen‟s Alpha (at the 1% level for the FX index). The 

FX index should have played a significant part of the optimal portfolio (over 27%) even after 

constraining the analysis to better reflect the investment pattern of the Danish institutional investor.  

Executive summary 
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Conducting the sensitivity analysis revealed a different picture. Generally positive was the findings 

that 1) portfolio weights assigned to the FX-index were largely stable over time 2) the favorable 

correlations of the FX index did not change in bull and bear stock markets. Applying estimated 

transaction costs of 0,16% per round trip to the analysis, changed the positive  results achieved 

earlier considerably. The risk adjusted return of the FX index was now no longer superior to the 

indices of a Danish bond and a Danish stock portfolio. The Jensen‟s Alpha generated by the 

individual FX strategies was no longer significant. The Jensen‟s Alpha of the FX index was, 

however, still significant at the 10% level.  

In spite of the above the FX index still managed to hold its own in portfolio optimization. After 

incorporating the authors estimate of transaction costs the FX index still should have constituted 

14,0-17,1% of the optimal portfolio more than the holding in both Danish stocks and global stocks. 

With the transaction cost estimates of other authors, 0,1% (Lebaron,1999) and 0,05% (Cheung and 

Osler, 1999),  the weights to assign to FX would have been between the 19,2% and 25,2%. The 

authors attribute the positive result from portfolio optimization after incorporating transaction costs 

to the key strength of investments in non-discretionary FX strategies: Risk diversification.  

While the FX index was able to hold its own in portfolio optimization even after incorporating 

transaction costs, the sensitivity of the results to changes in transaction costs are considerable. For 

this reason transaction costs are the main threat to the performance of non-discretionary FX 

strategies. Another caveat of the returns from non-discretionary FX strategies is that they do not 

appear to be normally distributed. The returns from the FX index and the underlying strategies 

exhibited high excess kurtosis, and for the carry strategy, negatively skewed return 

Based on the analysis we conclude that investing in non-discretionary FX strategies would improve 

the portfolio performance of Danish institutional investors. While risk-adjusted may not be 

necessarily superior, the diversification benefits appear substantial, also in times of bear stock 

markets. We find that a portfolio holding of approximately 15% in a set of non-discretionary FX 

strategies, potentially more depending on transaction cost assumptions, would optimize the 

portfolio performance of Danish institutional investors. Careful analysis, however, of the 

transaction costs and the impact of non-normally distributed risk should be conducted before 

incorporating a set of non-discretionary FX strategies into the portfolio.  
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1.1 Introduction 

In this part we aim to introduce the thesis. In 1.2 we will introduce the topic of the thesis. In 1.3 we 

will define the thesis problem. In 1.4 we will describe the demarcation of the problem. In 1.5 we 

will describe the limitations of the thesis and in 1.6 we will describe the thesis structure. 

1.2 Topic 

Come 2009 several Danes will probably be disappointed when they open one particular piece of 

mail: The return statement from their pension fund for 2008. As of the writing of this paper we are 

in the midst of a financial crisis and the traditional asset classes (stocks, bonds and real estate) of 

the Danish Pension Funds are all performing badly:  The OMX index has fallen to 2004 levels 

down almost 50% from its high in 2007 (Venderby, 2008); Real estate prices have in Denmark 

plummeted, and existing bonds are losing value as market interest rates, inflation and credit risk 

increases (Nielsen, 2008). 

While Danish pension funds will argue, correctly, that they have a well-diversified portfolio within 

the primary asset classes that most individual investors could not easily imitate and maintain, 

several of them must be asking themselves the following questions:  

 Are the portfolio well diversified between asset classes? 

 Is a stock/bond/real estate portfolio really the best composition of asset classes to guarantee 

a favorable return on the customers investment? 

Deutsche Bank is trying to convince pension funds that the answer to those two questions is no. 

Currencies: the savior of pension funds? 

In a pioneering, and for the authors very inspirational, industry paper Hafeez and Folkerts-Landau 

(2006), create a non-discretionary rule based index of FX returns based on three currency 

investment strategies (Valuation, Momentum, Carry), and show that the FX index 1) creates 

systematic risk-adjusted returns in the long run, 2) creates returns which exhibit low correlation 

with stocks and bonds 2) should constitute a significant part of an optimal portfolio (over 20%). The 

paper is duly named “Currencies: Pension Saviour” and is in essence a marketing vehicle with the 

purpose to convince institutional investors that investing in FX strategies improve their portfolios.

  

Part 1: Thesis introduction  
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On March 27, 2007, Deutsche Bank (Deutsche Bank, 2008) followed up on the paper by launching 

a tradable index (The Deutsche Bank Currency return index, DBCR) based on the strategies 

explained in Hafeez and Folkerts-Landau (2006). Five days prior to this Merril Lynch launched its 

ML FX Clone index for trading (Merril Lynch, 2007), which is also based on three currency 

investment strategies (Momentum, Carry and Dollar), two of which are similar to those in the 

DBCR. Merril Lynch also speaks very favourably of the results from back testing their index.  The 

strong points of these indices are that they are non-discretionary and rule based, i.e. not influenced 

by potentially irrational expectations of individual currency traders.  

Ulterior motives 

While the above indices are interesting and potentially valid, they suffer from the fact that they are 

in reality created for profit making purposes on the part of the financial institutions.  With this 

ulterior motive in mind, as well as the fact that it is not completely apparent what data has been 

utilised to create the favourable historic performance, the institutional investors should approach the 

favourable back-testing of the indices with scepticism. In particular data mining issues are abundant 

in the selection of the initial strategies for which back-testing has been performed. While Hafeez 

and Folkerts-Landau (2006) is a well structured and documented industry paper, there is a risk that 

the strategies chosen has been the process of data mining to find strategies which historically 

performed well, hence improving the marketing value of the paper. 

Danish Institutional Investors today 

From 2002 to 2007 Danish institutional investors invested an average of a little over 5% of the total 

portfolio, in alternative asset classes
1
 such as hedge funds. Clearly, Deutsche Bank has some 

convincing to do if they are to persuade Danish Institutional Investors of to invest 20% or more in 

FX as an asset class. 

  

                                                             
1
 Other than bonds, stocks and real estate, see also table 9 on page 66. 
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1.3 Problem 

If Danish institutional investors are to accept FX investments as an asset class in line with stocks 

bonds and real estate, there is clearly a need for independent research. With that in mind we define 

the following problem for the thesis: 

 

To answer this question we will:  

A) Review the existing literature on returns in the foreign exchange markets 

It is imperative to understand the workings of FX markets if an investor is to create any kind of 

investment strategy. Because of the sheer size of this field the authors will evaluate which fields 

have the most relevance for the creation of non-discretionary FX strategies, and focus on these 

B) Create an index of FX returns based on a set of non-discretionary FX investment strategies 

with their roots in the empirical and theoretical literature in the field. 

The authors wish to create their own index as 1) existing indices may be biased or discretionary 

(e.g. trader indices) 2) this will allow the reader full insight into the decision rules (and potential 

biases on part of the authors) behind the strategies 3) The reader can recreate these indices as the 

data used in this paper is publicly available. 

C) Analyze the historical performance of the FX index in a portfolio setting. 

The primary focus here will be on 1) Returns and correlations of the returns with existing asset 

classes 2) whether the asset class in general is over/undervalued 3) portfolio weights  

D) Analyze the sensitivity of the results.  

The initial results will be tested for 1) the stability of the portfolio weights over time 2) the stability 

of the correlations during bull/bear stock markets 3) impact of transaction costs on performance 4) 

distributional characteristics. 

“Would investing in non-discretionary FX strategies improve the performance of the 

portfolios of Danish institutional investors?” 
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1.4 Demarcation 

In following we will like to outline some key areas which this paper will not focus on, in 

answering the problem. 

 

1) Danish institutional investors, in particular pension funds, have a need to ensure that they 

are able to meet their future obligations. In particular a major concern is to ensure that the 

interest rate sensitivity of their investment portfolio matches the interest rate sensitivity of 

their future obligations. This exercise is known as duration and convexity hedging and will 

influence significantly the investment decisions of the institutional investor, in particular it 

will influence the composition of the institutional investors bond portfolio. In this paper we 

focus on the mean/variance optimization of the investor‟s portfolios, hence not taking into 

account the above.  The reader who wishes to familiarize him/herself with these issues can 

read Choudhry (2003). 

2) We are in this paper not trying to create FX strategies which are optimal, rather we are 

trying to create a set of simple transparent strategies, based on existing literature and 

publicly available data.  

3) We are not trying to prove or disprove the validity of theories used in this paper to create 

investment strategies. Rather we are trying to investigate whether existing literature can be 

used to create profitable trading strategies. 

1.5 Limitations 

In this section we will describe the weaknesses and limitations which are present in this paper. 

Selection bias and data snooping 

In creating the FX strategies and index it can be argued that there is a degree of selection bias and 

data snooping. For the purpose of the analysis it was necessary to select the range of currencies, the 

data period and specify the decision rules of the FX strategies. These choices were based on 

existing literature as well as our best objective judgement of what a Danish institutional investor 

would rationally consider. Furthermore, as outlined in the demarcation it has not been our intention 

to optimize the FX strategies because we wanted to create a simple set of strategies based on 

existing literature and public available data. In terms of any suspicion of data snooping, we tried to 
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limit such effects by e.g. including four periods in the Technical strategy and carefully explaining 

the data and the rationale behind the strategies created. 

Data limitations 

The FX index created in this paper is not directly tradable due to the data it is based on. 

However, we are confident that it closely resembles the return and performance a Danish 

institutional investor could have achieved. The weaknesses are related to the following data: 

 OECD‟s PPP values and interest rates 

The OECD PPP values used in the paper are assumed to be end of quarter values, although 

some might be average values. See data section for further details.  

 Flat term structure/Interest rate differential 

The interest rates used from OECD are three month interest rates. We have used these interest 

rates to calculate one month interest rates assuming a flat term structure, or at least that the 3-

month interest rate differential (in yearly terms) between two countries interest rate is the same 

as the 1-month interest rate differential (in yearly terms).  

 Execution of strategies 

The execution of the strategies created in this paper assumes that it can be done at end of month 

values. In reality there is a small implementation lag because the investor needs to update the 

strategies and change positions accordingly.  

 Combination of data sources 

It has been necessary to combine data sources, where data has not been available back to 1980. 

Please see data section for details. 
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1.6 Thesis Structure  

In the following we will describe the structure of the thesis. The thesis consists of seven parts. The 

first part, the thesis introduction, aims to introduce the topic, problem and structure. In part 2 we 

will describe the mathematical framework utilized in later sections, as well as describe the data. In 

part 3 we will present the review of relevant literature. In part 4 we will describe the creation of the 

non-discretionary FX strategies and the FX index. In part 5 we will describe the results from the 

portfolio analysis of the FX index. In part 6 we will conduct sensitivity tests of the findings in part 

5. And finally in part 7 we will provide our main conclusion on the thesis problem and provide 

suggestions for future research. 
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2.1 Introduction 

In the following we will describe the relevant methodology for the parts to come. In section 2.2 we 

will describe the portfolio methodology.  In section 2.3 we will describe the data used in this paper 

and in section 2.4 we will provide some important definitions for future reference.   

2.2 Modern portfolio theory (MPT) 

2.2.1 Characteristics of portfolios in general
2
 

Expected return 

The expected return on a portfolio of risky assets is simply the weight invested in each asset times 

the expected return of each asset. Mathematically for a portfolio with i assets: 

Equation 1:   
iip REwREwREwRE )(....)()()( 2211   

Where E(R)i and wi is the expected return on asset i and the weight invested in asset i, respectively. 

Volatility 

The volatility of the return on a portfolio is measured by the variance and standard deviation of the 

returns. The variance of the return on a portfolio is the squared differences between expected return 

and actual return. Mathematically:  

Equation 2:    222112211

2 ))(....)()(()....( iiiip REwREwREwRwRwRw    

Where Ri is the actual return on asset i in the period. Squaring out the terms in equation 2 and 

simplifying: 

Equation 3:  

Where  ))(( kkijjijk RRRRE   is the covariance of asset j with asset k.  

Hence the variance of a portfolio depends on the variance of each asset in the portfolio plus the 

covariance of each asset pair. The standard deviation of a portfolio is simply the square root of the 

variance or mathematically: 

                                                             
2
 We refer to  Elton et al (2007) for mathematical proof of the equations showed in this part as well as sources on the development of modern 

portfolio theory. 
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Equation 4:   

Correlations and the correlation coefficient 

A centrepiece in the discussion of FX as an asset class is its correlations coefficients with other 

assets. Here we will briefly introduce the concept of correlation coefficients and its importance for 

portfolio construction. 

The correlation coefficient between asset i and k is defined as follows: 

Equation 5: 
ki

ik

ik



    

The correlation coefficient between i and k is simply the covariance of i and k divided by product of 

standard deviation of i and k.  The correlation coefficient is by construction always between -1 and 

1.  

 

As graph 1 illustrates when the correlation coefficient is equal to –1, all risk can be diversified 

away. In other words as soon as correlations coefficients are below 1 there is a discount on risk 

which can be reaped through diversification. This is why correlations coefficients are at the core of 

the portfolio discussion. 
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The main assumptions of MPT 

The two main assumptions of modern portfolio theory (see e.g. Elton et al (2007)) are that: 

1) Variance is a relevant measure of risk. 

2) Returns of assets are normally distributed. 

The main critics of MPT argue that returns that returns in asset markets are frequently not normally 

distributed and that variance is not a relevant measure of risk. Some argue instead that a post-

modern portfolio theory framework, taking into account non-normally distributed risk is more 

appropriate (see e.g. Swisher and Kasten, 2005).  Keeping these assumptions and critique in mind 

the author still find that the tools provided by the MPT framework will be instrumental in 

investigating the thesis problem. 

2.2.2 Portfolio optimisation 

The tangency portfolio 

In constructing optimal portfolios in the next part we will be applying optimisation techniques 

based on unlimited borrowing and lending. It can be shown that the optimal fraction to invest in 

each risky asset can be found by maximising the slope of the tangent, the capital market line 

(CML), from the risk free rate to the efficient frontier. The closed form solution for the optimal 

portfolio with no constraints are (Elton et al, 2007): 

2

2211

2

2

221212

1122

2

111

....

.....

....
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nNnnfn

nNf

nNf

ZZZRR

ZZZRR
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Where 
iR  is the expected return. Solving for the Zs and recognizing that 




N

I

ikk ZZw
1

/ , with wk 

being the fraction invested in asset k, allows for the solving of an optimal portfolio in risky assets. 

In this framework the investor will always invest this optimal portfolio and combine it with 

borrowing and lending to suit his specific risk/return characteristics. We use the above framework 

in the following to solve for the optimal portfolio, and we will in general use it as an indicator of the 

optimal fraction of risky assets in the portfolio setup. 
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The minimum variance portfolio 

The portfolio which provides the lowest risk of any possible portfolio composition is called the 

minimum variance portfolio. The minimum variance portfolio can be derived by solving the 

following problem 

Minimise  

 

 

 

 

Subject to 

    𝑤𝑖 = 1

𝑛

𝑖=1

 

2.2.3 Efficient portfolios and the efficient frontier 

The efficient frontier is the series of portfolio compositions for which it is not possible for any other 

portfolio composition to achieve a higher return for a given standard deviation. 

Deriving the efficient frontier when we have two efficient portfolios, such as the minimum variance 

portfolio and the optimal portfolio, is straightforward.  It can be shown that all portfolios on the 

efficient frontier are a function of the weights two efficient portfolios (say portfolios x and y)   

𝑎x +  1 − 𝑎 𝑦 

Where a is any constant and x= {wx1,…, wxn} and y= {wy1,…, wyn},  are respective weights of 

portfolios x and y in the risky assets 1 to n. 
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2.2.4 Optimizing under constraints  

When finding optimal portfolios with various restrictions there is no closed form solution such as 

equation 6. Instead we use numerical optimisation programming to find the solution. We refer to 

(Benninga, 2000) for more on the programming techniques for portfolio optimisation. 

The following main optimisation problem is solved: 

Maximise 

  
𝐸(𝑅𝑃−𝑅𝑓 )

𝜎𝑃
  

Subject to 

    𝑤𝑖 = 1

𝑛

𝑖=1

 

The reader familiar with portfolio theory will recognize immediately that 
𝐸(𝑅𝑃−𝑅𝑓)

𝜎𝑃
  is the slope of 

the tangent from the risk free rate to the efficient frontier.  

2.2.5 CAPM 

The Capital Asset Pricing Model is a method for dividing risk into market risk which is priced and 

unique risk which can be diversified away (see e.g. Elton et al, 2007). It is based upon the concept 

of the optimal portfolio (market portfolio), which every investor should hold. The investor is only 

concerned with receiving compensation for the market risk of an asset and not its unique risk.  The 

CAPM in its original form looks as follows: 

 𝑅𝑖 = 𝑅𝑓 + 𝛽𝑖(𝑅𝑚 − 𝑅𝑓) 

The expected return of an asset i depends on 1) the risk free rate and 2) the excess return of the 

market portfolio (Rm-Rf) 3) its market risk 𝛽𝑖  which is defined as follows: 

 𝛽𝑖 =
𝐶𝑜𝑣 𝑅𝑖,𝑅𝑀 

𝑉𝑎𝑟 𝑅𝑚  
 

The CAPM provides a means of estimating whether an asset is overpriced or underpriced in terms 

of its market risk. We have illustrated an overpriced an underpriced asset in graph 3 below. 

The overpriced produces a lower return than what the CAPM model would predict given its beta 

and the opposite is true for the underpriced asset. Investors should short the overpriced asset and go 

long the underpriced asset until the returns are on the capital market line (Elton et al, 2007). 
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2.2.6 Performance measurement 

As part of the evaluation of FX as an asset class we employ two well known performance 

measurement indicators: The Sharpe Ratio and Jensen´s Alpha. We refer to Elton et al (2007) for 

more on performance measurement. 

Sharpe ratio 

The Sharpe ratio is defined as the expected excess return of an asset over the risk free rate divided 

by the standard deviation of the asset. This is a relevant measure since in a traditional portfolio 

optimization framework this is in fact what we are trying to maximize. Mathematically the Sharpe 

ratio for asset i is defined as follows: 

𝑆𝑎𝑟𝑝𝑒𝑖 =
𝐸(𝑅𝑖 − 𝑅𝑓)

𝜎𝑖
 

Jensen´s Alpha 

Jensen´s Alpha is a performance indicator based upon the CAPM. Jensen´s Alpha subtracts 

expected return, given by the CAPM, from realized return to give an indication of over-

performance/underperformance. Mathematically Jensen´s Alpha is defined as follows: 

𝐽𝑒𝑛𝑠𝑒𝑛𝑠 𝛼 = 𝑅𝑖 − (𝑅𝑓 + 𝛽𝑖 𝑅𝑚 − 𝑅𝑓 ) 

In order to estimate the significance of Jensen Alpha the following regression is conducted 

 𝑅𝑖 − 𝑅𝑓 = 𝛼𝑖 + 𝛽𝑖 𝑅𝑚 − 𝑅𝑓 + 𝜇 

Where α and β are the parameters to be estimated and µ is the random error term. 
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2.3 Data 

2.3.1 Introduction 

In the following we will describe the data employed in later sections. We will group the data in 

terms of the sections in which it is being used to allow the reader easy reference at later points.  

2.3.2 Data used in part 4: Creation of the FX index 

Exchange rate data: 

All exchange rate observations are nominal middle rates observed at the end of the month. All 

exchange rate data is gathered from December 1979 to march 2008. All other exchange rates used 

in the calculations in this paper are crosses of the exchange rates below. Unless otherwise indicated 

all exchange rates are published by the Federal Reserve Bank of New York (5pm. NY time), and 

gathered through Datastream.  

Euro/United States dollar Exchange rate 

We use Datastreams US dollar to Euro nominal exchange rate, which has a synthetic USD/Euro 

exchange rate for the period before 1999. The data was obtained through Datastream Advance. DS 

mnemonic USEURSN. 

Swiss franc/United States dollar exchange rate 

We use the nominal Swiss franc/US dollar exchange rate. DS mnemonic U$SFFR2. 

Swedish krone/ United States dollar exchange rate  

We use the nominal Swedish krone/US dollar exchange rate. DS mnemonic U$SKFR2. 

Norwegian krone/ United States dollar exchange rate   

We use the nominal Norwegian krone/US dollar exchange rate. DS mnemonic U$NKFR2. 

Japanese yen/ United States dollar exchange rate  

We use the nominal Japanese yen/US dollar exchange rate. DS mnemonic U$Y.FR2                                              

Danish krone/United States dollar exchange rate  

We use the nominal Danish krone/US dollar exchange rate. DS mnemonic U$DKFR2 

Canadian dollar/United States dollar exchange rate 

We use the nominal Canadian dollar/US dollar exchange rate. DS mnemonic U$C$FR2 
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United States dollar/British pound exchange rate 

We use the nominal United States dollar/British pound exchange rate. DS mnemonic UKU$FR2 

United States dollar/New Zealand dollar exchange rate   

We use the nominal United States dollar/New Zealand dollar exchange rate. DS mnemonic 

Z$U$FR2 

United States dollar/Australian dollar exchange rate 

We use the nominal United States dollar/Australian dollar exchange rate. DS mnemonic A$U$FR2 

Short term interest rates  

We primarily use the G10 countries short term interest rates as defined by OECD. OECD‟s short 

term interest are “ calculated as the average of weighted or unweighted arithmetic rates relating to 

all days or specified days in the month or they refer to a day at or near month‟s end”(OECD, 

2008a).  We use OECD‟s short term interest rates as end month rates.  In cases where the OECD 

data did not fully cover the December 1979 – March 2008 period, we supplemented with short-term 

interest rate data from other sources.  

Australian interest rates 

For Australian interest rates, only OECD short-term interest rates were used. OECD provides the 

Reserve Bank of Australia (RBA) as its direct source and defines the data as follows: “Data refer to 

the estimated closing yields on 90-day bank accepted bills” (OECD, 2008b). 

Canadian interest rates 

For Canadian interest rates, only OECD short-term interest rates were used. OECD provides the 

Bank of Canada as its direct source and defines the data as follows: “Data refer to the Bank of 

Canada's estimates of operative market trading levels for major borrower's paper (90-day corporate 

paper)” (OECD, 2008c).  

Japan interest rates 

For Japanese interest rates, only OECD short-term interest rates were used. OECD provides the 

Bank of Japan as its direct source and defines the data as follows: “Data are average interest rates 

on new issues of certificates of deposit by city banks, long-term credit banks and trust banks with 

maturities of between 90 and less than 120 days. These certificates are large negotiable CDs sold 

mainly to non-financial enterprises and local governments” (OECD, 2008d). 
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New Zealand interest rates 

For New Zealand interest rates only OECD short-term interest rates were used. OECD provides the 

Reserve Bank of New Zealand as its direct source and defines the data as follows: “Data refer to the 

average of market rates at 11 a.m each day for bank bills with approximately 90 days to maturity”  

(OECD, 2008d). 

Norwegian interest rates 

For Norwegian interest rates only OECD short-term interest rates were used. OECD provides the 

Bank of Norway as its direct source and defines the data as follows: “3-month NIBOR are euro-

krone interest rates based on monthly averages of quoted daily selling rates for five big banks” 

(OECD, 2008e). 

Swedish interest rates 

From December 1979 to December 1981 the short term interest rate is defined as the discount rate 

of the Swedish Riksbank. From January 1982 and thereafter the OECD short terms interest rates are 

used which quote the Bank of Sweden as its direct source and defines the data as follows: “Data 

refer to the yield on 90-day Treasury bills (discount notes)” (OECD, 2008f). 

Swiss Franc interest rates 

For Swiss interest rates only OECD short-term interest rates were used. OECD provides the Swiss 

national bank as its direct source and defines the data as follows: “Data refer to 3 month LIBOR 

rates” (OECD, 2008g). 

British Interest rates 

For British interest rates only OECD short-term interest rates were used. OECD provides the Bank 

of England as its direct source and defines the data as follows: “The monthly rates are the mean 

over the month of the bid and offered rates observed daily at about 10.30 am for sterling deposits”  

(OECD, 2008h). 

United States interest rates 

For United States interest rates only OECD short-term interest rates were used. OECD provides the 

Federal Reserve Board as its direct source and defines the data as follows: “Data refer to the rate on 

3-month nationally traded certificates of deposit issued by commercial banks” (OECD, 2008i). 
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Euro-area interest rates 

From December 1979 to December 1993 we use ECU-3 month deposit rates as a proxy for the euro 

short-term interest rate. The data was gathered via Eurostat, and the interest rates are monthly 

averages based on daily data. We use the ECU-3 month deposit rates as end rates. From January 

1994 and thereafter we use the OECD Short-term interest rate which provides the European central 

bank as its source and defines the data as follows:  

“Data is referring to the evolving composition of the Euro area. Data prior to 2001 refer to EU11 

(Belgium, Germany, Ireland, Spain, France, Italy, Luxembourg, the Netherlands, Austria, Portugal 

and Finland). Data from 2001 to 2006 refer to EU12 (EU11 plus Greece). Starting in January 2007, 

data refer to EU13 (EU12 plus Slovenia). The 3-month "European Interbank Offered Rate" is the 3-

month interbank rate offered between major banks trading in Euros. The rate is calculated on the 

basis of an average of lenders' rates supplied by a sample of the 57 most active banks trading in 

Euros. Calculated on a 360 day basis, it is released at 11.00 a.m. providing at least 50% of banks in 

the sample have submitted data. The average is calculated after elimination of 15% of the extreme 

values and expressed to 3 decimal places. Monthly data are daily averages. Quarterly and annual 

data are averages of the monthly figures”, (OECD, 2008j). 

Relative price levels 

All countries except the Euro area 

For all the G10 countries except the Euro area we have employed only the OECD Purchasing Power 

Parities as the measure of relative price levels. The OECD PPPs measure the “rate of currency 

conversion that eliminate the differences in price levels between countries”. The PPPs are given in 

national currency units per US dollars. For further information regarding the PPPs calculated by 

OECD (see OECD, 2008k). The Data was only available on quarterly basis and was extracted 

through OECD.STAT. 

The Euro Area 

For The US/Euro relative price levels we use Datastream‟s, Purchasing power parity rate – US 

Dollars to 1 Euro, Which measures the amount of the US dollars necessary to achieve the same 

purchasing power as one Euro.  The data is average monthly observations, but has been extracted as 

quarterly data to match the OECD relative price levels. This data is unfortunately only available 

from January 1985 to March 2008.  DS Mnemonic EMPPIUSM 
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2.3.3 Data used in part 5: Portfolio optimization 

In the following we will describe the data involved in part 5: portfolio optimization. Unless 

otherwise specified all data is monthly data and end of month observations. 

Global stock index  

As a proxy for the performance of a globally diversified stock portfolio the MCSI World index is 

used. MSCI World index is designed to measure the value weighted performance of the global 

developed equity markets. It is designed as a free float-adjusted market capitalization index (Elton 

et al., 2007). The index includes securities from 23 countries. The monthly total return index in 

Danish Kroner were extracted from Datastream from December 1979 to March 2008. DS 

Mnemonic MSWRLD$ (RI~DK). 

Danish stock index 

As a proxy for the performance of a diversified portfolio of Danish stock index we use the KFX  

total return index from Datastream. The monthly total return index in Danish Kroner were extracted 

from Datastream from  December 1979 to March 2008.  DS Mnemonic DKKFXIZ (RI) 

Danish bonds Index 

The Danish bonds index is constructed using two indices. From January 1986 to March 2008 the 

JPM Denmark government total return index is used as a proxy for the performance of a Danish 

bond portfolio. DS Mnemonic JPMDKDK(RI). From Januar 1980 to December 1985 no relevant 

indices capture the performance of a Danish bond portfolio. For that period we use the one month 

zero coupon rates for Danish bond market derived by Tangaard and Engsted (1994) using a cubic 

spline method. While these coupon capture the development in the market they will never produce a 

negative return, and for this reason they positively bias the performance of the Danish bond index 

from 1980 to December 1985. 

Global bond index 

The Lehman Bond Composite Global Index is used as a proxy for the performance of a globally 

diversified bond portfolio. The index is made up evenly off the Lehman U.S Government Bond 

Index, the Lehman Investment Grade Corporate Bond Index, the Lehman Mortgage Backed Bond 

Index and the Lehman Majors Ex-US Government Bond Index. The data was extracted from 

Bloomberg. 



November, 2008 KIM NYDAHL GRØNLUND & RUNE LINNEBOE PEDERSEN 

 

Part 2: Methodology  Page 25 of 106 

 

Risk free rate 

We use two data sets to create the index of the risk free rate. From December 1979 to may 1988 we 

use the Danish Discount rate (Diskontoen) as published by the Central bank of Denmark and 

extracted from Datastream (Ds mnemonic  DNDISCR). From June 1988 to March 2008 we use the 

1-month interbank rate. Data was derived from Datastream. DS Mnemonic CIBOR1M. 

 

2.3.4 Data used in part 6.4: Transaction costs 

In this part we will describe the data used to estimate the transaction costs in part 6.4. All exchange 

rates data sets below were gathered from January 1985 to July 2008. Both bid and ask rates were 

gathered. All observations are end of month observations.  

Swiss franc/ United States dollar exchange rate 

Barclay Banks Swiss franc to USD exchange rate was used. DS Mnemonic BBCHFSP 

Canadian dollar/ United States dollar exchange rate 

Barclay Banks Canadian to USD exchange rate was used. DS Mnemonic BBCADSP 

United States dollar/ Japanese Yen exchange rate 

Barclay Banks Japanese Yen to USD exchange rate was used. DS Mnemonic BBJPYSP 

United States dollar/ British Pound exchange rate 

Barclay Banks United States Dollar to British Pounds used. DS Mnemonic BBGBPSP 

Swedish krone/United States dollar exchange rate 

Barclay Banks Swedish Krone to USD exchange rate was used. DS Mnemonic BBSEKSP 

Norwegian krone/United States dollar exchange rate  

Barclay Banks Norwegian Krone to USD exchange rate was used. DS Mnemonic BBNOKSP 
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2.4 Excess returns, total returns and definitions 

Excess and total return 

In the following part we will explain the returns used in the data analysis as well as the 

methodology. A return of an exchange rate position consists of 1) the change in the exchange rate 

and 2) the interest rate differential between the two countries.  

)()/ln( 1 Hftt IIEER     

The return of such position in our framework is given in excess returns, as an investor is borrowing 

in one currency and deposit the borrowed money in a foreign currency, hence a fully leveraged 

position. The resulting profit and loss from this fully leveraged position is converted back to Danish 

kroner as we work with a Danish institutional investor. In the portfolio analysis it is necessary to 

use total returns. For that purpose we add the risk free rate to the excess returns of the individual FX 

strategies.   

To understand why this is appropriate consider the following hypothetical example. Assume an 

investor has 100 DKK. The investor has the choice of investing the money in the stock market or in 

an FX strategy. If investing in the stock market the investor would have to use the 100 DKK to 

purchase stocks. However, if investing in an FX strategy where the investor has to e.g. borrow 

Swiss franc equivalent to the DKK, exchange the Swiss franc to US dollar, deposit the US dollar in 

the money market, convert the proceeds in US dollar to Swiss franc and repay the loan. This yields 

a profit or a loss which is converted back to DKK. This position never involved the initial 100 DKK 

the investor had, which means that the investor can deposit the 100 DKK in the bank and earn the 

risk free rate. Therefore the return of the FX strategy consists of the risk free rate and the return of 

the FX strategy. 

 

Definition of exchange rates and long and short positions 

In the following we will define how exchange rates and long and short positions should be 

interpreted in this paper. An exchange rate, e.g. USD/NZD, states how many USD it takes to buy 

one NZD. A long position in USD/NZD involves buying NZD and selling USD, and vice versa for 

a short position.  
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3.1 Introduction 

In order to understand the relevant literature concerning returns in the foreign exchange markets 

consider the return from a fully leveraged position in a foreign currency. 

)()/ln( 1 Hftt IIEER      

Where E is the relevant exchange rate at a given time t and I are the relevant interest rates. 

It follows that there are two main determinants of the return of a fully leveraged FX position:        

  1) The development in the exchange rate and. 

2) The interest rate differential between the two countries. 

The first component of this return revolves around exchange rate prediction and this topic has been 

the subject of extensive academic scrutiny in the last decades. The key question asked in studies is 

typically whether forecasting models beat a random walk model in predicting exchange rate 

movements. In one of the most influential and pessimistic studies on the use of fundamentals in 

exchange rate forecasting Meese and Rogoff (1983) tested a wide range of macroeconomic-based-

models. The general result was that all of the macroeconomic forecasting models were dominated 

by a simple random walk model. The pessimistic conclusion of Meese and Rogoff (1983) became 

the null hypothesis to reject for later authors. One particularly interesting and similar study by 

MacDonald (1999), found some validity of macroeconomic models in the long run as well as short 

run models. In his final remark MacDonald commented (1999, p. 690): 

“I contend that the Meese and Rogoff paradigm no longer rules the roost,….. In sum, both short and 

long-run exchange rate modeling is alive and well. This is clearly a relief, at the very least, for 

those of us who have to teach fundamentals-based models in the classroom.”  

Another study  also found that in the long run some models outperformed the random walk models, 

but were much less optimistic about the out of sample potential of these models (Cheung, Chinn, 

Pascaul 2005). Of all the fundamental models, the models which have shown the most promising 

results are based on the concept of purchasing power parity (Taylor and Taylor, 2004).  In the 

following we will elaborate thoroughly on the field of literature regarding PPP, as well as the 

controversy concerning the literature. 

Part 3: Literature review 
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While fundamental exchange rate prediction models can be said to be theoretically satisfying but 

wanting in praxis, technical exchange rate prediction models are exactly the opposite. While 

theoreticians argue over the cause, several empirical studies have shown the usefulness of using 

past exchange rate movements to predict future exchange rate movements (Park and Irwin, 2007). 

Because of the important place of technical analysis in the exchange rate prediction literature and its 

economic potential, this field of research will also be discussed separately. 

Finally we turn to the second and last part of the return: The interest rate differential between 

countries. Clearly if the interest rate is higher abroad than at home, and the exchange rate is 

constant, risk free profit can be made from borrowing money at home and buying a foreign 

currency deposit.  Unfortunately the theory of uncovered interest rate parity implies that in an 

efficient market the expected exchange rate change will exactly offset any profit or loss from 

interest rate differentials (Madura, 2006). In reality, however, exchange rate changes seem to not 

conform with uncovered interest parity and several professionals make a living off so called “carry 

trades”, which speculate in taking long positions in high yielding currencies and short positions in 

low yielding currencies (Froot and Thaler, 1990). Because of the immediate relevance of uncovered 

interest rate parity for our topic it will be discussed separately. 
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3.2 PPP and exchange rates 

3.2.1 The theory and its problems 

Absolute PPP 

The notion that the relative price levels in two currencies is a key determinant of their exchange rate 

has been discussed in economics for centuries. For an excellent walk through of existing literature 

in the field see also Taylor and Taylor (2004) and Taylor (2003). 

The PPP-exchange rate model in its absolute form is intuitively simple and states that the nominal 

exchange rate of two countries should be equal to the ratio of the aggregate price levels of the 

countries, in such a way that the purchasing power of unit of currency is the same regardless of 

whether you convert it to the other currency (see e.g. Madura, 2006; Taylor and Taylor, 2004).  This 

simple relationship is illustrated below. 

𝐸𝑥𝑐𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒 
𝑏

𝑎
=  

𝑃𝑟𝑖𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 (𝑎)

𝑃𝑟𝑖𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 (𝑏)
 

If the prices in country A are twice as high in terms of units of currency as in country B, one unit of 

country B currency must be able to buy you two units of country A currency, so that the purchasing 

power is the same. 

The underlying market force justifying the relationship in the equation above is the Law of One 

Price, which states that in efficient markets a commodity can only have one price. If there are 

different prices in an efficient market, risk free profit can be made from buying the product cheaply 

and selling it expensively.  This arbitrage will occur until there is only one price for the commodity 

in the marketplace. In an international setting this implies that if it is cheaper to convert a unit of 

national currency to a foreign currency and buy the product abroad, arbitrage will occur until 

exchange rate- and/or price changes even out the differences in the price levels.   

The problem of tradable goods 

One issue with the purchasing power models is that they only apply to tradable goods. In reality 

some goods and especially services, are not traded internationally, and therefore arbitrage will not 

occur for these types of products. This has caused considerable debate in the academic community 
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as to which price indices are the most relevant to use when testing PPP models (Taylor and Taylor, 

2004).   

The problem of transaction costs and relative PPP 

In spite of being a very intuitive model, the absolute PPP model makes the unrealistic assumption 

that no transactions costs exists. In reality transaction costs are present in international trade in the 

form of transportation costs, tariffs, duties, etc.  The relative PPP model relaxes this assumption by 

allowing for differences in absolute price levels between countries due to transaction costs (Madura, 

2006). However the model still states that the relative change in price levels between countries in 

one period should be evened out by the change in the exchange rate in the same period, assuming 

no change in transaction costs. Mathematically this implies:  

FH
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h
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I

I
e 




 1

1

1
 

Where Ef is the percentage change in the value of a foreign currency and Ih and IF are the 

respective inflation rates in the home country and the foreign country. In the very long run, 

movements between the nominal exchange rate depreciation and the inflation rate differentials show 

a close and positive correlation (Taylor and Taylor, 2004). However, the high volatility in the short 

run of both nominal exchange rates, and real exchange rates due to sticky prices, limit the practical 

usefulness (Horne, 2004).  

3.2.2 Testing PPP 

Up until the 1970s, it was generally accepted that PPP held in the long-term but with significant 

exchange rate overshooting in the short run due to e.g. sticky prices and confounding effects 

(Madura, 2006). In the 1970s-80s the validity of even long-run PPP equilibrium exchange rate level 

came under significant pressure. 

Disproving PPP:  The random walk test and unit root tests  

Historically the PPP theory has been subject to widespread debate. One important discussion in the 

academic literature has been whether exchange rates follow a typical random walk model.  If real 

exchange rates follow random walks the implication is that shocks to the exchange rates never 

revert towards a mean level (such as PPP equilibrium). For instance Roll (1979) and Adler and 

Lehmann (1983) were unable to reject the hypothesis that exchange rates changes follow a random 

walk, which was taken as proof against PPP. However, the results from tests of random walks were 
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mixed and subject to the criteria employed in testing (Clumby and Ohstfeld, 1984). Also the results 

were criticized by later papers because of the statistical power and setup of the tests (e.g. Hakkio, 

1984; Abuaf and Jorion, 1990; Frankel, 1990). Abuaf and Jorion (1990) summed up the problems in 

the following argument: 

“In our opinion, the negative results obtained in previous empirical research reflect the poor power 

of the tests rather than evidence against PPP. In other words, the methodology employed so far will 

fail to reject the random walk assumption even in situations where the real exchange rate exhibits 

slow reversals to PPP values.” (Abuaf and Jorion, 1990, p. 157) 

In the late 1980s another more sophisticated type academic testing of PPP developed, based upon 

the concept of a unit root process. If a time series has a unit root process, its change might be 

predictable but its level is not.  Formally this is tested by running regressions: 

  1tt EE  

Where E is the real exchange rate at a given time, α and β are the parameters to be estimated and u 

is the random error term. If B=1 the time series is said to contain a unit root. This implies that, 

while the change in the real exchange rate can be estimated as the value of α, the long run level of 

the real exchange rate will depend on a constant plus the sum of the random shocks u. Hence, not a 

long run PPP equilibrium. In other words testing for the null hypothesis B=1, is the equivalent of 

testing for whether exchange rates return do not return to a long run equilibrium.  

The results of these tests were largely unable to reject the hypothesis that a unit root did in fact exist 

in many major real exchange rates (e.g. Taylor,1988; Mark, 1990), which was bad news for 

proponents of long run PPP. 

However, both the unit root test as well as the random walk tests were widely criticised in that most 

of these  included only 15 years of post Bretton Woods data (e.g. Frankel, 1990; Lothian and 

Taylor, 1997; Sarno and Taylor, 2002). It was shown in simulation that even when imposing an 

11% mean reversion for 15 years of exchange rate data, the probability of rejecting the random 

walk assumption in these models (which would be correct!) would be very low (5-8%) (Lothian and 

Taylor, 1997; Sarno and Taylor, 2002).  

Reaffirming long run PPP  

To overcome the inherent weaknesses of the previous unit root and random walk tests, better 

models were designed to test for long-run purchasing power parity. For instance the following 

regression was frequently tested. 
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where E is the real exchange rate, E is the assumed equilibrium real exchange rate ( E =1 in the case 

of standard absolute PPP), ω is the parameter to be estimated and ε is the random error term. If ω=1 

the random walk assumption holds, and the exchange rate never reverts towards an equilibrium. 

However, if ω < 1 the real exchange rate reverts by a factor (1- ω) per period towards the 

equilibrium level E . Frankel (1986) tested the above regression using data of the dollar-sterling 

exchange rate from 1869 to 1984, he found a point ω estimate of 0,85 and rejected the hypothesis 

that ω= 1 at a 5% significance level.  Testing the Dollar sterling and the Franc-sterling exchange 

rates using two centuries of data, (Lothian and Taylor, 1996) rejected the hypothesis that ω= 1 for 

both exchange rates and found point estimates  of ω= 0,89 for the dollar sterling exchange rate and 

ω= 0,76 for the franc-sterling. 

Instead of including more years of data some included more countries. For instance (Abuaf and 

Jorion, 1990) rejected a joint-non mean revision hypothesis when including data from 10 countries. 

A warning to this kind of testing was, however, given by Taylor and Sarno (1998), stating that  

rejecting a joint hypothesis only proves that one of the exchange rates tested are mean reverting not 

that they are all are.  

PPP and adjustment speeds 

One intriguing puzzle in the PPP literature revolves around the very slow adjustment speeds of 

exchange rates to equilibrium levels. The time it takes for an exchange rate to revert 50% towards 

its equilibrium level, also known as half-lives, has been tested in a long run framework and Rogoff 

(1996), notices that the consensus figure for half-lives consistently lies between three to five years, 

but other authors note that half-lives may be even longer (Murray and Pappel, 2005).   

However the above studies take place in a linear framework with equal adjustments every year 

regardless of original deviation from equilibrium. Taylor and Taylor (2004) argue that there is very 

good reason to assume that adjustments to equilibrium is a nonlinear function. In particular they 

discuss a “band of inaction” from equilibrium where for instance transactions costs will imply that 

no arbitrage occurs. The further away from equilibrium the real exchange rate is the more likely that 

band will be breached, and hence more likely that speed of adjustment will be higher. This creates 

nonlinearity because adjustments speeds will be positively correlated with the deviation from 

equilibrium.  Taylor, Peel and Sarno (2001) tested the nonlinearity hypothesis formally by testing 
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for mean reversion in the G5 currencies for the post Bretton Woods period. Their study concluded 

that nonlinearity indeed existed in half-live computation.  In particular they found that for small 

deviations from the real exchange rate (1-5%), half-lives were indeed very long (approximately 

three years), whereas for larger deviations half-lives were much smaller. Also, a very recent study 

by Wu and Chen (2008), provide support for non-linearity in half-life computation and also find 

that a nominal exchange rate changes were the main force behind the changes toward the 

equilibrium PPP-level.  

The long-run PPP equilibrium 

Another intriguing puzzle in PPP literature is that while tests covering 100 years or more find some 

evidence of long-run PPP, tests of the post Bretton Woods period have been much less convincing, 

usually limited to rejection of joint non-mean reversion in several currencies and the weakness 

which that implies.  

In most PPP tests the equilibrium PPP exchange rate is assumed to be fixed over time. However, 

equilibrium real exchange rates can change over time due to productivity differences in traded 

sectors (the so-called Harrod-Balassa-Samuelson effect, e.g. Taylor 2003), net international asset 

allocation (e.g. Lane and Gian, 2002) as well as other factors (Taylor and Taylor, 2004) . This is 

very important for PPP testing because if the equilibrium real exchange rate level changes over time 

traditional PPP tests may be biased.  

Allowing for long-run trends in the equilibrium real exchange rate is according to Taylor and 

Taylor (2004), one of the subjects most likely to receive academic attention in the PPP-field in the 

field. Indeed Lothian and Taylor (2004) find evidence that 1/3 of the deviation from a Fixed PPP 

equilibrium (for the USD/GBP exchange rate) can be accounted for if allowing for long-run trends 

in the real exchange rate. 

3.2.3 Summary 

After receiving considerable criticism in the random-walk and unit-root tests of the 1970s and 

1980s, PPP is today again largely viewed in the academic community as a sound long-run model for 

determining the equilibrium exchange rate. While shocks to the exchange rate will happen in the 

short run, due to the various other factors influencing the exchange rate, Exchange rates will adjust 

slowly but surely to a long run PPP level. 
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The puzzle as to the very slow adjustments speeds of some studies can to some extent be accounted 

for by nonlinearity in adjustments speeds caused by transactions costs, even in the period after 

Bretton Woods. The puzzle in regards to the relative weak evidence supporting PPP in the post 

Bretton Woods period, has been partially solved by allowing for long-run changes in the 

equilibrium real exchange rate, and is a field which is very likely to be heavily researched in the 

future.  

One clearly intriguing question regarding the above literature is whether it is possible to convert our 

knowledge of PPP into a profitable trading strategy. In other words can we take what we know 

about the relative validity of long-run PPP as an equilibrium exchange rate model, while also 

considering the importance of some of the major advances in the PPP research such as non-

linearity.   
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3.3 Uncovered interest rate parity 

3.3.1 The theory and the puzzle 

A fundamental element of international macroeconomics and finance is the uncovered interest rate 

parity (UIP). According to the UIP condition, by Fisher (1930), the expected return on a deposit in 

the domestic currency should equal the return on a deposit in the foreign currency, when being 

converted to the foreign currency at the spot exchange rate and then converting the proceeds back to 

the domestic currency at the expected future spot exchange rate. Hence, the expected excess return 

on foreign deposits versus domestic deposits equals zero on average. Formally the UIP condition is 

given by the following:  

(1 + 𝑖𝑑 ,𝑘)𝑡 = (1 + 𝑖𝑓 ,𝑘)𝑡 ∗ 𝐸(𝑆𝑑
𝑓

,𝑡+𝑘
)/𝑆𝑑

𝑓
,𝑡
 

Where id (if) is the interest rate for the domestic country (foreign country) at time t for a period k, 

and 𝐸(𝑆𝑑
𝑓

,𝑡+𝑘
)/𝑆𝑑

𝑓
,𝑡

 is the expected exchange rate change from period t to period period t+k. The 

UIP condition assumes perfect capital market, with no transaction cost, no taxes and no uncertainty. 

Also, it assumes that investors are risk neutral and have rational expectations (Froot and Thaler, 

1990). Furthermore, the UIP condition assumes that there are no arbitrage opportunities, which 

means that the interest rate differential equals the forward premium (Sarno, Valeufe and Leon, 

2006).  

The UIP condition implies that the expected change in the spot exchange rate must equal the 

forward premium. The forward premium (or discount) is therefore a so-called unbiased predictor of 

the spot exchange rate (Huisman, Koedijk, Kool and Nissen, 1998). Therefore, the UIP condition is 

often shown as follows.  

𝐸  𝑆𝑑
𝑓

,𝑡+1
 =  𝑆𝑑

𝑓
,𝑡
∗

(1 + 𝑖𝑑)𝑡
(1 + 𝑖𝑓)𝑡

 

If the domestic interest rates are higher than the foreign interest rates, the UIP condition would 

predict that the domestic currency to depreciate by the equivalent of the interest rate differential. 

The rationale behind this result is that investors are compensated by higher interest rates as the 

exchange rate is expected to depreciate. Conversely, when the domestic interest rates are lower than 

foreign interest rates, the UIP condition would predict the domestic currency to appreciate. The 
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rationale is similar to other case only that it is opposite, i.e. investors will accept a lower rate of 

interest in turn for an expected currency appreciation. The UIP relationship is illustrated in graph 4.  

 

 

 

 

 

 

 

 

 

 

The UIP condition has been tested extensively in academic research. The usual way of testing UIP 

is by regressing the change in the spot exchange rate against the interest rate differential (Froot and 

Thaler, 1990; Engel, 1996), formally shown as: 

%∆  𝑆𝑑
𝑓

,𝑡+𝑘
 =  𝛼 + 𝛽 𝑖𝑑 ,𝑘 − 𝑖𝑓 ,𝑘 + 𝜇𝑡+𝑘  

Where %∆(Sd/f, t+k) is the percentage change in the spot exchange rate for k period, (id, k-if, k) is the 

interest rate differential between the domestic and foreign country and μ t is the random error term. 

The null hypothesis of the regression is that α = 0 and β = 1, and μt+k has a conditional mean 

variance of zero. If the null hypothesis is correct, the interest rate differential gives an unbiased 

forecast of the future spot exchange rate.  

The evidence that β < 1 is now robust in the literature. Bilson (1981) and Fama (1984) were the 

pioneers to document the finding. Fama (1984) actually found that not only were β < 1, but that β 

was negative. Furthermore, more recent evidence also shows that β < 1, on a large number of 

exchange rates and time periods (e.g. Bekaert and Hodrick, 1993; Backus et al., 1993; Mark et al., 

1993). In a survey of 75 published estimates of β, the average estimate was found to be -0.88. A few 

iD-iF 

%∆E(SD/F, t+1) 

Graph 4: The UIP Relationship 
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of the estimates were positive but none of the estimates confirmed the null hypothesis that β = 1, 

nor was any estimate larger than one (Froot, 1990). Studies of data from the 1920s has also found 

evidence that β < 1 (e.g. MacDonald and Taylor, 1990; McFarland et al., 1994). These results imply 

that if domestic interest rates are higher than the foreign country, then the domestic currency 

depreciate by less than the interest rate differential and often appreciates. 

The result that β < 1 is known as the forward discount anomaly or bias, and has been difficult for 

researchers to explain (Froot and Thaler, 1990). Some researches interpret β < 1, as the evidence of 

a risk premium on foreign exchange. Others believe that exchange rate risk can be diversified away 

or that investors are risk neutral. This means they interpret any bias as evidence of expectational 

errors, including learning effects and peso problems. We will look closer at these explanations in 

the following.  

Exchange rate risk premium 

The existence of an exchange rate risk premium means that the interest rate differential cannot be 

used as an estimate for the expected future change in the exchange rate. This is due to a change in 

the underlying assumption of the UIP. If there exist an exchange rate risk premium investors is no 

longer risk neutral and exchange rate risk is not diversifiable (Engel, 1996). The interest rate 

differential would therefore be a combination of the expected future change in the exchange rate 

and a risk premium. Therefore, if the home the currency is perceived more risky than the foreign 

currency, the home interest rates would be higher than the foreign interest rates despite the 

exchange rate is not expected to move.  

If rational expectations are still assumed then a finding of β ≠ 1 means that interest rate movements 

are related to changes in the risk premium (Froot and Thaler, 1990). Thus if β < 1 we know that an 

increase of one percent in the interest rate differential of home over foreign, means a less than one 

percent depreciation of the home currency. Given that risk premium is equal to the interest rate 

differential less the expected change in the exchange rate, it means that the risk premium on home 

assets rise with the interest rate differential or that the required rate of return on the exchange rate 

falls. From the survey by Froot (1990) we know that the majority of estimates of β are negative. A 

finding of β < 0 implies that an increase in the interest rate differential is related to an appreciation, 

thus an even larger increase in the risk premium. Fama (1984) pointed out that this means the 

variance in the risk premium is greater than change in the exchange rate and interest rate 

differential. The problem regarding the risk premium explanation is why a change in the interest 
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rates should lead to a larger change in the risk premium. In the academic research there has been 

taken three approaches to assess the risk premium interpretation.  

The first approach tests for patterns in currency returns by specifying and testing different statistical 

models of risk. This approach has provided insights into the predictable components of exchange 

rate changes but has failed to provide evidence that these components should be due to risk. Under 

this category of tests it has also been tested whether predictable returns can be explained by the 

expected variance in future returns. However, these tests do not provide evidence that measures of 

expected variance are related to the forward discount puzzle (Froot and Thaler, 1990).  

The second approach focuses on the different specifications of the determinants of required returns, 

thereby looking beyond relative asset returns. Frankel (1982) focused on the CAPM model and 

noted that the model requires an asset‟s risk premium to be systematically related to that asset‟s 

value share in the portfolio. The test did not provide evidence that required returns are positively 

related to systematic risk in exchange rates. Testing these kinds of models it is not possible to reject 

the hypothesis that the systematic risk is zero and thus that the risk premium is zero. Furthermore, 

studies by Frankel and Engel (1984) and Hodrick (1987) provided no evidence that variations in the 

risk premium can explain predictable excess returns in the foreign exchange markets. More 

complex models of time-varying risk has provided similar results (Engel and Rodrigues, 1989; 

Giovannini and Jorion, 1989; Mark, 1985; Obstfeld, 1990). 

The third approach attempts to estimate the expected currency changes in the exchange rate, thereby 

avoiding dependency on inferences from realised changes. If it was possible to observe actual 

expectations the interest rate differential could be decomposed into separate components 

attributable to the risk premium and to expectational errors. In order to overcome the problem that 

market expectations are not observable, researchers have collected independent measures of 

expectations in order to try to gain insights. In a study by Froot and Frankel (1989) survey data of 

foreign exchange traders expectations was used, but they found that the component attributable to 

risk was small and insignificant different from zero. Although surveys data could include a risk 

premium and does so, these risk premia is uncorrelated with the forward discount (Froot and Thaler, 

1990). 

Although much research has been done on the existence of a risk premium in foreign exchange, 

none of the hypotheses present much support. 
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Expectational errors 

The other main interpretation of the forward discount bias is the error in expectations. Under this 

category the risk premium is treated as constant, which means that an increase in the interest rate 

differential is associated with a correspondent increase in expected depreciation as given by the 

standard UIP model (Froot and Thaler, 1990). This interpretation may initially seem odd, as in the 

empirical studies described above an increase in the interest rate differential is frequently related to 

an appreciation (Froot, 1990). The expectational errors hypothesis attempts to explain why such 

expectational errors arise and persist.  

The existence of potential expectational errors might not imply market inefficiencies or profit 

opportunities exist, as expectational errors might not be observable until after the period studied. 

Another issue is that the period under study might not be representative leading to incorrect 

statistical conclusion (Froot and Thaler, 1990; Engel, 1996).  

One expectational error is so-called learning effects. If there are regime changes in exchange rates 

e.g. the move to floating exchange rates after Bretton Woods, then it is argued that investors are in 

the process of learning about the new regime and that exchange rate changes will be affected by this 

learning (Lewis, 1989; Froot and Thaler, 1990). A study by Lewis (1989) found that investors were 

slow to learn about an unobservable change in the money supply during the US Dollar appreciation 

between 1980-85. This slow learning could explain about half the error in the forward rate. Despite 

this finding, Lewis found that the learning effect had not diminished over time thereby casting 

doubt on the evidence of learning models for regime shifts.   

Another expectational error is “Peso problems”, which is a problem found in regressions that leads 

to incorrect conclusions. The term relates to a study by Rogoff (1979) of the Mexican Peso in the 

period 1955-76. The Mexican Peso was fixed by the government but at the same sold at a forward 

discount. The depreciation predicted by the interest rates and the forward market did happen thus 

validating its predication. However, as Rogoff  (1979) pointed out this depreciation could not have 

been guessed from a sample from 1955-75 alone. This example, as well as in less severe cases, 

“Peso problems” invalidate the statistical procedure (Froot and Thaler, 1990). However, a couple of 

research papers have questioned the peso problem hypothesis, by trying to calculate the probability 

of the expected depreciation. They find that the hypothesis is likely to be untrue, but cannot reject it 

at standard significance levels (Froot and Thaler, 1990; Froot and Frankel, 1987).  
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Learning effects and Peso problems give some explanation for the findings that  β < 1, but the 

evidence is not entirely convincing. Specifically as sample size increases the validity of the learning 

effect and Peso problem hypothesis become increasingly problematic.   

3.3.2 Summary 

The UIP condition states that the expected change in the spot exchange rate must equal the 

difference in the interest rates between home and foreign country. The usual way of testing the 

theory is by regressing the change in the spot exchange rate against the interest differential. 

Regression tests show that the β coefficient tends to be negative and not 1 as predicted by the 

theory. Hence, the theoretical evidence strongly rejects the UIP condition. Academics have tried to 

explain the anomaly by the existence of an exchange rate risk premium and expectational errors. 

This have yielded many interesting insights, but not solved the primary puzzle itself.  

It is interesting to see if the strong evidence against the UIP can be exploited as a profitable trading 

strategy. Initially it seems like buying currencies with high interest rates and selling currencies with 

low interest rates is a profitable strategy, however, this will be explored further following the 

literature review.  
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3.4 Technical analysis 

3.4.1 Trending exchange rates 

Technical analysis is defined as the “use of past price behaviour to guide trading decisions in asset 

markets” (Neely, 1997). There are three basic principles, which technical analysis is based on 

(Neely, 1997)
3
. The first principle is that all relevant information is included in the price and the 

price history. It is therefore unnecessary to analyse and forecast the fundamental drivers of an 

asset‟s value. The second principle is that prices move in trends. Hence, if the price of an asset rises 

a technical analyst believes that it is going to continue rising. The third principle is that the history 

repeats itself. This is based on the idea that traders will act identical if they are facing the same 

situation. Technical analysis follows these three principles and tries to exploit the market 

psychology. There are various tools which a technical analyst uses to forecast prices, including 

chart analysis, mechanical trading rules and more recently computerised technical trading systems. 

Some of the more popular technical trading systems include moving averages, Technical oscillators 

and channels (Park and Irwin, 2007). Below is an example of how technical analysis is being used. 

The USD/EUR exchange rate is trending higher bouncing off the trend line drawn in the graph. The 

break of the trend line reverses the trend and leads to a sharp move lower in the exchange rate.   

 

 

 

 

                                                             
3 See e.g. Pring (2002) for a detailed review technical analysis 

Graph 5: Trending exchange rates 

Source: Forextrading (2008), including own editing. 
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Technical analysis is widely used among practitioners in the foreign exchange market. Taylor and 

Allen (1992) found that more than 90 percent of the surveyed foreign exchange traders in London 

use some type of technical analysis in their trading decisions. Later studies confirm this result and 

furthermore find that 30-40 percent of foreign exchange traders think that technical analysis is a 

large factor in determining exchange rates in the short term and up to 6 months (Menkhoff, 1997; 

Cheung and Chinn, 2001; Gehrig and Menkhoff, 2003).  

Although technical analysis is widely used by practitioners, academics have been more sceptical 

about its use and ability to forecast price movements. Park and Irwin (2007) outline two main 

reasons why academics have been sceptical. Firstly, technical analysis contradicts the efficient 

market hypothesis (Fama, 1970), which means that it should not be possible to make profits by 

studying past prices and the inherent information past prices contain. Secondly, several early and 

generally cited empirical studies of technical analysis in the stock market showed negative results 

(Fama and Blume, 1966; Van Horne and Parker 1967, 1968; Jensen and Benington, 1970). 

The divergent views on technical analysis have led to a large literature on the topic. Generally, the 

empirical studies explore the profitability of different technical trading rules as well as testing the 

efficiency of the markets. The studies have been carried out on both different asset classes and on 

individual markets. In table 1 there is an overview of the number of technical trading studies over 

the last 45 years. As can be seen the majority of the studies is on stock markets and foreign 

exchange markets. Furthermore, there has been an increase in the number of studies since 1994. 

Park and Irwin (2007) believe this is attributed to the publication of influential papers (Sweeney, 

1986; Brock et al, 1992) together with the development of computing power and electronic 

databases. 

In an extensive survey of the empirical studies on technical analysis during the period 1960-2004, 

Park and Irwin (2007) categories them as early studies and modern studies, respectively. The 

grouping is based on an assessment of each study in terms of various points, including treatment of 

transaction cost, the number of technical trading rules taken into account, data snooping issues, 

statistical tests and out-of-sample verification. The early studies is from 1960-1987 and modern 

studies from 1988-2004. The two categories will now be examined closer (see table 1 for an 

overview of the studies, as categorized by Park and Irwin (2007)).  
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Early studies 

The early studies tests a number of different technical trading systems including filter rules, moving 

averages, stop-loss orders, channels, Technical oscillators and relative strength. The most 

commonly tested trading system was filter rules, which is a rule that generates a buy (sell) signal 

when the closing price rises (falls) by x% above (below) the most recent low (high).  

While studies on technical analysis showed negative results on stock market (e.g. Fama and Blume, 

1966; Van Horne and Parker, 1967, 1968; James, 1968; Jensen and Benington, 1970), most of 

studies on foreign exchange markets found considerable net profits (e.g. Cornell and Dietrich, 1978; 

Dooley and Shafer, 1983; Sweeney, 1986). In a study of filter rules on 10 exchange rates, Sweeney 

(1986) found that small filter rules (0.5%, 1% and 2%) on long positions generated positive risk-

adjusted excess return even if there were adjusted for transaction costs.  

In the early studies there were several limitations in the testing procedures (Park and Irwin, 2007). 

Firstly, only a small number of trading systems were tested. Secondly, the majority of the studies 

did not test the statistical significance of the trading returns. Thirdly, the early studies did not 

consider the risk of technical trading systems. Fourthly, it is complicated to interpret the 

Source: Park and Irwin, 2007  

Table 1: Technical trading studies 1960-2004 
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performance results because they are presented as an average across trading rules or all assets and 

not as the best performing rules. Fifthly, some authors believe that the significant trading profits 

achieved on some trading rules are a result of selection bias or data snooping. 

Modern studies 

Park and Irwin (2007) considered Lukac et al (1988) to be the first modern study as it improved the 

early studies in a number of ways. Generally the studies were improved by including transaction 

cost, adjusting for risk, statistical tests, optimisation of trading rules, out of sample tests and 

considering data snooping issues. However, among the studies there were large differences in how 

these issues were treated. Furthermore, one thing that characterised the modern studies was also that 

new and more advanced techniques were used, such as statistical bootstrap methodologies, 

numerical optimisation procedures, mathematical algorithms and non-linear models based on 

nearest neighbour regressions
4
.  

It is evident from the modern studies that technical trading strategies in the foreign exchange 

markets have generated economic profits. Between the late 1970‟s to early 1990‟s technical trading 

rules generated annual returns of 2%-12% (Taylor and Tari, 1989; Taylor, 1992, 1994; Levich and 

Thomas, 1993; Silber, 1994; Szakmary and Mathur, 1997; Menkhoff and Schlumberger, 1995; Lee 

and Mathur, 1996a, 1996b; LeBaron, 1999; Maillet and Michel, 2000; Lee et al, 2001; Martin, 

2001; Neely, 2002; Saacke, 2002; Qi and Wu, 2002). However, there are also a few recent studies 

which suggest that the profits have declined over time (Marsh, 2000; Neely and Weller, 2001; 

Lucke, 2003; Olson, 2004; Sapp, 2004) 

3.4.2 Explanations for technical trading profits 

The empirical studies on technical analysis suggest that it may be possible to generate positive 

returns in foreign markets. The literature has looked at different theoretical and empirical 

explanations for why this may be possible. Theoretical models suggest profits may be due to market 

„frictions‟, such as noise in current equilibrium prices, herding behaviour, traders‟ sentiments, 

market power or chaos. Empirical explanations look at profits as a result of central bank 

intervention, order flow, risk premiums, temporary market inefficiencies and data snooping (Park 

and Irwin, 2007).  

                                                             
4 If the reader wishes to deeper familiarise themselves with these techniques or studies please see Park and Irwin (2007). 
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Theoretical explanations 

Noisy rational expectations models 

In traditional model of market efficiency, the current price reflects all available information and the 

price adjust immediately to new information. Under a model of noisy rational expectations, the 

current price does not fully reflect all available information due to noise. As a result, the price 

slowly and systematically adjusts to new information, allowing the possibility of profitable trading 

strategies (Park and Irwin, 2007).   

Grossman and Stiglitz (1976, 1980) showed that no agent has an incentive to gather and analyse 

costly information if the price fully reflects all available information. They argued that the 

competitive market would break down as a result. Nevertheless, their model supported the weak-

form market efficiency because they assumed uninformed agents had rational expectations. 

However, models developed later by Hellwig (1982), Brown and Jennings (1989), Grundy and 

McNichols (1989) and Blume et al (1994) allowed past prices to contain useful information for 

realising profits.  

Behavioural models  

A typical behavioural finance model, also called feedback model, consists of two investors, 

arbitrageurs and noise traders. Arbitrageurs are defined as investors with rational expectations of 

returns whereas noise traders are investors who irrationally trade on noise as if it was information 

(Black, 1986).  

Noisy traders demand for an asset is influenced by irrational beliefs and sentiments that are not 

substantiated by news or fundamentals. Thus, noise traders would buy when the price rises and sell 

when it falls, trying to capture the trend similar to technical traders. However, arbitrageurs are fully 

rational and not influenced by the sentiment. This means these investors might conclude that an 

asset is overvalued, in case it is irrationally bought up by noise traders, and therefore sells the asset 

short (Park and Irwin, 2007). De Long et al (1990a) argued this type of arbitrage is limited because 

there is a risk that the market performs well (poor) and becomes even more over (under) priced 

noise traders. De long et al (1991) and Slezak (2003) point out that noise traders may survive as a 

group and dominate the market in terms of wealth. Behavioural models, therefore suggest that 

technical trading profits may exist if the strategies are based on „noise‟ or commonly used technical 

models (Scleifer and Summers, 1990).  
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Herding models 

In a model on herding behaviour, Froot et al. (1992) shows that short-term traders acting in as a 

herd can lead to informational inefficiency. They show that informed speculators can only benefit 

from their information if the information is afterwards priced in to the asset due to trades from 

similar informed speculators. Hence, speculators with short term horizons can profit from 

coordination their actions. This type of model explains why technical analysis may work. Froot et al 

(1992) argues that since there is a large number of traders that use technical analysis it might be 

enough to generate profits for the ones that know how to chart. In a different model, Schmidt (2002) 

also shows that if technical traders can affect the market liquidity, their herd behaviour/actions can 

move the price favour of their strategy. 

Chaos theory 

Clyde and Osler (1997) showed that technical analysis may be the same as non-linear forecasting 

methods for chaotic systems, thus giving another theoretical explanation. They tested an algorithm 

that identifies head-and-shoulder patters on simulated high-dimension non-linear price series. The 

test showed that the model work better than a random trading rule and that technical analysis 

performs better on non-linear data than on random data.  

Empirical explanations 

Central bank intervention 

Several authors believe that the positive returns from technical trading systems are correlated with 

intervention of central banks (Dooeley and Shafer, 1983; Sweeney, 1986; Lukac et al., 1988; 

Davutyan and Pippenger, 1989; Levich and Thomas, 1993; Silber, 1994). The idea is when 

exogenous shocks occur to an economy the exchange rate would jump to a new equilibrium level 

(Dornbush). However, central banks would intervene in order to reduce volatility. Therefore, the 

exchange rate would adjust slowly showing a trend which could be picked up by technical traders 

(Saacke, 2002). LeBaron (1999) found that when removing intervention periods from the data it 

greatly reduced Sharpe ratios for moving average rules. His conclusion was confirmed by later 

studies (Neely and Weller, 2001; Neely, 2002; Saacke, 2002; Sosvilla-Rivero et al., 2002; Sapp, 

2004). Although, Saacke (2002) found that moving average rules generated substantial returns on 

day s where central bank intervened, the study also found that these rules generated considerable 

returns on days where no intervention took place. This conclusion suggests that central bank 

intervention is not the only source of technical trading profits. Neely and Weller (2001) and Neely 
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(2002) confirmed this as they found that the large returns of technical trading systems precede 

central bank interventions. Hence, they found that technical trading systems have already profited 

from the trends in the foreign exchange market when the central banks intervene. Overall, the 

studies suggest there is a connection between the technical trading returns and central bank 

intervention, but not the cause of the returns.  

Temporary Market Inefficiencies 

Recent studies find that although technical trading systems generated large profits prior to 1990‟s, 

they had declined substantially after the 1990‟s or simply vanished (e.g. Sullivan et al., 1999, 2003; 

Olson, 2004). These results may be due to temporary market inefficiencies in the period before 

1990‟s. The empirical studies suggest two possible explanations for the temporary inefficiencies. 

The first is that technical trading systems are self-destructive. Timmermann and Granger (2004, p. 

24) explains the rationale stating,  

“Ultimately, there are likely to be short-lived gains to the first users of new financial prediction 

methods. Once these methods become more widely used, their information may get incorporated 

into prices and they will cease to be successful.”  

During the 1990‟s there may have been an increase in the use of technical trading rules, which have 

reduced the profits of such technical trading rules. The large increase in hedge fund and CTA 

investment during the 1990‟s may exemplify this (Park and Irwin, 2007).  

The second explanation relates to structural change in the markets. Park and Irwin (2007, p. 813) 

state that “structural changes in markets have the potential to alter the speed with which prices react 

to information and reach a new equilibrium.” The speed of market price movement may have 

increased due to cheaper computer power, electronic trading and discount brokerages which likely 

has increased liquidity and reduced transaction costs. This may have reduced profitability of 

technical trading rules.  
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Risk premiums 

Another explanation of the positive technical trading profits is the existence of a risk premium, 

meaning that technical traders are purely compensated for bearing the risk. However, there are 

several studies that find technical trading systems produce higher Sharpe ratios than benchmarks 

(Lukac and Brorsen, 1990; Chang and Osler, 1999; LeBaron, 1999). Furthermore, CAPM studies 

with a constant risk premium also fail to explain the technical trading returns (Sweeney, 1986; 

Lukac et al., 1988; Taylor, 1992; Levich and Thomas, 1993; Neely et al., 1997). Studies using a 

time-varying risk premium are mixed (Taylor, 1992; Kho, 1996; Sapp, 2004). 

Data snooping 

Studies that have shown positive technical trading returns have later been challenged by other 

studies due to deficiencies in data procedures, wherein data snooping is the most controversial. As 

stated by White (2000, p. 1097), “… data snooping occurs when a given set of data is used more 

than once for purposes of inference or model selection”. The consequence is that significance levels 

may be overstated for standard hypothesis tests and thus potential incorrect statistical inferences 

(Park and Irwin, 2007). One of the most obvious methods of data snooping is a search for profitable 

trading rules. This was used in several early studies. Another type of data snooping is when 

researchers only consider widely-used trading rules as they are subject to survivorship bias.  

 

3.4.3 Summary 

The controversy of technical analysis has resulted in a large literature on the topic. Although the 

quality of the studies has been questioned it has been improved over time. The general finding of 

studies on the foreign exchange market is that technical trading strategies generate economic 

profits. Some recent studies, however, suggest that profits are diminishing over time. The 

explanation for the existence of technical trading profits has been explained by both theoretical 

models and empirical models.  

The evidence on technical analysis suggests that a profitable trading strategy can be developed by 

buying strong performing currencies and selling poor performing currencies. We will explore this 

further in the following section. 
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4.1 Introduction 

The following part explains how the FX index is constructed. In 4.2 we define the basic framework 

for constructing the individual strategies. In 4.3 we explain how the PPP strategy is constructed as 

well as its performance. In 4.4 we explain how the Technical strategy is made including its 

performance. In 4.5 we explain how the Carry strategy is created together with the performance. In 

4.6 we explain how the overall FX index is constructed and its performance.  

4.2 Basic framework 

4.2.1 Currency selection 

The currency market is the largest and most liquid in the world. The daily volume traded in the 

currency market is 3,21 trillion dollars (BIS, 2007) and is far larger than both the stock, bond and 

futures market. In comparison the average daily equity volume is $191 billion, futures $437.4 

billion government bond 1,07 trillion, i.e. 17, 7 and 3 times larger, respectively (PPI 2007, CTU 

2007 and Sifma 2006).  

The development in the foreign exchange market turnover can be seen in the graph below. The 

increase from 1992 to 2007 has been almost fourfold, form 880 to 3210 billion US dollar. 
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The most traded currencies are the G10
5
 currencies, which account for more than 90% of all foreign 

exchange transactions. The four most traded currencies are Euro, US dollar, Japanese yen and 

Pound sterling, which constituted 77,4% of total volume in 2007. The most traded currency pair 

was USD/EUR, which accounted for 27% of total volume (BIS, 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The economic stability of these countries and the fact that their currencies are the most traded in 

foreign exchange market is our background for choosing those currencies in our data analysis. 

Although, Hong Kong dollar is more traded than the Norwegian krone and New Zealand dollar this 

is has not been included in the data analysis as it is managed by a linked exchange rate system, 

whereby it has been pegged within a tight band to the US dollar (HKMA, 2008). 

                                                             
5
 G10 currencies are: Euro, US dollar, Japanese Yen, Pound Sterling, Swiss Franc, Canadian Dollar, Australian Dollar, New Zealand dollar, Norwegian 

krone and Swedish krona. 
6
 Please note that the sum totals 200% and not 100% because 2 currencies are involved in foreign exchange transactions.  

Table 2: Currency distribution of foreign exchange turnover
6
 

 2001 2004 2007 

US dollar 90,3% 88,7% 86,3% 

Euro 37,6% 36,9% 37,0% 

Yen 22,7% 20,2% 16,5% 

Pound sterling 13,2% 16,9% 15,0% 

Swiss franc 6,1% 6,0% 6,8% 

Australien dollar 4,2% 5,9% 6,7% 

Canadian dollar 4,5% 4,2% 4,2% 

Swedish krona 2,6% 2,3% 2,8% 

Hong Kong dollar 2,3% 1,9% 2,8% 

Norwegian krone 1,5% 1,4% 2,2% 

New Zealand dollar 0,6% 1,0% 1,9% 

Source: BIS Triennial survey 2007, p. 11 
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Until the early 1970‟s these currencies were pegged to gold/US dollar under the so-called Bretton 

Woods system. However, the system collapsed and currencies became freely floating. Although, the 

currencies became freely floating in the early 1970‟s, the period for the data analysis is from 1980 

to March 2008. The starting point was chosen because this was the earliest time at which reliable 

and comparable historical data was available for the G10 currencies.  

4.2.2 Adjustment of currency positions 

When constructing the individual FX strategies and a FX index it is necessary to have a decision 

rule regarding when to adjust the currency positions. We have decided for readjustment at the end 

of each month
7
. There are three main reasons for this. 

1) The strategies need to be flexible enough to react to changing market conditions (interest 

rates, price levels). Readjusting yearly would risk not allowing efficient flexibility. 

2) The strategies need to minimize transaction costs.  Readjusting daily and weekly would 

dramatically increase transaction costs. 

3) The strategies need to be realistic in terms of what a Danish institutional investor could 

be expected to administrate. Readjusting daily and weekly would require significant 

resources from the institutional investor. 

 

 

  

                                                             
7
 Note that we only readjust the currency positions as mandated by the PPP strategy once every quarter due to data limitations. 
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4.2 Constructing the investment strategies: The PPP Strategy 

4.2.1 The PPP strategy 

As discussed in the literature review there appears to be evidence of the validity of absolute PPP as 

an equilibrium exchange rate model.  In the following we will describe the construction of the 

investment strategy based upon the theoretical advances in the field.  This strategy will hereinafter 

be referred to as the PPP strategy.  

4.2.3 Constructing the real exchange rates 

In order to devise an investment strategy based upon the theory of the absolute PPP equilibrium, it 

is necessary to create an index of real exchange rates. The real exchange rates employed in the PPP 

model in this paper is in terms of USD as follows: 

RERUSD /Foreign =
PF

PUSD
∗ E n USD /Foreign   

Where RER is the real exchange rate and E(N) is the nominal exchange rate, and the relative 

currency unit-price level 
PF

PUSD
  is given by the data from OECD and Datastream. The real exchange 

rates based on the equation above for the G10 currencies from the fourth quarter in 1979 to the last 

quarter in 2007 are shown in the graph below.  

 

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

2

2,2

d
ec

-7
9

d
ec

-8
1

d
ec

-8
3

d
ec

-8
5

d
ec

-8
7

d
ec

-8
9

d
ec

-9
1

d
ec

-9
3

d
ec

-9
5

d
ec

-9
7

d
ec

-9
9

d
ec

-0
1

d
ec

-0
3

d
ec

-0
5

d
ec

-0
7

R
ea

l E
xc

h
an

ge
 r

a
te

(U
SD

/F
o

re
ig

n
)

Graph 7: Real exchange rates for the G10 currencies

AUD

CAD

JPY

NZD

NOK

SEK

CHF

GBP

USD

EUR



November, 2008 KIM NYDAHL GRØNLUND & RUNE LINNEBOE PEDERSEN 

 

Part 4: Creation of the FX index  Page 53 of 106 

 

4.2.3 Defining the PPP strategy 

Consider the two most important insights from the literature review regarding PPP: 

1) Real exchange rates do tend, albeit slowly, towards a PPP equilibrium. 

2) The speed with which real exchange rates return towards a PPP equilibrium is positively 

correlated with its deviation from that equilibrium.  

Based on the above insights we devise the following PPP trading strategy for the G10 currencies: 

 Take equal size long positions in the two currency pairs with lowest and the second lowest 

real exchange rates 

 Revaluate position every three months 

The strategy thus devised is a gamble that: 

a) Real exchange rates do tend towards PPP-equilibrium and the adjustments are larger at 

extreme disequilibria. 

b) Real exchange rate adjustments occur to a significant extent through nominal exchange rates 

and not solely through changes in price levels. 

4.2.4 The PPP model at work 

Consider table 3 below, which illustrates the real exchange rates as pr. 31-12-1988 and 31-03-1989 

and the investment decisions as a result of the above defined PPP model.  

Real exchange rates (USD/Foreign currency) Investment decision 

Date AUD CAD JPY NZD NOK SEK CHF GBP USD EUR Long in Long in 

31-12-1988 1,154 1,054 1,539 0,959 1,434 1,339 1,324 1,017 1,000 1,065 JPY/NZD JPY/USD 

31-03-1989 1,109 1,051 1,450 0,928 1,369 1,287 1,188 0,953 1,000 1,131 JPY/NZD JPY/GBP 

 = The currency pair with the lowest real exchange rate relative to the other currencies 

 = The currency pair with the second lowest exchange rate relative to the other currencies 

Table 3: The PPP model at work        
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At the end of December 1988 the JPY/NZD and the JPY/USD had the lowest and second lowest 

real exchange rates respectively, relative to the other G10 currencies. Expecting the JPY/NZD and 

the JPY/USD to appreciate we take long positions in those currency pairs. After three months (31-

03-1989) we reevaluate our currency positions and take long positions in JPY/NZD and JPY/GBP.  

Two important qualifications concerning the PPP strategy 

Due to data limitations we were only able to include the real exchange rate for the EURO from the 

first quarter of 1985. Before this period the Euro is hence not considered tradable in the PPP model.  

Another important qualification, due to data limitations, is that adjustment of the currency positions 

of this model occur every three months. Please see section 2.3.2 for further information regarding 

the price level indices and their limitations. 

4.2.5 Overall performance of the PPP strategy 

In table 4 we have outlined the performance of the PPP strategy and its component strategies. The 

returns from the PPP strategy are the average of its component strategy. From January 1980 to 

March 2008 the PPP strategy generated an average annual excess return of 5,46% with a standard 

deviation of 10,85%. The PPP strategy will constitute one third of the FX index, which will be 

analysed in a portfolio context in part 5. 

 

 

  

Table 4: Yearly excess return from the PPP Strategy 

01.01.1980-  

30.03.2008 
Lowest RER 2nd lowest RER PPP 

Excess return 4,66% 6,25% 5,46% 

Standard deviation 12,35% 11,62% 10,85% 
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4.3 Constructing the investment strategies: The Technical strategy  

4.3.1 The Technical strategy 

As discussed in the literature on technical analysis, past exchange rate changes seem to be useful in 

predicting future exchange rate change. Also it is indicated that strong performing currencies will 

continue perform strongly in the next period. The consensus, however, stops there. There are a 

myriad of technical models in the literature and no model stands out as particularly better or 

stronger than anyone else. We will in this part attempt to create an investment strategy based on the 

past performance of exchange rates. This strategy will hereinafter be referred to as the Technical 

strategy. 

4.3.2 Devising the strategy 

It is the purpose of the authors to create a simple and transparent index of FX returns. Given this 

criteria we find it the most relevant to employ a simple technical model based on the absolute 

change in nominal exchange rates. The strategy is devised as follows: 

 Take an equal size long position in the exchange rates which have appreciated the most and 

the second most in the last: 

o Month 

o Three months 

o Six months  

o Twelve months 

 Hold the positions for one month and then re-evaluate. 

We use four different performance horizons in an attempt to minimize data snooping effects. The 

Technical strategy thus devised is a gamble that: 

 Past exchange rate changes are useful in explaining future exchange rate changes  

 That strong performing currencies will continue to perform strongly in the next period.  
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4.3.3 Overall performance of the Technical strategy 

In table 5 we have outlined the performance of the Technical strategy and its component strategies. 

From January 1980 to March 2008 the Technical strategy generated on average an annual excess 

return of 3,19% with a standard deviation of 9,18%. The Technical strategy will constitute one third 

of the FX index, which will be analysed in a portfolio context in part 5. 

 

  

Table 5: Yearly excess return from the Technical strategy  

01.01.1980-  

30.03.2008 
1 m.* 3m.* 6m.* 12 m.* Technical 

Excess Return 3,43% 5,85% 1,50% 1,97% 3,19% 

Standard deviation 11,56% 11,78% 11,81% 11,80% 9,18% 

* The returns are the averages of the returns and standard deviations from the sub-strategy based on the strongest and 

2nd strongest performing currency pair in the period (1,3,6 or 12 months). 
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4.4 Constructing the investment strategies: The Carry strategy 

4.4.1 The Carry strategy 

The theoretical evidence against the UIP condition appears solid. The results imply that when a 

country have comparably higher interest rates than another country, then the exchange rate tends 

not to depreciate as depicted by the theory and often appreciate instead. In the following, we will 

describe the creation of the investment strategy that exploits this anomaly. The strategy will 

hereafter be referred to as the Carry strategy. 

To construct the Carry strategy we used primarily the OECD short term interest rates, 

complemented with interest rates from other sources. See section 2.3.2 for details. The evolution in 

the short term interest rates for the G10 currencies is illustrated in graph 8. 
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4.4.2 Defining the Carry strategy 

The key insights from the UIP theory are the following: 

 The change in the spot exchange rate is not equal the difference in the interest rates between 

two countries as depicted by the UIP.  

 Countries with comparably higher interest rates do not depreciate with equivalent of the 

interest rate differential and actually tend to have appreciating exchange rates.  

Based upon this we construct the following Carry trading strategy for the G10 currencies.  

 Take an equal size long position in the two exchange rates with the highest interest rate 

differentials. 

 Adjust the position monthly. 

The strategy is based upon the gamble that: 

 The investor gains the interest rate differential 

 The exchange rate often appreciates as depicted by the empirical studies 

4.4.3 The Carry strategy at work 

Table 6 below shows the interest rates as pr 28-2-2007 and 30-03-2007 and the investment decision 

based on the criteria defined above.  

 

  

Interest rates Investment Decision 

Date AUD CAD JPY NZD NOK SEK CHF GBP USD EUR Long in Long in 

28-02-2007 6,37 4,35 0,51 7,75 4,20 3,29 2,22 5,52 5,31 3,82 JPY/NZD JPY/AUD 

30-03-2007 6,43 4,35 0,62 7,88 4,43 3,26 2,30 5,50 5,30 3,89 JPY/NZD JPY/AUD 

 = The currency pair with the largest interest rate differential 

 = The currency pair with the second largest interest rate differential 

Table 6: The Carry strategy at work        
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At the end of the period 28-02-2007 the largest interest rates differentials are NZD against JPY and 

AUD against JPY. Therefore a long position is established in these two currency pairs in order to 

gain the interest rate differential as well to capture the expected exchange rate appreciation. The 

strategy is revised at the end of the next month, in this example 30-03-2007. As can be seen in the 

table, the largest interest rate differentials are the same as in the former period. Hence, there are no 

changes in the currency positions. 

4.4.4 Performance of the Carry strategy 

The performance of the Carry strategy over the period from 01-01-1980 to 30-03-2008 is presented 

in table 7 below. An investor with a long position in the currency pair with largest and second 

largest interest rate differential would have yielded a yearly excess return of 7,88% and 4,34%, 

respectively. Combined in our proposed Carry strategy, this gives a yearly excess return of 6,11% 

with a standard deviation of 13,94%. The Carry strategy constitutes one third of our FX index.  

Table 7: Yearly excess return from the Carry strategy 

01.01.1980-  

30.03.2008 

Largest interest rate 

differential 

2nd largest interest 

rate differential 
Carry strategy 

Excess return 7,88% 4,34% 6,11% 

Standard deviation 14,55% 14,82% 13,94% 
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4.5 Constructing the Final FX index 

4.5.1 Introduction 

In the following we will describe the construction of the final FX return index which will be used in 

the portfolio optimisation part later on. First we will describe its construction and then its overall 

return performance. 

4.5.2 The construction of the final FX index 

The final FX index consist of an equally weighted portfolio of the three main strategies: The PPP 

strategy, the Technical strategy and the Carry strategy. The main strategies themselves are, as 

explained in the previous sections, equally weighted portfolios of their respective  component 

strategies.  The final FX index is illustrated below. 
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4.5.3 Performance of the FX index 

In table 8 we have outline the performance of the overall FX index and the main strategies of which 

it consists. From January 1980 to March 2008 the FX index generated an average annual excess 

return of 4,92% with a standard deviation of 7,37%. The returns of the FX index and the main 

strategies will be used in our portfolio optimisation part later on. We will discuss the distributions 

of the returns in later sections. 

 

4.6 Part conclusion 

In this part we have explained how the individual FX strategies are constructed based on the 

findings in the literature review.  A PPP strategy was created based on the notion that exchange 

rates revert to PPP levels and nonlinearity. A UIP strategy was created based on the gamble that 

UIP does not hold, and that high yielding exchange rates appreciate rather than depreciate. A 

technical model was created based on the gamble that exchange rates move in trends, i.e. that strong 

(weak) performing currencies will continue to perform strongly (weakly) in subsequent periods. 

Finally an FX index was created as a weighted average of the strategies above. 

The performance of the individual strategies showed an excess return of between 3,19%-6,11%. 

The FX index was shown to produce a return of 4,92% with a standard deviation of 7,37%. The 

following section will investigate implications of including the FX index in the portfolio of a 

Danish institutional investor.   

  

Table 8: Yearly excess return performance of the FX Index  

01.01.1980-  

30.03.2008 
Technical PPP Carry FX index 

Excess return 3,19% 5,46% 6,11% 4,92% 

Standard deviation 9,18% 10,85% 13,94% 7,37% 
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5.1 Introduction 

In this part we will document the main findings of our portfolio analysis. In 5.2 we will first define 

and discuss the relevant traditional asset classes for the Danish institutional investors. In 5.3 we will 

compare the return performance of the FX strategies and the FX index to the traditional asset 

classes. In 5.4 we will discuss the correlations of the FX returns with traditional asset classes. In 5.5 

we will discuss the relative price of the systematic risk of the FX strategies and FX index using a 

CAPM model. In 5.6 we will show the portfolio effects of including FX as an asset class in a 

portfolio context. We will show this in an unconstrained setting and a setting where we constrain 

the optimization to better reflect the behavior of a Danish institutional investor.  

5.2 Defining the relevant asset classes 

5.2.1 Introduction 

In order to best analyze FX in the portfolio optimization process of Danish institutional investors 

we need to define the other asset classes which the investor considers. We will discuss the overall 

portfolio of institutional investor in Denmark and define the relevant asset classes for the portfolio 

optimization. Clarifying this will set the basis for a realistic and relevant portfolio analysis in later 

sections.  

5.2.2 Relevant asset classes  

The table 9 below shows the investment composition of Danish pension and life insurance funds in 

the period 2002-2007 (Finanstilsynet 2003, 2004, 2005, 2006, 2007, 2008), which we use as a 

proxy for the portfolio of Danish institutional investors. The data is derived from the Danish 

Financial Supervisory body, “Finanstilsynet”, which annually releases data on the investment 

composition of Danish pension and life insurance funds. The period 2002-2007 is chosen due to 

data availability and comparability issues. However, for the purpose of this paper the data gives a 

reasonable indication of how institutional investors have invested over time. In general there 

appears to be three broad asset classes which the institutional investors considered; stocks, bonds 

and real estate. Each asset class will be discussed below.  

 

Part 5: Portfolio optimisation 
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Stocks 

The total investment allocation to stocks makes up about 22% on average over the period 2002-

2007. The two broad sub-categories are Danish and global stocks
8
. The allocation to Danish stocks 

seems to be fairly stable of about 5-7%, whereas the allocation to global stocks shows an increasing 

trend with a range between 10-22%. The increasing trend which the global stocks category 

exhibited over the period is likely to be because the institutional investors have increased the 

allocation during the bull stock market. In terms of the portfolio optimization, we will therefore use 

an index for Danish and global stocks, respectively. Please refer to the data section for definitions of 

the stock indices.  

Bonds 

Bonds are the largest part of the portfolio institutional investors‟ portfolios making up about 66% 

on average throughout the period 2002-2007. For the purpose of the portfolio optimization, we have 

combined the various bond investments into two broad categories, namely Danish bonds and global 

bonds. Danish bonds comprise government, mortgage and index bonds. Danish bonds make up 53% 

of the portfolio on average. The percentage has been between 49% and 57% over the period, 

however, as the numbers suggest there have been a tendency to allocate less to Danish bonds and 

                                                             
8 Stocks includes both listed and unlisted, however, as the unlisted share is very small and arguably insignificant, data for l isted stocks will be used 

for the portfolio optimisation. 

Table 9: Investment composition for Danish Pension funds, including life insurance funds 

 2002 2003 2004 2005 2006 2007 Average 

Asset Class % % % % % % % 

Danish stocks 5,1 5,2 5,3 6,2 6,6 5,7 5,7 

Global stocks 10,1 11,9 13,8 16,4 20,7 22,5 15,9 

Danish bonds (govt, mortgage, index) 56,8 55,1 49,4 53,9 51 49,1 52,5 

Global bonds (govt, EM and high yield) 16,1 15,9 18,9 8,4 8,7 10,5 13,1 

Real estate and property investments 7,4 7,3 7,3 7,2 8,2 8,5 7,7 

Other investments 4,5 4,6 5,3 7,9 4,8 3,8 5,2 
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instead invest in global stocks. As mentioned above, this is likely to be because of the bull stock 

market. Global bonds include government, emerging markets and high yield bonds. Global bonds 

make up about 13% on average of the portfolio, with a range between 8-19%. Similar to the Danish 

bonds, the allocation to global bonds has declined over the period due to investment in global 

stocks. In terms of the portfolio optimization, we will therefore use an index for Danish and global 

bonds, respectively. Please refer to the data section for definitions of the bond indices. 

Property 

Property investments make up a fairly consistent part of the portfolio of about 7-8% over the period 

2002-2007. It is difficult to construct or obtain a reliable index which will reflect historically (from 

1980 to 2007) the total returns from real estate investments. An index of housing prices for instance 

would fail to reflect rental revenue from real estate property, as well as ownership taxes etc. 

Because of these data issues and the fact that property investments make up a relatively small 

proportion of the historical portfolio the authors have decided to exclude property investments as an 

asset class, in the optimization part. However, for illustrative purposes we will include an appendix 

(appendix 1) where a house price index is used in the portfolio optimization as a benchmark for 

property investments.  

Other 

Other investments comprise 5,2% of the institutional investors portfolios on average over the period 

2002-2007. The category includes the investments that does not fit into one of the above categories 

and could be anything from investments in hedge funds, commodities and currencies. As it is not 

clear from the data what investments are included in this category it will not be included in the 

portfolio optimization. 

5.2.3 Part conclusion 

In this section we defined the asset classes which Danish institutional investors traditionally 

consider. We looked at the average investment composition during the period 2002-2007 and found 

that they consider a mix of stock, bonds and real estate investments. We have decided to include 

two indices of Danish and global stocks, respectively. Also, we have included two bond indices of 

Danish and global bonds, respectively. Real estate investments are not included in the portfolio 

analysis due to the lack of a representative index. 
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5.3 Risk/Return characteristics 

5.3.1 Introduction 

In this section we will briefly compare the risk/return characteristics of the FX index, the FX 

individual strategies and the other assets our defined investor includes in the portfolio.  

 5.3.2 Characteristics 

The annualized risk/return characteristics of the 

different assets in the period 1980-2008 are 

summarized in table 10. The results provide an 

interesting comparison of the FX index, as well 

as its individual components, to both global and 

Danish bonds and stocks. Global stocks perform 

relatively poorly to the other assets as the 

Sharpe ratio is only 0.24. The best performing 

asset is the FX index with a Sharpe ratio of 

0.67, which is more than the double the 

category of global stocks. Of the individual 

components in the FX index, the PPP strategy 

yields the highest Sharpe ratio of 0.50 and the 

Technical strategy the lowest with a Sharpe 

ratio of 0.35. The Danish bonds index performs much better than the global bond index, with a 

Sharpe ratio of 0.62 compared to 0.37, thus outperforming both stock indices. The large difference 

in the bonds indices reflects a strong Danish bond index, which yield a slightly higher return than 

the global bond index but with less standard deviation.   

5.3.3 Part conclusion 

Overall, the results show that the FX index provided superior risk adjusted returns in the period 

compared to both stock and bonds. In terms of the individual FX strategies the picture is slightly 

more blurred, as the global stock and bond index is outperformed but the Danish bond and stock 

index holds its own. 

  

Table 10: Yearly return Performance  

1980-2008 
Excess 

Return 

Standard 

deviation 
Sharpe 

 Danish bonds  2,41% 3,89% 0,62 

Global bonds 2,39% 6,43% 0,37 

Global stocks  3,95% 16,32% 0,24 

Danish stocks 7,73% 18,14% 0,43 

Technical strategy 3,19% 9,18% 0,35 

Carry strategy 6,11% 13,94% 0,44 

PPP strategy 5,46% 10,85% 0,50 

FX index 4,92% 7,37% 0,67 
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5.4 Correlations 

5.4.1 Introduction 

We have shown above that the FX index provides favourable risk adjusted returns. The second key 

component which will determine the role of the FX index in an optimal portfolio is its correlation 

coefficient, which will show to which extent the asset class provides potential for diversification. 

We will first discuss the correlations between the FX index with stocks and bonds. Secondly we 

will comment on the correlation coefficients between the individual FX strategies. The correlation 

coefficients commented on in the following section are shown in table 11. 

5.4.2 The correlation of FX with stocks and bonds 

FX and stocks 

The returns on the FX index and stocks are slightly positively correlated, which provide 

diversification benefits in the portfolio optimisation. The correlation coefficient with global stocks 

is 0.21, whereas with Danish stocks it is 0.15. In terms of the individual FX strategies, the PPP 

strategy is the most correlated with both stock indices having a correlation coefficient of 0.26 and 

0.15 against global and Danish stocks, respectively. The Carry and Technical strategies have a 

small positive correlation but are both below 0.10 versus both stock indices.  

FX and Bonds 

The returns between the FX index and the bond indices are virtually uncorrelated, as it is correlated 

by only 0.02 and 0.07 versus global bonds and Danish bonds, respectively. When looking at the 

correlation coefficients of the individual FX strategies the picture is much the same. For the three 

individual FX strategies the correlation coefficients are between -0.01 and 0.08, i.e. almost 

uncorrelated. Hence, as the correlations suggest FX in general provides diversification benefits in 

terms of a pure bond portfolio.  

Correlations among FX index and individual strategies 

The three individual strategies make up the FX index, which naturally means they will be positively 

correlated with the index. Between the individual strategies it is interesting to note the Technical 

strategy is negatively correlated with the PPP strategy and remains almost uncorrelated with the 

Carry strategy. It is difficult to read too much into the negative correlation between the PPP and 

Technical strategies but an explanation might be that the PPP strategy will take long position in 
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currencies which have depreciated sufficiently, whereas the Technical strategy will potentially take 

short positions in such currencies.  

 

Table 11: Correlation matrix  

  

 Danish 

bonds  

 Global 

bonds  

 Global 

stocks  

 Danish 

stocks  

 Tech-

nical  PPP Carry 

 FX 

index  

 Danish bonds  1 0,02 0,12 0,21 0,01 0,08 0,04 0,07 

 Global  bonds 0,02 1 -0,17 -0,1 0,05 0,02 -0,01 0,02 

 Global stocks  0,12 -0,17 1 0,6 0,06 0,26 0,09 0,21 

 Danish stocks  0,21 -0,1 0,6 1 0,08 0,15 0,07 0,15 

Technical strategy 0,01 0,05 0,06 0,08 1 -0,23 0,08 0,36 

 PPP strategy 0,08 0,02 0,26 0,15 -0,23 1 0,38 0,64 

 Carry strategy 0,04 -0,01 0,09 0,07 0,08 0,38 1 0,85 

 FX index  0,07 0,02 0,21 0,15 0,36 0,64 0,85 1 

 

5.4.3 Part conclusion 

We have shown that FX returns in general are correlated very little with both bonds and stocks. The 

correlation with stocks is slightly more positive than that of bonds, but remains only slightly 

positive. The low correlations with both assets classes mean that there are significant diversification 

benefits to be achieved by including non-discretionary FX strategies in the portfolio optimisation.  
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5.5 FX in a CAPM setting 

5.5.1 Introduction 

So far we have seen that the FX strategies provided risk adjusted return in the time period analyzed 

which are on level with or better than traditional asset classes. We have also seen that the returns 

from the FX strategies exhibited very low correlation with the other asset classes. Clearly these are 

favorable traits in terms of portfolio optimization but before analyzing that (in section 5.6), we will 

in this part discuss the return characteristics of the FX index and strategies in terms of a closely 

related cousin to mean-variance optimization, the Capital Asset Pricing Model (CAPM). 

5.5.2 The market portfolio  

For a large Danish institutional investor with a well diversified portfolio, the CAPM argues that the 

only relevant risk of a new asset class is the systematic risk as measured by Beta. For the CAPM 

model we define the market portfolio as the optimal portfolio that an investor could create with the 

main asset classes as defined in section 5.2, excluding the FX index.  The market portfolio thus 

derived is illustrated in the table 12. This portfolio is broadly in line with the composition of the 

portfolios of the Danish institutional investors, and therefore we accept it as decent measure of the 

market portfolio in the CAPM
9
. 

 

 

 

 

 

 

 

 

 

 

                                                             
9
 One could argue that it would be more appropriate to use  the average of the portfolio composition of the investors historically, but first of all there 

is only reliable information back to 2002, and secondly using a suboptimal portfolio as the market portfolio would bias positively our conclusions 

regarding FX as an asset class.  

Table 12: Market portfolio 

Asset class Weight 

Global bonds 28,2% 

Global stocks 1,4% 

Danish stocks 8,1% 

Danish bonds 62,3% 

  

Average return 9,50% 

Beta 1 
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5.5.3 The performance of the FX index and strategies in the CAPM 

Having defined the market portfolio we can derive the alpha and betas of the FX strategies. The 

results are summarized in table 13 and illustrated graphically in graph 9. The following main results 

can be derived from the analysis of the FX index and strategies in the CAPM.   

First of all it appears that the FX strategies have significantly less systematic risk, as measured by 

beta, than the market portfolio. In particular the Technical strategy seem to provide returns based 

entirely on non-systematic risk with a beta as low as 0,04. The FX strategy with the highest beta is 

the PPP strategy with a beta of 0,38 

Secondly, and more importantly, the FX strategies all provided higher returns than one would 

expect given their systematic risk, which implies that the asset-class as defined in this paper is 

currently undervalued. Furthermore, the excess return of the FX strategies over the predicted return 

of the CAPM-model, as measured by Jensen´s Alpha, is statistically significant for all FX strategies 

(albeit only at the 10% level for the Technical strategy). For the FX index used in the optimisation 

in the next section the Jensen Alpha is stastically signficant even at the 1% level. 
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Graph 9: Capital Asset Pricing Model
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Table 13: Performance of FX in the CAPM Model 

Strategy-index Beta Jensen´s Alpha* P-value (alpha) 

Technical 0,04 3,06% 0,082 

PPP 0,38 4,38% 0,036 

Carry 0,26 5,36% 0,049 

FX index 0,23 4,27% 0,003 

* (annualized from monthly regressions) 
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5.5.4 Part conclusion 

Altogether the results presented in this section strongly supports the notion of FX as a viable asset 

class. The FX index and strategies appear to exhibit low market risk and, albeit with some 

differences between the indices, is a source of stastically significant Jensen´s Alpha which in turn 

implies that the asset class is undervalued. 

5.6 Portfolio effects of FX 

Until now we have seen strong indicatory evidence that non-discretionary FX strategies have a 

definite role to play in the portfolios of Danish institutional investors. We have seen that the FX 

strategies provide systematic risk adjusted returns, which are competitive to those of traditional 

asset classes. Furthermore, FX returns exhibit low to zero correlation with existing asset classes. 

Finally the asset class appears to generate significant Jensen´s Alpha. In this part we show the 

results of the portfolio optimization.  In 5.6.1 we will discuss the impacts of including the FX index 

as an asset of the optimal portfolio in an unconstrained setting. In 5.6.2 we will discuss it in a 

constrained setting. 

5.6.1 Unconstrained optimization 

The optimal portfolio before including the FX index (see table 14), would consists of holding 

roughly 62% and 28% in Danish and Global bonds respectively, as well as a holding roughly 8% in 

both Danish stocks and 1% global stocks. An investor holding this portfolio would receive an 

average yearly return of 9,50%, with 3,60% in standard deviation and a Sharpe ratio of 0,79.  

The impact after including the FX index is illustrated graphically in graph 10, and numerically in 

table 14. The portfolio optimization shows that investors should have invested 28,5% in the FX 

index. The optimal portfolio after including the FX index would generate an average annual return 

of 10,06%, with 3,47% in standard deviation and a Sharpe ratio of 0,98; an improvement in the 

Sharpe ratio of approximately 24%. 

Furthermore, it is also clear from the efficient frontiers in graph 10, that including the FX index 

improves the opportunity set of investors in that the they can achieve greater return for the same 

standard deviation.  
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Table 14: Optimal Portfolios 1980-2008 

   Unconstrained Constrained 

  Excl. FX 
Incl. FX 

Index 
Excl. FX 

Incl. FX 

Index 

Fraction in: Danish stocks 8,1% 5,9% 10,0% 10,0% 

 Danish bonds 62,3% 46,8% 55,7% 35,0% 

 Global stocks 1,4% -1,4% 5,0% 5,0% 

 Global bonds 28,2% 20,2% 29,3% 22,6% 

 FX index 0% 28,5% 0% 27,4% 

      

Portfolio characteristics:  Excl. FX 
Incl. FX 

Index 
Excl. FX 

Incl. FX 

Index 

 Return 9,50% 10,06% 9,66% 10,35% 

 
Standard 

deviation 
3,60% 3,47% 3,88% 4,07% 

 Sharpe Ratio 0,79 0,98 0,78 0,91 

Percentage Improvement in Sharpe Ratio 

compared with no FX 
0 24% 0 17% 
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5.6.2 Constrained optimization 

One problem with the unconstrained optimization is that it does not take into account the nature of 

the Danish Institutional investor. While Danish institutional investors hold large bond portfolios, it 

clearly appears unlikely that large Danish institutional investors would have a combined stock 

portfolio of just 4,5% from 1980-2008 as predicted by our unconstrained optimization including the 

FX index.  In this section we enforce a larger holding of stock upon the investor and see how the 

FX index performs under such circumstances, where it will have prove its existence vis-à-vis the 

stronger performing bond indices. Based on the investor description in section 5.2 we have 

constructed a set of constraints which are illustrated in table 15 below. 

Table 15: Constraint overview 

Asset class Constraint 

Industry 

average 

(2002-2007) 

Combined 

constraint 

Industry 

average 

(2002-2007) 

Danish bonds >= 35% 53% 
>=50% 65,60% 

Global bonds >= 5% 13,10% 

Danish stocks >= 2% 5,70% 
>=15% 21,60% 

Global stocks >=5% 15,90% 

The most important constraint, in terms of effect on the optimal portfolio, is the one imposed on 

stocks. As described in section, 5.2 from 2002-2007 the average holding in stocks was 21,6%, while 

our analysis only mandates a much smaller holding of stocks, and even shorting global stocks. We 

have little reason to suspect that holdings in stocks have on average been considerably less than 

what has been seen in the last 6 years and therefore we have imposed a minimum restriction on 

holding in stocks of 15%, also incorporating some constraints to ensure that both Danish stocks and 

global stocks are represented positively in the portfolio. Historically, the most important asset class 

for the Danish institutional investors is the bond portfolio. To reflect this we impose the restriction 

that the bond portfolio must make up at least 50% of the overall portfolio. Danish bonds must be 

represented with at least 35% of the portfolio and global bonds must be represented with at least 5% 

of the portfolio. Having used these constraints to create a more realistic optimization problem we 

have conducted the optimization again. The results are summarized in table 14. 
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While the results from optimization under constraints is similar to the unconstrained optimization in 

terms of weights the FX index should be assigned in a portfolio, the improvement in the Sharpe 

ratio is significantly reduced from 24% to 17%.  This is not in itself surprising because the FX 

index is now competing with stronger asset classes (in particular Danish bonds), than it was in the 

unconstrained setting where stocks played a very insignificant part of the portfolio. It does, 

however, show that the gains from investments in non-discretionary FX strategies are investor 

specific and subject to considerable variation, if the underlying assumptions change. 

5.6.3 Part conclusion 

Altogether the results from the portfolio optimisation are supportive of FX merits as an asset class, 

improving the opportunities of investors by expanding the efficient frontier. It was shown that the 

FX index should represent over 27% of the optimal portfolio both in an unconstrained and 

constrained setting where the investment behaviour of the Danish institutional investor is taken into 

account. It was, however, shown that the improvements in the Sharpe ratio dropped noticeably in 

the constrained analysis vis-à-vis the unconstrained analysis, implying that the benefits from 

investing in non-discretionary FX strategies are significantly impacted by changes in the underlying 

assumptions. 
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5.7 Part conclusion 

In this part we outlined the investment composition of Danish institutional investors in order to 

compare the FX index to other relevant asset classes. We found that they mainly allocate their 

capital to traditional asset classes such as stocks, bonds and real estate investments. Compared to 

these other asset classes we found that the FX index provided superior risk adjusted returns, with a 

Sharpe ratio of 0.67, compared to the traditional asset classes with Sharpe ratios between 0,24 and 

0,62.  Of the individual strategies the PPP strategy generated the highest Sharpe ratio (0,50) and the 

Technical strategy the lowest (0,35) 

Furthermore, we found that the FX index had very little correlation to both stock (0,15 to 0,21) and 

in particular bonds (0,02 to 0,07), which means there are potentially significant diversification 

benefits to be achieved. The individual FX strategies also exhibited low correlation with stocks 

(0,06 to 0,26) and bonds (-0,01 to 0,08). 

 In a CAPM framework it was also shown that the FX index exhibited low market risk (beta= 0,23) 

and statistically significant Jensen‟s Alpha (at the 1% level) which implies that the FX index is an 

undervalued asset. Of the individual strategies, the Technical strategy exhibited the lowest market 

risk (beta= 0,04) and the PPP strategy the highest (beta= 0,38). All FX strategies generated 

statistically significant Jensen Alpha (at the 5% level for the PPP and carry strategy; at the 10% 

level for the technical strategy). 

The results from the portfolio optimization were also promising. The efficient frontier expanded 

improving the possibilities of Danish Institutional investors. In both an unconstrained and 

constrained setting it was shown that the FX index should represent more than 27% of the optimal 

portfolio. The improvements in the Sharpe ratio, however, dropped noticeably in the constrained 

analysis compared to the unconstrained analysis, implying that the benefits of the FX index are 

impacted by the underlying assumptions of the analysis. 

Overall the portfolio analysis showed that investing in a set of non-discretionary FX strategies has 

clear potential for Danish Institutional investors. In the next part, we will analyze how sensitive and 

stable the results in this part are under certain scenarios.  
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6.1 Introduction 

In this part we will conduct a series of analysis in order to test the underlying assumptions and 

sensitivity of the main results in our analysis. In part 6.2 we will investigate show the stability of 

portfolio weights over time. In part 6.3 we will investigate the stability of correlations coefficients 

in bull and bear stock markets. In part 6.4 we will incorporate transaction costs into our analysis and 

see if and how it changes the main results. Finally in part 6.5 we will discuss the distributions of the 

returns from our findings.  

6.2 Stability of weights over time 

6.2.1 Introduction 

Over the period analysed, the FX index was shown to constitute a substantial part of the optimal 

portfolio.  This section will therefore examine the optimal portfolio over time, both to determine if 

the positive performance is attributed to a certain time period, but also to see if it has had a 

relatively stable weight. A favourable result would be stable portfolio weights over time because 

this would indicate that an institutional investor would not have to be concerned with readjusting 

portfolio weights continuously. We have divided the data set in two periods of roughly even size: 

Period 1:  January 1
st
 1980 to June 30th 1994 

Period 2: July 1
st
 1994 to March 30

th
 2008  

The optimisation is conducted in both an unconstrained setting and a constrained setting and 

differences in the risk-free rate in the periods is taken into account.  

6.2.2 Stability of weights 

The results of the optimisation in the different periods are summarized in table 16.  In general the 

weights attributed to the FX index are stable in the period analysed. In an unconstrained setting the 

FX index should have made up 28% of the optimal portfolio in the first periods and 24% in the 

second period. In a constrained setting
10

 there is slightly more fluctuation in the weights as the FX 

index should have made up 28,3% of the optimal portfolio in the first period and only 19,3% in the 

                                                             
10 See section 5.6.2 for definitions of constraints. 
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second period. That being said the other asset classes involved in the optimisation in general 

showed far greater weight instability. In an unconstrained setting the world bond index, for 

instance, should have only have constituted 17,1% of the optimal portfolio in the first period but 

31,9% in the second period. Another example is the global stock index, which should have 

constituted 4% of the portfolio in the first period but should have been shorted with 5,8% in the 

second period. Altogether the weight assigned to the FX index appears to be relatively stable when 

considering different time periods, also when compared to other asset classes 

.  

 6.2.3 Part conclusion 

Altogether the weight assigned to the FX index appears to be relatively insensitive to the time 

period analysed. The weight in the FX index showed some fluctuation in both a constrained and 

unconstrained setting, however, the fluctuations were small compared to those observed in other 

asset classes. Regardless of time periods and constraints the proportion to invest in the FX index 

never went below 19%. These results are in general favourable for the validity of the FX index as a 

long-term and relatively weight-stable investment. 

Table 16: Optimal Portfolios 1980-2008 

   Unconstrained Constrained 

   
Jan. 1980 

Mar. 2008 

Jan. 1980 

Jun. 1994 

Jul. 1994 

Mar. 

2008 

Jan. 1980 

Mar. 2008 

Jan. 1980 

Jun. 1994 

Jul. 1994 

Mar. 2008 

Fraction  

in: 

Danish 

stocks 
5,9% 1,7% 9,2% 10,0% 6,1% 10,0% 

  
Danish 

bonds 
46,8% 49,2% 40,5% 35,0% 36,7% 35,0% 

  
Global 

stocks 
-1,4% 4,0% -5,8% 5,0% 8,9% 5,0% 

 
Global 

bonds 
20,2% 17,1% 31,9% 22,6% 20,0% 30,7% 

 
FX 

index 
28,5% 28,0% 24,2% 27,4% 28,3% 19,3% 
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6.3 Sensitivity analysis: Bull and bear stock markets correlations 

6.3.1 Introduction 

In section 5.4, we showed favourable correlation coefficients between the FX index and stocks and 

bonds. In general we found that the FX index was virtually uncorrelated with bonds and only 

exhibited a small positive correlation with stocks. An intriguing question however is whether these 

correlation coefficients change under different stock market conditions. In particular what happens 

to the correlations of the FX index and stocks in bull and bear stock markets? It‟s hard to say a 

priori what to expect. In general a favourable result would be that correlations are stable over time, 

or even better that the FX index is negatively correlated with stocks in bear markets and positively 

correlated in bull markets. To analyse this scenario, we will use both the FX index and the 

individual strategies. However, the focus will be on the FX index, as it is a test for overall asset 

class stability. 

6.3.2 Defining bull and bear stock markets 

Bull (bear) markets are traditionally defined as a “prolonged period of rising (falling) asset prices” 

(Investorwords, 2008).  Stock market tends generally to trend upwards over time, i.e. being in a bull 

market, therefore we focus on identifying the bear market during the period 1980-2008. As the 

definition is not clear cut, we complement the definition with a rule of thumb sometimes used in 

determining bear markets. The rule of thumb is that if that asset prices has to fallen by 20% from 

the recent peak, then there is a bear market (CNN Money, 2008).  

In order to determine the bear markets, we look at 2 year rolling returns as this fulfills the prolonged 

period criteria and excludes short term market corrections. Furthermore, we apply the rule of thumb 

of a 20% decline to determine where there has been a bear market period. As can be seen on graph 

11 below two bear markets can be identified during the period 1980-2008. It is important to note 

that the method only identifies bear markets and not determine when exactly they start and end. To 

identify the exact bull and bear market periods we look into the data set to find the peaks and 

throughs.   
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The data set reveals following bull and bear periods between 1980-2003. We will exclude the most 

recent bull market from March 2003 as it not clear whether we have entered a bear market yet or 

that it is a market correction. 

Bull market from 1980 to August 1989 

Bear market from September 1989 to November 1991 

Bull market from December 1991 to August 2000 

Bear market from September 2000 to March 2003 

6.3.3 Correlations during bull stock markets 

The correlation coefficients during the two bull markets identified in the data set are summarized in 

table 17 below. The correlation between the FX index and bonds is practically unchanged compared 

to the overall correlations. Even the correlation between the individual FX strategies and bonds 

remains almost unchanged. With respect to the correlations between stocks and the FX index and 

strategies, there is little change compared to the overall period. The FX index and strategies remain 

slightly positive correlated with stocks. The overall picture suggests correlations are stable during 

bull markets when compared to the overall period. However, part of the reason correlations are 

close is that bull markets account for the majority of observations in the data set.  
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Graph 11: 2 year rolling returns
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Table 17: Correlations (Bull/Bear analysis) 

Correlation matrix: Overall  

 
Danish 

bonds 

Global 

bonds 

Global 

stocks 

Danish 

stocks 
Technical PPP Carry 

FX 

index 

Danish bonds 1 0,02 0,12 0,21 0,01 0,08 0,04 0,07 

Global bonds 0,02 1 -0,17 -0,1 0,05 0,02 -0,01 0,02 

Global stocks 0,12 -0,17 1 0,6 0,06 0,26 0,09 0,21 

Danish stocks 0,21 -0,1 0,6 1 0,08 0,15 0,07 0,15 

Technical 0,01 0,05 0,06 0,08 1 -0,23 0,08 0,36 

PPP 0,08 0,02 0,26 0,15 -0,23 1 0,38 0,64 

Carry 0,04 -0,01 0,09 0,07 0,08 0,38 1 0,85 

FX index 0,07 0,02 0,21 0,15 0,36 0,64 0,85 1 

Correlation matrix: Bull market 

 
Danish 

bonds 

Global 

bonds 

Global 

stocks 

Danish 

stocks 
Technical PPP Carry 

FX 

index 

Danish bonds 1 0,02 0,23 0,36 -0,02 0,1 0,04 0,07 

Global bonds 0,02 1 -0,21 -0,12 0,04 0,03 -0,03 0,01 

Global stocks 0,23 -0,21 1 0,53 0,11 0,21 0,12 0,22 

Danish stocks 0,36 -0,12 0,53 1 0,08 0,1 0,06 0,11 

Technical -0,02 0,04 0,11 0,08 1 -0,26 0,05 0,31 

PPP 0,1 0,03 0,21 0,1 -0,26 1 0,5 0,67 

Carry 0,04 -0,03 0,12 0,06 0,05 0,5 1 0,88 

FX index 0,07 0,01 0,22 0,11 0,31 0,67 0,88 1 

Correlation matrix: Bear market 

 
Danish 

bonds 

Global 

bonds 

Global 

stocks 

Danish 

stocks 
Technical PPP Carry 

FX 

index 

Danish bonds 1 -0,07 -0,03 -0,03 0,08 -0,18 0,08 -0,03 

Global bonds -0,07 1 -0,1 -0,2 -0,16 -0,11 0,06 -0,13 

Global stocks -0,03 -0,1 1 0,74 -0,19 0,38 -0,16 0,06 

Danish stocks -0,03 -0,2 0,74 1 0,02 0,31 0 0,24 

Technical 0,08 -0,16 -0,19 0,02 1 -0,18 0,02 0,44 

PPP -0,18 -0,11 0,38 0,31 -0,18 1 -0,21 0,5 

Carry 0,08 0,06 -0,16 0 0,02 -0,21 1 0,56 

FX index -0,03 -0,13 0,06 0,24 0,44 0,5 0,56 1 
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6.3.4 Correlations during bear stock markets 

The correlations during the two bear markets are presented in table 17 above. It is interesting to note 

that the correlations between the FX index and bonds changes signs from being small positive to 

being tiny small negative. The most notable change in the correlation between the individual FX 

strategies and bonds is the PPP strategy, which changes from tiny positive to small negative. With 

regards to stocks and the FX index and strategies there is little change. The FX index becomes 

slightly less positively correlated with global stocks, but turn out to be somewhat more positively 

correlated with Danish stocks. There are some interesting changes in the correlations between the 

individual FX strategies and global stocks in particular. The correlation between global stocks and 

the Technical strategy and Carry strategy turns negative from being positive in the overall period. 

Also the PPP strategy becomes slightly more positive correlated with both world and Danish stocks 

during bear markets. Although the individual strategies reveal some interesting changes it is 

difficult to conclude too much. We also note that the correlations between the individual strategies 

and the FX index turn more similar during bear market compared to the overall period.  

6.3.5 Part conclusion 

The correlation coefficients of the FX index and strategies remain more stable during bull markets 

than compared to bear markets. Part of the explanation is that bull markets account for a larger part 

of the data set, and therefore will tend to be closer to the correlations for the overall period. 

However, we note that correlations are practically unchanged during bull markets compared to the 

overall period. During bear markets the correlations between bonds and the FX index and strategies 

turn a little negative from being positive during the overall period. When comparing the correlations 

of the FX index to stocks there is little change. Overall this suggests that correlations remain fairly 

stable during both bull and bear markets and remain almost uncorrelated with both bonds and 

stocks. 
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6.4 Incorporating transaction costs 

6.4.1 Introduction 

The analysis of systematic FX returns, and its role in the portfolio optimization, has so far neglected 

transaction costs. Potentially, transaction costs can deteriorate returns to an extent that FX may no 

longer be an attractive investment opportunity. In the following section, we will therefore examine 

the impact of transaction costs and see if it changes the general results drastically.  

6.4.2 Defining the level of transaction costs 

In technical analysis literature there has been much debate over transaction costs and the extent to 

which this would impact results. In early studies, transaction costs were ignored therefore critics of 

technical analysis used this as evidence against it. However, later studies included transactions costs 

and some of the estimates used in those studies we find useful as a comparison to our own. As an 

example Chang and Osler (1999) used an estimate of 0.05% for a round trip transaction in the 

sample period 1973-1994. Furthermore, LeBaron (1999) comments that transaction costs of 0.1% is 

a reasonable upper bound facing foreign exchange traders and that this estimate is used in many 

other studies (e.g. Bilson and Hsieh, 1987).  

To find an estimate of transaction cost we took the bid/ask spread of six major us dollar exchange 

rates since 1985
11

. We calculated the percentage of the bid/ask spread in terms of the exchange rate 

and found an average estimate of 0.08% per trade. This means for a round trip transaction the 

transaction costs will be 2 x 0.08%, i.e. 0.16%. Compared to estimates used by other studies this is 

arguably a high estimate. 

It is interesting to note, however, that during the period transaction costs have decreased 

dramatically. As graph 12 shows, the average transaction costs have fallen from about 0.11% during 

the period 1985-1990 to about 0.05% during 2001-2008, i.e. more than 50%. Hence, using an 

average estimate of 0.08% per trade is arguably conservative.  

 

 

 

                                                             
11

 See section 2.3.4 for a data description. 
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Graph 12: Transaction cost

Table 18: Overview of yearly return Performance 

1980-2008 Excess Return STD Sharpe 

Danish bonds 2,41% 3,89% 0,619 

World bonds 2,39% 6,43% 0,372 

Global stocks 3,95% 16,32% 0,242 

Danish stocks 7,73% 18,14% 0,426 

Technical 1,27% 9,18% 0,138 

PPP 3,54% 10,85% 0,326 

Carry 4,19% 13,94% 0,300 

FX index 3,00% 7,37% 0,407 

Incl. 0,16% transaction costs 
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6.4.3 Impact on risk adjusted returns 

Incorporating transactions costs of 0,16% per round trip, has significant influence on the risk 

adjusted returns of FX strategies and the FX index. In terms of the Sharpe ratio, all strategy indices 

are inferior to the Danish bonds, Danish stocks and global bonds. The FX index is still superior to 

the world bond and the global stock index but inferior to the Danish bond and stock indices. Clearly 

incorporating transaction costs reduces the attractiveness of the asset class. The question is now 

whether it still will play a significant part of an optimal portfolio. 

6.4.4 Impact on the performance of FX in CAPM 

In our main analysis we showed that FX is an asset class with relatively low market risk and 

significant Jensen‟s Alphas. The introduction of transaction costs changes this picture somewhat as 

the Jensen‟s Alphas are no longer statistically significant for the individual strategies. However, the 

FX index still generates significant Jensen‟s Alphas at a 10% significance level using the 

conservative estimate of transaction costs. These numbers suggest that the FX index is somewhat 

undervalued as an asset class even when conservative transaction costs are incorporated. 

Table 19: Performance of FX in the CAPM Model  

Strategy-index Beta Jensen´s Alpha* P-value (alpha) 

Technical 0,04 1,14% 51,6% 

PPP 0,38 2,46% 23,7% 

Carry 0,26 3,44% 20,5% 

FX index 0,23 2,35% 9,7% 

* (annualized from monthly regressions, incl. 0,16% transaction costs) 

6.4.5 Sensitivity of transaction costs to the portfolio allocation 

We have seen that incorporating transaction costs implies a significant reduction in the Sharpe ratio 

and in the CAPM only the FX index exhibits potentially significant Jensen´s Alpha.  These findings 

could imply that FX will no longer play a significant role in optimal investor portfolios. In the 

following we will look closer at the portfolio allocation and see how sensitive the allocation to the 

FX index is given certain levels of transaction costs. We will examine the allocation to the FX index 

both with and without portfolio constraints in order to get the most balanced picture  
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Unconstrained portfolio 

Table 20 shows the sensitivity of the allocation to the FX index for the unconstrained portfolio 

given a certain level of transaction costs. As can be seen, the introduction of transaction cost 

impacts the allocation significantly. For the base scenario with transaction costs of 0.16% the 

allocation to the FX index drops by 11,4 percentage points compared to no transaction costs. If 

assuming unrealistic high transaction costs of 0.35% the FX index is removed from the portfolio 

allocation.  Using the LeBaron (1999) estimate of transaction costs of 0.10% for a round trip, would 

mean that 22% of the portfolio should still be in the FX index. Hence, although the FX index is 

sensitive to transaction costs it should still have a significant part of the portfolio allocation under a 

realistic level of transaction costs.  

Table 20: Sensitivity of portfolio allocation (unconstrained) 

Transaction costs 0,00% 0,05% 0,10% 0,16% 0,20% 0,25% 0,30% 0,35% 

Global bonds 20,2% 21,1% 22,1% 23,4% 24,3% 25,5% 26,9% 28,3% 

Global stocks -1,4% -1,1% -0,7% -0,3% 0,0% 0,5% 0,9% 1,4% 

Danish stocks 5,9% 6,1% 6,4% 6,8% 7,0% 7,3% 7,7% 8,1% 

FX index 28,5% 25,2% 21,7% 17,1% 13,8% 9,5% 4,8% -0,3% 

Danish bonds 46,8% 48,6% 50,5% 53,0% 54,8% 57,2% 59,7% 62,5% 

 

Constrained portfolio
12

 

Table 21 shows the sensitivity of the allocation to the FX index for the constrained portfolio given 

certain levels of transaction costs. The picture is similar to the unconstrained portfolio in that the 

FX index is sensitive to transaction costs. However, worth noting under the constrained portfolio is 

that the allocation to the FX index is even more sensitive to transaction costs than under the 

unconstrained portfolio. The FX index is almost removed from the portfolio allocation already with 

transaction costs of 0.30% compared to 0.35% under the unconstrained portfolio. Furthermore, 

under the base scenario with transaction costs of 0.16% the allocation to the FX index is slightly 

lower compared to the unconstrained portfolio. Although the FX index is sensitive to transaction 

costs it still hold a significant part of the portfolio, as mentioned above. 

 

                                                             
12

 See section 5.6.2 for definitions of constraints 
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Table 21: Sensitivity of portfolio allocation (constrained) 

Transaction cost 0,00% 0,05% 0,10% 0,16% 0,20% 0,25% 0,30% 0,35% 

Global bonds 22,6% 23,6% 24,6% 25,9% 26,8% 28,0% 29,2% 30,4% 

Global stocks 5,0% 5,0% 5,0% 5,0% 5,0% 5,0% 5,0% 5,0% 

Danish stocks 10,0% 10,0% 10,0% 10,0% 10,0% 10,0% 10,0% 10,0% 

FX index 27,4% 23,4% 19,2% 14,0% 10,3% 5,6% 0,7% -4,3% 

Danish bonds 35,0% 38,0% 41,2% 45,1% 47,9% 51,4% 55,1% 58,9% 

 

6.4.6 Part conclusion 

In this part we have shown the impact of introducing transaction costs to the FX index. Using an 

arguably conservative estimate of transaction costs of 0.16% per round trip we find that: 

A)  Risk adjusted returns, measured by the Sharpe ratio, are significantly reduced for the FX 

strategies and the FX index only outperforms the global stock and world bond indices. 

B) The significant Jensen´s Alpha described in section 5.5, is no longer significant when 

incorporating transaction cost for the FX strategies. The FX index still has significant 

Jensen´s Alpha at the 10% level after incorporating transaction costs. 

C) In spite of A, B the FX index still constitutes a significant part of an optimal portfolio 

(21,7%-14%) using realistic transactions cost expectations (0,1% to 0,16%). The authors 

attribute this finding to the favorable correlation characteristics of the FX index. The 

sensitivity of the FX allocation was considerable when adjusting the level of transaction 

costs under both the unconstrained and constrained portfolios. At transactions costs of 

0,35% costs the FX index no longer had a positive weight in the portfolio. 
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6.5 Distribution of FX returns 

6.5.1 Introduction 

There appears to be general consensus in the empirical literature that FX return distributions are 

leptokurtic, i.e.  they are peaked and have fat tails. (e.g. Huismen Et. Al, 2002; Boothe and 

Glassman, 1987; Friedmann and Vanderstel, 1982). This implies that outliers have significant 

influence on the variance of FX returns.    

By their nature the sum of the skewness of all FX return distributions will be zero. For instance if 

the return-distribution of a position in AUD/JPY in is negatively skewed, the return from a position 

in JPY/AUD must be positively skewed to the exact same extent. It has however been shown that 

particular trading patterns may lead to skewed return distributions. In a study on the returns from 

carry trading, Brunnermeier et al (2008) find that negative skewness in exchange rate movements 

are positively correlated to the interest rate differential between the respective currencies. They 

argue that the negative skewness is consistent with a model where fundamental shocks creates 

losses for carry traders and where they, as a consequence, are forced to collectively unwind their 

positions due to funding constraints.  The immediate relevance for this paper is highlighted in their 

final conclusion: 

“investing in high-interest rate currencies while borrowing in low-interest rate currencies delivers 

negatively skewed returns” (Brunnermeier et al., 2008, p.29 ). 

Basically what this all comes down to is whether variance and standard deviation are a good 

measure of the risk associated with an investment in the FX market.  If there is considerable 

negative skewness in the return distributions, investors must factor in that a considerable part of the 

variance is caused by larger losses than what a normal distribution would imply.  Similarly a 

leptokurtic distribution (high kurtosis) of returns forces the investor to factor in that extreme 

observations will occur with greater likelihood than what a normal distribution would imply. In the 

presence of kurtosis and skewness investors may not consider variance and standard deviation 

appropriate risk measures and therefore investment behavior may differ from what the results of a 

mean/variance optimization framework (as utilized in this paper) predicts. 
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In this section we will delve deeper into the issue concerning the return distributions of our 

strategies. We will analyze the return distributions of each of the strategies which we created 

including the FX Index. The main results of the analysis are summarized in table 22. Note that we 

use the SAS 9.1 definition of skewness
13

 and excess kurtosis
14

. The Jacque Bera test of normality is 

the joint hypothesis that excess skewness and kurtosis is equal to zero
15

.  

 

  

                                                             
13

Skewness=
𝑛

 𝑛−1 (𝑛−2)
 (

𝑥𝑖−𝑋 

𝑠

𝑛
𝑖=1 )3 where S= Sample standard deviation, 𝑋  = sample average and N= sample average. 

14
Excess Kurtosis=

𝑛(𝑛+1)

 𝑛−1  𝑛−2 (𝑛−3)
 (

𝑥𝑖−𝑋 

𝑠

𝑛
𝑖=1 )4 −

3(𝑛−1)2

 𝑛−2 (𝑛−3)
 With the same variable definitions as in the previous footnote. 

15
 𝐽𝑎𝑐𝑞𝑢𝑒  𝑏𝑒𝑟𝑎 =

𝑁

6
 𝑆2 +

(𝐾−3)

4

2
 , Where S is sample skewness and K is sample kurtosis. The JB  value follows the asymptotic chi-square 

distribution with two degrees of freedom. See e.g. (Gujarati 2003) 

Table 22: Distribution analysis 

 FX strategies Technical PPP Carry FX index 

Excess kurtosis 4,39 1,42 4,12 3,4 

Skewness -0,08 -0,21 -1,37 -0,7 

Monthly mean 0,82% 1,01% 1,06% 0,96% 

Monthly median 0,86% 1,04% 1,54% 1,07% 

Jacque Bera value 262,8 29,2 335,7 178,2 

P-value JB <.0001 <.0001 <.0001 <.0001 

 Other Asset Classes 

Danish 

stocks 

Global 

stocks 

Danish 

bonds 

Global 

bonds 

Excess kurtosis 0.57 2.49 2.22 7.29 

Skewness -0,37 -0.90 -0.60 1.02 

Monthly mean 1,20% 0,88% 0.75% 0.75% 

Monthly median 1,56% 1,56% 0.96% 0.68% 

Jacque Bera value 11,95 129,1 86,0 782,5 

P-value JB 0.0025 <.0001 <.0001 <.0001 
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6.5.2 Kurtosis and skewness and normal distribution 

Consider the kurtosis and skewness values in table 12. In terms of kurtosis all strategies appear to 

have leptokurtic return distributions, i.e. they exhibit “peakedness” and “fat tails” which implies 

that infrequent extreme observations have a greater influence on the variance compared to a 

standard normal distribution. The Technical and PPP return distributions exhibit only modest 

negative skewness, which implies that the leptokurtic tendencies occur around the mean. The return 

distributions of the FX index and especially the Carry strategy exhibit a considerable negative skew, 

which, together with the leptokurtic tendencies, imply that infrequent extreme loss- observations 

have a significant influence on the variance and mean of the returns. The distributional return 

characteristics of the Carry strategy are clearly reflected in the difference between the mean and the 

median: 50% of the time your monthly return will be 1,54% or more but the average return is only 

1,06%!. The negatively  skewed return-distribution of the Carry strategy appears to be broadly in 

line with the conclusions of Brunnermeier et al (2008), and in general the returns from the FX 

strategies created by the authors exhibit the distributional characteristics predicted by existing 

literature.  The FX index which most closely resembled the distributional characteristics of the 

normal distribution was the PPP strategy with an excess kurtosis of only 1,42 and modest negative 

skewness. That being said the joint hypothesis that excess kurtosis and skewness was zero was 

clearly rejected by the Jacque Bera test for all FX strategies. Clearly this signals that the normal 

distribution will not correctly describe the risk of the FX returns and investors need to factor in the 

specific risk characteristics of FX. 

6.5.3 Comparison to other asset classes 

While FX returns clearly have some distributional issues, it is not alone in violating the assumption 

of normal distribution. Consider the distributional characteristics the other asset classes involved in 

the main analysis in this paper.  The assumption of normal distribution is rejected for all 

“traditional” asset classes. The returns from global bonds in particular exhibit higher kurtosis than 

even the FX strategies, and excess kurtosis is also evident in Danish bonds and global stocks.  Also 

investments in stocks, foreign and domestic, seem to generate somewhat negatively skewed returns.  

While the distributional problems of traditional asset classes do not rectify those of the FX 

strategies, it demonstrates that the normal distribution is often a bold assumption when dealing with 

returns in the financial markets.  That being said FX does appear to consistently generate returns 

with high excess kurtosis, also when compared to traditional asset classes, and the investor needs to 

keep this in mind when evaluating whether or not to incorporate FX investments in his portfolio. 
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6.5.4 Part conclusion 

In line with the results of existing literature, it has been demonstrated that the FX strategies created 

in this paper exhibit high excess kurtosis (1,42 to 4,39) and for the Carry strategy, negatively 

skewed returns. Consequently the assumption of normally distributed returns was rejected for all 

FX strategies. While other asset classes incorporated in the analysis did also not statistically 

conform with the assumption of normal distribution, the high kurtosis of the FX strategies is a 

unique trait of the asset class. An investor considering investments in non-discretionary FX 

strategies, must evaluate whether he is interested in returns where outliers have a significant 

influence on the performance of his portfolio. 
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6.6 Part Conclusion: Sensitivity analysis 

The sensitivity analyses conducted in the previous part has highlighted both strengths and 

weaknesses from investing in non-discretionary FX strategies. The weight stability test conducted 

showed that the optimal weight to invest in the FX index only fluctuated somewhat and did not fall 

below 19% at any point. As other asset classes exhibited greater fluctuation this was generally a 

decent result in terms of non-discretionary FX strategies being a weight stable asset class over time. 

Furthermore the low correlation of the FX index with the other asset classes was fairly stable during 

bull and bear stock markets. Hence the diversification benefits of the FX index do not appear to 

depend on the performances in the stock market. This is in general a positive result.  

The performance of the FX index was less convincing when incorporating transaction costs. The 

risk adjusted returns of the individual FX strategies were inferior to the traditional asset classes, 

except the global stocks. The FX index still outperforms the world bond and global stock index but 

not the Danish indices. In the CAPM model the significant Jensen´s alpha are no longer present for 

the individual FX strategies after incorporating transaction costs. The FX index, however, still 

managed to generate significant Jensen´s Alpha at the 10% level, which is an interesting result, 

indicating that the FX index might still be undervalued. In spite of the reduced risk adjusted return 

the FX index still held a significant part of an optimal portfolio (14%-17,1% with the estimated 

transaction costs and 19,2-25,2% when using the transaction cost estimates of other authors 

(Lebaron, 1999 (0,1%), Cheung and Osler, 1999(0,05%)). This is general a somewhat surprisingly 

positive result when taking the above into account. The authors attribute this to the diversification 

benefits of the FX index, which allowed the index to hold its own even with poorer risk adjusted 

returns. Despite the fact that they are decreasing, transaction costs are still the main obstacle to the 

favorable performance of FX as asset class. For this reason the institutional investor need to engage 

in careful transaction costs analysis before investing in non-discretionary FX strategies.  

The analysis of the return distributions revealed another caveat of investing in non-discretionary FX 

strategies. An investor has to be willing to accept a return distribution with high kurtosis and for 

carry strategies negative skewness. The assumption of normality was rejected for all FX strategies, 

and while this was also the case for traditional asset classes it is clear that FX as an asset class has 

unique risk traits which the investor need to take into account.  
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7.1 Main conclusion 

In this paper we have sought to investigate whether investing in non-discretionary FX strategies 

would improve portfolio performance of Danish institutional investors. Based on the returns from 

the non-discretionary and unbiased index of FX returns created in this paper we have concluded the 

following:  

The conclusion of the analysis of the risk adjusted returns of the FX index after incorporating 

transaction costs was ambiguous. While the indices of global stock and bond return were both 

outperformed by the FX index on a risk adjusted basis, the Danish stock and bond indices were not. 

Altogether the results imply that investing in non-discretionary FX strategies will not necessarily 

provide superior risk adjusted returns compared to other asset classes.   

More promising were the conclusions from the analysis of correlations. The returns from the FX 

index were found to be virtually uncorrelated with the returns from stocks and bonds, even subject 

to sensitivity test in bull and bear stock markets. Hence, investing in non-discretionary FX strategies 

appears to be a source of significant diversification benefits.  

Another promising result was that the returns of the FX index generated significant Jensen‟s Alpha, 

even after incorporating transaction costs (albeit only at the 10% level). In general this indicates that 

investing in a set of non-discretionary FX strategies potentially constitute an undervalued asset 

class. 

The diversification benefits of the FX index caused the asset to mandate a position in an optimal 

portfolio of 14,0%-17,1% after incorporating the estimated transaction costs of the authors (0,16%), 

and between 19,2-25,2% when using the transaction cost estimates of other authors (Lebaron, 1999 

(0,1%), Cheung and Osler, 1999(0,05%)). This is surprisingly strong result when considering the 

risk adjusted return performance of the FX index, and highlights the key strength of investing in a 

set of non-discretionary FX strategies: Risk diversification!.  

In spite of the favorable conclusions above investing in non-discretionary FX strategies has two key 

caveats: sensitivity to transactions costs and distribution of returns. While the FX index still played 

an important role in the optimal portfolio after incorporating transaction costs, it was also found to 

be very sensitive to changes in transaction costs. This implies that changes in transaction costs can 

have a large impact on and potentially erode the excess returns generated by the strategies. Another 

Part 7: Conclusion and implications for future research 
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potential pitfall from investing in non-discretionary FX strategies is how to measure the associated 

risk. We have shown unambiguously that returns from the FX index are not normally distributed. In 

particular the returns exhibit high excess kurtosis, and this is consistent also for the strategies 

underlying the FX index, and can be considered characteristics for FX investments. 

Altogether we conclude that investing in a set of non-discretionary FX strategies would improve to 

the portfolio performance of Danish institutional investors. The diversifications benefits appear 

substantial and compensate for the fact that the risk adjusted returns might not be superior to other 

asset classes on a risk adjusted basis. That being said, Danish institutional investors need to factor 

in the risk associated with non-normally distributed returns and potential changes in transaction 

costs.  

  



November, 2008 KIM NYDAHL GRØNLUND & RUNE LINNEBOE PEDERSEN 

 

  

Part 7: Conclusion and implications for future research  Page 93 of 106 

 

7.2 Implications for future research 

Strategy optimization 

While the authors have created trading strategies based on the findings in existing literature, there is 

definitely scope for improvements in the strategies as theory evolves. In particular incorporating 

long-run trends in the equilibrium real exchange rate could potentially increase the profitability of 

the PPP strategy. Also, increasing understanding of the forward premium puzzle, could definitely 

lead to improved decision models for carry traders.  

How returns from FX investment strategies can persist 

One interesting discussion which arises from the analysis conducted is how returns in an FX market 

can persist. The FX markets by construction are a zero-sum game where value is not created. For 

this reason if an investor has an expected positive return for a currency position another investor 

must be expecting to lose money, with the same risk (if measured by standard deviation)!.  One 

industry paper (Hafeez, 2007) argues that money is “left on the table” because most players on the 

markets have different objectives. They argue that up to 75% of the players on the currency markets 

are in fact “liquidity seekers”, whose primary objective is to have access to currency markets and 

not to speculate. They argue that these players will be willing to pay a premium for this access and 

this is the reason why “profit seeking” institutions can expect to generate positive long run returns. 

An enhanced understanding of the motives of the players in the currency markets could provide a 

solution to the puzzle in the opening paragraph.  

Post-modern portfolio theory 

The main assumptions of MPT, that 1) variance is a relevant measure of risk 2) returns are well 

explained by the normal distribution, were convincingly violated by the FX index but also the other 

asset classes in the paper. Applying the post modern portfolio theory framework (see. e.g. Pete and 

Gregory, 2005), which among other things, optimizes asset allocation taking into account specific 

downside risk, is clearly a very interesting way to investigate the performance of non-discretionary 

FX strategies vis-à-vis other asset classes. 
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Introduction 

As mentioned in the paper there is no representative index of the returns Danish institutional 

investors have received from real estate investments, particularly when considering the time period 

of our analysis (1980-2008). It could however still be interesting to see how the analysis could 

change if we include an index of the real estate prices, primarily in terms of correlations. In this 

appendix we will attempt to explore this. 

The data 

The data used as a proxy for the price development in the Danish real estate sector (here in after the 

real estate index), is a sales price index of Danish one-family homes
16

.  The indices are quarterly 

data and the quarterly returns have been converted to monthly returns.  Furthermore, this is most 

likely a negatively biased index as it does not take into account rental revenue which presumably 

would more than compensate for taxes and other upkeep expenses. 

The results 

The average yearly total return from the real estate index from 1980 to 2008 was 5,41% resulting in 

a negative Sharpe ratio, of -0,12. The return from the real estate index is virtually completely 

uncorrelated with the FX, as well as with the other asset classes. 

Correlation coefficients 

  Danish bonds Global bonds Global stocks Danish stocks FX index 

Real estate 0,00 -0,05 0,11 0,13 -0,08 

 

 

 

 

                                                             
16 Source: 1980-2006: Statistiske Efterretninger, Indkomst, Forbrug og Priser (2004:26). 

Ejendomssalg, tabel 3, Prisindeks for ejendomssalg, Enfamiliehuse, 2000=100. Source: 2006-2008 Prisindeks for ejendomssalg, Enfamiliehuse 

2006=100, www.dst.dk.  
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Optimization 

Constraining the analysis in such a way that the real estate index must make up 7% of the optimal 

portfolio
17

, while keeping the other constraints constant yields the optimization results shown in the 

table below. The share in the FX index was reduced by 3% due to the 7% being assigned to the real 

estate index. This is largely due to the fact that 1 joint constraint (combined stock position >= 15%) 

and one specific constraint (Danish bonds position >= 35%), has already been reached. For this 

reason it is not possible to conclude anything concrete. It does highlight the issue that involving a 

new asset class will force the Danish institutional investor to reconsider his weight allocation in 

other asset classes. The impact investments in real estate have on the allocation assigned to FX is 

unclear. 

Optimal portfolios 1980-2007 (constrained) 

    Optimal portfolios 

    Including real estate Excluding real estate 

Fraction in: Danish stocks 10,00% 10,00% 

  Danish bonds  35,00% 35,00% 

  Global stocks 5,00% 5,00% 

  Global bonds 18,60% 22,60% 

  FX index 24,40% 27,40% 

    Real estate 7,00% 0,00% 

 

Conclusion 

Altogether there appears to also be favorable (virtually no) correlations between the returns from 

the FX index and real estate prices. In general however and in terms of the effect for the portfolio 

weight assigned to the FX index, there is a need for a better index of real estate returns before 

concrete conclusions can be reached.  

                                                             
17

 The average from 2002-2007 was 7,7%, see section 5.2 


