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ABSTRACT 

 

The United States (US) dollar has been the principal currency used for reserve purposes 

by central banks worldwide for many years.  However, uncertainties about the future 

strength of the US economy and the exchange value of the US dollar have led to  pressure 

for a number of central banks particularly in developing countries, to consider shifting 

their US dollar reserve holdings to other reserve currencies.  Since its creation in 1999 the 

euro has represented a serious alternative to the US dollar.  Some authors have forecast 

that the euro is likely to replace the US dollar as the principal reserve currency in the near 

future.  If a major portfolio re-balancing away from the US dollar occurs, there may be 

serious implications for both the US and the global economy. 

 

A deeper understanding of how central banks manage currency composition of foreign 

exchange (FX) reserves needs to be established in order to evaluate the likely 

developments in this area.  The transaction theory and the mean-variance theory have 

served as the main conceptual frameworks for studies in this field.  They have been 

useful in identifying factors which may theoretically affect FX reserve holdings.  

However, empirical studies of the two theories have been very limited in both number 

and in the range and number of countries covered. 

 

This study contributes to research in this area by presenting a comprehensive empirical 

investigation of the determinants of the currency composition of FX reserves, based on 

the frameworks proposed by the transaction theory, as well as that proposed by the mean-

variance theory.  The study covers a wider range of countries than previous estimations to 
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date, including a detailed comparative examination of the management of FX reserves for 

a single country, Australia.  It also uses more recent data than any previous studies, which 

allows a more complete analysis of the impact of the euro since its introduction in 1999. 

  

More specifically, the study aims to address the following six research questions:   

1)  How well do the factors suggested by the transaction theory explain the 

management of currency composition of FX reserves globally over recent years? 

2) How do the developed and developing countries differ in the management of their 

portfolios of reserve currencies, particularly in their attitudes towards the US dollar 

versus the euro? 

3) What changes have happened in the management of the currency composition of 

reserves following the introduction of the euro in 1999? 

4) How well do the factors suggested by the transaction theory explain the 

management of FX reserves in Australia? 

5) How relevant are the factors suggested by the mean-variance theory in the 

determination of shares of FX reserves in Australia?  

6) Is it likely that the US dollar will maintain its principal reserve currency status? 

Are there any similarities in the responses by central banks globally, central banks in the 

sub-groups of developed or developing nations, or the Reserve Bank of Australia (RBA)?  

What differences are likely to occur?     

 

The study finds that two transaction factors, the incumbency advantage of the reserve 

currency, and the share of trade of the currency country, are important for the 
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management of the currency composition of FX reserves globally, and for both groups of 

developed countries and developing countries.    Amongst the developed nations group, 

the incumbency advantage of the US dollar has remained the primary concern for this 

group in managing their reserve currencies.  By contrast, developing countries as a group 

appear to place less emphasis on past holdings of the US dollar and more emphasis on 

other transaction factors like trade.   

 

Furthermore, the study finds that the euro seems to have had had little impact in how 

central banks manage their holdings of reserves. The importance of incumbency 

advantage as a key factor in managing FX is likely to assist in the maintenance of the US 

dollar as the principal reserve currency globally and in the group of the developed 

countries. Amongst developing nations however, the euro has begun to show some of its 

appeal as a reserve currency. 

 

With regard to the management of reserve currencies in Australia, the study finds that 

both the mean-variance theory and the transaction theory are important in playing a 

combined role in the determination of currency composition of FX reserves in the 

country.  All in all, the combined results of the study indicate that the US dollar is likely 

to remain as the principal reserve currency used by central banks globally, central banks 

in developed countries and the RBA.  However, amongst developing countries, the study 

finds that this group of nations is now considering placing more emphasis on keeping and 

possibly increasing their holdings of euro, as opposed to maintaining their principal 

holdings in US dollars. 
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CHAPTER 1 

INTRODUCTION 

 

 

1.1 The Significance of the Issue 

 

The value of foreign exchange (FX) reserves held by central banks has risen dramatically 

in recent years, and the rate of accumulation is expected to continue to increase in the 

future.1  When the supremacy of the pound sterling declined in the 1950s, the United 

States (US) dollars emerged as the world’s principal trading currency. Since then it has 

been the major currency held by central banks in their FX reserves.  Currently, around 

64% of the global FX reserves are denominated in US dollars.  The dominant status of 

the US dollar as a reserve currency has given significant advantages to the United States 

of America (USA). For example, Gourinchas and Rey (2005) have argued that it is an 

“exorbitant privilege” that has allowed the USA to run large and prolonged current 

account deficits by financing them in its own currency.    

 

In recent years, however, the continued dominance of the US dollar has come into 

question.  The large US current account deficit, the rapidly growing external debt, and the 

increased volatility of the US dollar exchange rate have all added to the pressure for 

central banks globally to shift their reserve holdings from the US dollar to other 

                                                 
1  Between 2000 and 2005, in the emerging market economies $USD 1,250 billion was accumulated in FX 
reserves (Mohanty and Turner, 2006).  In Australia, the Reserve Bank of Australia (RBA) held 
approximately $AUD 27 million worth of FX reserves in March 2000.  By March 2007, its holding of FX 
reserves had increased to around $AUD 71 million.   
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currencies.2  Since its creation in 1999 the euro has represented a serious alternative to 

the US dollar in this regard.  Indeed, some authors, such as Bergsten (1997a,b), Mundell 

(1998) and Papaioannou et al. (2006) have predicted that the euro would soon replace the 

US dollar as principal reserve currency.  At the same time, the currencies of several other 

industrial countries, especially the pound sterling and the Japanese yen, have become 

more widely used in international transactions and thus also offer attractive alternative 

means for greater diversification for central banks.  In the event that a major portfolio re-

balancing away from the US dollar occurs, there are likely to be significant implications 

for both the US and the global economy (see for example Breuss et al., 2008) 

 

 

1.2 Objectives, Research Questions, and Contributions 

 

In order to analyze the likely developments with regard to the composition of FX 

reserves, it is necessary first to gain a deeper understanding of how central banks manage 

such currency compositions.  To date, two competing theories, the transaction theory and 

the mean-variance theory, have provided the main conceptual frameworks to study the 

determinants of FX reserves.   

 

The transaction theory argues that the currencies which form the largest shares in a 

central bank’s reserve portfolio are those that are most important in facilitating the bank’s 

                                                 
2  Developing countries and emerging market economies in particular have expressed more concern about 
diversifying their reserve holdings from US dollars to other reserve currencies.  See for example Sitathan 
(2003), China Business Weekly (2005).   
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international transaction purposes, such as the financing of foreign trade and the 

settlement of foreign debt obligations.  By contrast, the mean-variance theory argues that 

that risks and returns associated with holding reserve assets denominated in different 

currencies are the factors that are most important for central banks in managing the 

composition of their FX reserves.  Conceptually, the transaction theory and the mean-

variance theory have been useful in identifying the factors which affect FX reserve 

holdings.  However, empirical studies of the two theories have been very limited in 

number, and in the range and number of countries covered.  

 

Accordingly, this study will seek to achieve two main objectives.  The first and major 

objective is to extend the existing empirical knowledge by investigating the determinants 

of the currency composition of FX reserves as proposed by both the transaction theory 

and the mean-variance theory, for a wider range of countries, and a more recent period 

which spans the introduction of the euro.  The results obtained will then be used to 

address the second major objective, which is to shed more light on the issue of whether or 

not a major shift from US dollar reserves to other currencies (the euro in particular) is 

likely to occur in the future.  

 

More specifically, the study aims to answer the following detailed research questions:  

1) How well do the factors suggested by the transaction theory explain the management 

of currency composition of FX reserves globally over recent years? 
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2) How do developed and developing countries differ in the management of their 

portfolios of reserve currencies, particularly in their attitudes towards the US dollar 

versus the euro? 

3) What changes have occurred in the management of the currency composition of 

reserves following the introduction of the euro in 1999? 

4) How well do the factors suggested by the transaction theory explain the management 

of FX reserves in Australia? 

5) How relevant are the factors suggested by the mean-variance theory in the 

determination of shares of FX reserves in Australia?  

6) Overall, is it likely that the US dollar will maintain its principal reserve currency 

status? Are there any similarities in the likely responses by central banks globally, by 

central banks in the sub-groups of developed or developing nations, and by the 

Reserve Bank of Australia (RBA)?  What differences are likely to occur?     

 

In addressing these questions, the study will make several contributions to the literature 

in this area.  Firstly, it will provide current empirical evidence at the group level of 

countries with regard to the issues outlined in research questions (1), (2) and (3).  

Secondly, it will provide the first publicly available studies of the questions outlined in 

(4) and (5).  To date, it appears that there have been no previous studies published on 

these issues for Australia, or indeed for any other individual country at this level of detail.   

 

 

 



 5

1.3 Outline of the Study 

The remainder of the study will be organized as follows. 

 

Chapter 2 provides a detailed literature review of the two underlying theories of currency 

composition of FX reserves, the transaction theory and the mean-variance theory.  In 

addition, the chapter will discuss past empirical studies on currency composition of 

reserves that have been based on the two theories, with an emphasis on those studies that 

are relevant for the analyses which will be conducted in the later chapters.   

 

Chapter 3 provides background information on the history of the European Monetary 

Union (EMU) and the role of the euro, as well as a review of the two different viewpoints 

that have been expressed about the potential rivalry between the euro and the dollar as 

primary reserve currency.   The discussion will enable a more thorough preparation for 

the empirical analysis of currency composition of FX reserves in the post euro period in 

the subsequent chapters.  

 

Chapter 4 presents an econometric estimation, based on transaction theory, of the 

determinants of the currency composition of FX reserves for three different groups of 

nations, including a single “world group”, and two sub-groups, “developed countries” 

and “developing countries” group.  Results of the estimations will be analyzed to provide 

answers to the following questions: 
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 (1) How well do the factors proposed by the transaction theory explain the management 

of currency composition of FX reserves for the recent period from 1980-2005? 

(2) How do the developed and developing countries differ in the management of their 

portfolios of reserve currencies, particularly in their attitudes toward the dollar versus the 

euro? 

(3) What changes occurred in the management of the currency composition of reserves 

following the introduction of the euro in 1999? 

 

The combined answers to these questions will be used to help to shed some light on the 

issue of which of the two competing currencies, the euro or the US dollar, is likely to be 

dominant in the future for all three groups.   

 

Chapter 5 presents a transaction theory-based empirical estimation of the management of 

the currency composition of FX reserves in Australia.  The analysis seeks to identify the 

relevance of the transaction theory, and the significance of various factors suggested by 

it, in the determination of the composition of FX reserves for an individual country.  The 

use of the individual country data will enable the analysis to focus more clearly on the 

roles of the different determinants than could previously be achieved in the group data 

estimation.  The analysis will also help to enhance understanding, from a transaction 

theory perspective, of possible changes which may be made by the RBA to the way that it 

manages its reserve currencies, particularly in the light of the introduction of the euro in 

1999. 
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Chapter 6 presents an estimation based on the mean-variance theory which aims to 

determine the relevance of the return and the risk factors suggested by the theory for the 

determination of the composition of FX reserves held by the RBA.  A mean-variance 

portfolio optimization model will be utilized to derive the RBA’s optimal holding of FX 

reserves for the period 2000 to 2006.  The optimal holding estimated will then be 

compared with the RBA’s actual holdings of the three reserve currencies and the results 

analyzed to provide information on the issues raised above.  

 

Chapter 7 presents a summary of the main findings of the study and offers some final 

conclusions. The chapter will also discuss some possible directions for further research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 8

CHAPTER 2 

Theoretical and Empirical Evidence on the Currency Composition of 

Foreign Exchange Reserves 

 

 

2.1  INTRODUCTION 

 

This chapter presents a detailed review of the major elements of the previous studies on 

the currency composition of FX reserves.  The review aims to establish theoretical and 

empirical foundations for the subsequent empirical analyses of the currency composition 

of FX reserves.  

 

The chapter begins with the question: 'What are the main theories that underlie the study 

of the currency composition of FX reserves?'  In short, there are two main theories - the 

Transaction theory and the Mean-Variance theory of currency composition of FX 

reserves.  A thorough discussion of the development of each theory, and the distinctions 

between the two, will be the first major theme of the chapter.  Following this, a detailed 

summary of some of the most important empirical studies on the field will then be 

presented. 

 

The remainder of the chapter consists of five sections.  Section 2.2 discusses the mean-

variance theory of currency composition of FX reserves.  A number of important aspects 

of the theory including its development, assumptions and limitations will be reviewed in 

detail.  Section 2.3 summarizes the major empirical studies that have been based on the 
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mean-variance theory.  Sections 2.4 and 2.5 will in turn discuss the transaction theory of 

currency composition of FX reserves and the empirical studies that have been based on it.  

Finally, a summary of the chapter will be presented in Section 2.6. 

 

 

2.2  MEAN-VARIANCE THEORY 

 

2.2.1  Overview 

 

There are two main theories of the currency composition of FX reserves. One theory, 

referred as the transaction theory, argues that market transaction activities are the major 

factor in determining currency shares of FX reserves.  In other words, the currencies 

which form the largest shares in a country’s reserve portfolio are those that are most 

important in accommodating various international transaction purposes of the country. 

These include the financing of foreign trade, the settlement of foreign debt obligations, 

the purchases and sales of FX and similar factors. The transaction theory therefore 

postulates that the desired currency composition of reserve assets is likely to be 

independent of the optimal distribution of net wealth across currencies (Dooley et al., 

1989, p. 388).  

 

By contrast, the mean-variance theory argues the exact opposite. Based on the general 

mean-variance model of optimal portfolio selection developed by Markowitz (1952) and 

Tobin (1958), the mean-variance theory argues that distributions of net wealth, which 



 10

include the risks and returns associated with holding reserve assets denominated in 

different currencies, are important in determining the composition of FX reserves.  

Accordingly, the theory argues that rational governments or central bankers construct 

some optimal composition of FX reserves that minimise risk for a given level of return on 

the reserves, or vice versa, maximise the return on the reserves for a given level of risk 

(Ben-Bassat, 1980, p.287).  

 

Detailed discussion of the transaction and mean-variance theories through 

microeconomic, financial and mathematical frameworks will be undertaken in the 

sections that follow.  For ease of explanation and historical considerations, the mean-

variance theory will be considered first. 

 

 

2.2.2  Mean-Variance Portfolio Optimization Theory 

 

The mean-variance theory of currency composition of FX reserves originates from the 

classic work of Harry Markowitz (1952) in the finance field of portfolio selection.  Thus, 

it is appropriate that the section starts with a review of this literature.  

 

Markowitz in 1952 published a Nobel prize winning paper in the Journal of Finance 

entitled ‘Portfolio Selection’.  The paper discusses Markowitz’s insights on how an 

investor would be likely to behave in constructing his or her financial portfolio.  First, he 

considers a hypothesis proposed by Williams (1938) that an investor does (or should) 
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design a portfolio such that discounted expected or anticipated returns are maximised.3  

Markowitz (1952) however sees this rule as highly implausible.  He argues that, 

assuming that market imperfections are ignored, the foregoing rule would imply that 

there would never be a diversified portfolio which is preferable to all non-diversified 

portfolios (Markowitz, 1952, p.77).  He further states that diversification is both observed 

and sensible: a rule of behaviour which does not imply the superiority of diversification 

must therefore be rejected as hypothesis. 

 

As opposed to Williams’ (1938) hypothesis, Markowitz (1952) proposes that in addition 

to the expected (mean) return, rational investors are also concerned about the expected 

risk of their entire portfolio of investment.  Investors’ portfolio choice problems would 

therefore involve calculation of the so-called efficient portfolios, that is, the combinations 

of assets that could make the mean return from the portfolio as large as possible for a 

given level of risk.   

 

According to Markowitz (1952), overall risks associated with a portfolio could generally 

be reduced by diversifying the portfolio through the inclusion of more assets in the 

portfolio.  He further argued that it is not just the number of assets included in the 

portfolio that reduce risk, but the interaction between the asset compositions of the 

portfolio also has a significant role in reducing the variability of return.  A more detailed 

insight on Markowitz’ (1952) portfolio choice theory can be gained through the theory’s 

mathematical framework which is discussed below. 

 
                                                 
3  Future returns are stated to be expected or anticipated since the future is not known with certainty. 
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2.2.2.1 Expected Return and Expected Risk 

Expected return of an asset can be modelled as a discrete random variable, which can be 

described in terms of a probability distribution (Kendall, 1995).4  Expected return of asset 

X (μx) for example could be defined in terms of equation 2.1 below: 

 

)( XEx                                                                                                            (2.1) 

where nnxxxXE   ...)( 2211 



n

i
iix

1

                                       

and i is the probability of event i with the probabilities that 0 ≤ I  ≤ 1,  

when  1 +  2 + …+ n  = 1.                  

 

Expected risk of an asset, on the other hand, is measured as variance of the return (σ2
x) as 

defined in equation 2.2 (Kendall, 1995).   
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Variance is a measure of variability or dispersion around the expected value.  Calculating 

variance involves squaring the original measurements of the mean.  To maintain 

                                                 
4  A probability distribution lists every outcome of a random variable multiplied by their respective share. 



 13

consistency in the unit measurement, standard deviation, which is simply the square root 

of the variance (σx), is often used to replace variance.  

 

To solve the optimisation problems of a portfolio containing two or more assets, one 

would also need to have a measure of the extent of dispersion between the different 

random assets (Ross et al., 2007).  For this purpose, covariance is often used. Covariance 

of two random assets X and Y (Cov(X,Y)) is most commonly defined as in equation 2.3: 
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           (2.3) 

Equation 2.3 defines covariance by considering only the probability of occurrence for 

each possible value taken by each random asset.  However, one must also incorporate the 

probability of occurrence for all possible joint occurrences of values, that is, the joint 

probability density function (πij), in order to obtain a more accurate measure of 

covariance when solving the portfolio optimisation problem.5  Equation 2.4 below gives 

the definition of covariance that incorporates joint probability.  
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   ))())(( YEYXEXE      

                                                 
5  Joint probability is a statistical expression of the likelihood of occurrence of joint events. 
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A special case of covariance would occur where the two random assets are the same.  In 

this situation, the formula for covariance would collapse to the formula for variance, as 

defined in equation 2.2.  In general situations, where the two random assets are different, 

covariance can be either negative or positive depending on how the two random assets 

vary together.  If the two random assets move in the same direction, that is, both variables 

take values above or below the mean at the same time, covariance will be positive.  

Alternatively, if the two assets move in opposite directions, that is, one variable takes on 

values below the mean while the other takes value above the mean, covariance will yield 

a negative value.  Finally, if they tend to offset one another, covariance will be close to 

zero. 

 

Additional insights into the meaning of covariance may be better understood by 

examining a related concept referred to as linear correlation (r).  Linear correlation is a 

standardisation of covariance to a number that varies between –1 and 1 (Selvanathan et 

al., 2004).  Equation 2.5 below gives the mathematical definition of correlation of assets 

X and Y (rxy).  In the case where X and Y are the same variables, Cov(X,Y) will be equal 

to the product of σx and σy, and correlation will therefore be equal to 1. 

 

yx
xy

YXCov
r


),(

                                                                                (2.5)          
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2.2.2.2  Expected Return and Risk of a Portfolio 

Expected return of a portfolio containing two assets X and Y (Eport(X,Y)) can be obtained 

by simply taking an average of the sum of the expected return of the two individual 

assets. 

 

 
n

YEXE
E YXport

)()(
),(


             (2.6) 

where n = number of assets in the portfolio. 

 

The calculation of expected risk of a portfolio (Vport(X,Y)), on the other hand, involves 

more than the simple sum.  Equation 2.7 shows that one must also account for the 

covariance between the two variables in calculating variance of a portfolio.   
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YXCovYVXV
V YXport


                      (2.7) 

 

The only instance in which the sum of the variance of two assets in a portfolio equals the 

simple sum is when there is no covariation between the variables.  As explained in 

section 2.2.2.1, this can only occur if the two assets are independent, that is, if the 

occurrence of one variable does not alter the probability distribution of the second 

variable.   

 

The basis for portfolio diversification is explained by the role that covariance plays in the 

calculation of variance of a portfolio.  The principle of portfolio diversification argues 
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that addition of an asset to a portfolio should in general reduce the overall average 

variability of risk of the portfolio (Markowitz, 1952, p.89).  Equation 2.4 shows that 

reduction in the variance of a portfolio can only happen if the value of covariance were 

negative, that is, if the assets considered are not positively correlated.6  In other words, 

this would mean that portfolio diversification would only be useful when investors avoid 

investing in securities with high covariances among themselves.  For example, they 

should diversify their assets across different industries as firms in different industries, 

especially industries with different economic characteristics, have lower covariances than 

firms within an industry.  

 

 

2.2.3  Key Assumptions of Portfolio Optimization Theory 

 

Selection of an efficient portfolio by investors relies on several key assumptions.  First, it 

is assumed that, holding all other variables constant, investors would prefer a higher 

expected return to a lower expected return (Markowitz, 1952).  This clearly is a very 

reasonable assumption for investors’ preferences.  Second, it is assumed that investors 

would prefer lower rather than higher fluctuations in return.  This is to say that investors 

prefer a lower variance of return as opposed to higher variance, where variance is 

synonymous with risk (Markowitz, 1952).  In other words, investors are assumed to be 

risk averse.   

 

                                                 
6  See, for example, Kendall (1995) for practical examples of the role of covariance in portfolio 
diversification. 
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Implicitly, the two assumptions argue that expected return and variance are all that are 

necessary for an investor to characterise a portfolio.  Together, these assumptions imply 

the existence of a positive relationship between expected return and variance, which 

means that investors will only accept a higher variance for a higher rate of return.  The 

limitations imposed by these assumptions will be discussed in Section 2.2.7. 

 

 

2.2.4  Efficient Portfolio Opportunity Set  

 

An efficient portfolio set is a selection of the best combinations of assets that maximise 

the expected return subject to a given amount of variance (Markowitz, 1952).  This 

definition of an efficient set is known as the “maximin criterion” of an efficient set.  By 

contrast, the “minimax criterion” defines an efficient set as the best combinations of 

assets that minimise variance subject to a given expected rate of return.   

 

Portfolio optimisation theory, in this case, is designed to derive the efficient portfolio 

frontier, that is, the set of portfolio combinations which exhibit the impossibility of risk 

averse investors obtaining a smaller variance without reducing the expected rate of return 

for the given set of assets included in the portfolio (Markowitz, 1991).   In terms of this 

study of currency composition of reserves, the portfolio optimization theory aims to find 

the distribution of reserve assets between different currencies such that the efficient 

portfolio frontier is achieved.  
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Suppose a portfolio holder invests his fund so that it is split between two assets.  

Expected return and variance of the portfolio may be defined as in equations 2.8 and 2.9 

respectively (Kendall, 1995, p. 307). 

 

)()()()( YEsXEsE yxport                                                                                           (2.8) 

 

),(2)()()()( 22 yxCovssYVsXVsV yxyxport 
                                                          (2.9) 

where sx and sy represent a convex combination, that is, a weighted average of the shares 

of every asset dollar invested,  

and sx + sy = 1. 

 

When dealing with more than two assets, equations 2.6 and 2.7 need to be modified to 

allow for the inclusion of more assets.  Suppose three assets are included in a portfolio.  

The portfolio return may be defined as below: 

 

)3()()2()()1()( 321 EsEsEsE port                     (2.10) 

where: 1321  sss .  

 

The generalised formula of expected return of portfolio of many assets can be defined as 

equation 2.11 below.   
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Calculation of the portfolio variance becomes exceedingly complex as more assets are 

included.  The complexity arises from having to calculate every possible pair of 

covariances.  To resolve this, a covariance matrix is often used.  Once the covariance 

matrix is constructed, the variance of portfolio can be obtained by summing all elements 

of the matrix multiplied by their respective share.  For the three-asset portfolio, the 

variance would be equal to: 

 

)3,1(2)2,1(2)3()()2()()1()( 3121
2

3
2

2
2

1 CovssCovssVarsVarsVarsVport        

)3,2(2 32 Covss                                                                                                (2.12)       

 

Examination of the expression for the variance of the three-asset portfolio shows that the 

expression of portfolio variance effectively consists of two sets of terms.  The first set is 

simply the sum of the variances on the individual assets times the square of the 

proportion invested in each asset.  The second set of terms specifies the covariance terms.  

Based on this examination, one is able to specify the generalised formula for portfolio 

variance of many assets as equation 2.13.        
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By allowing the weights to vary across the different assets, one can produce a range of all 

possible combinations of assets.  The different portfolios together form the portfolio 

opportunity set.  From this portfolio opportunity set, an efficient set can then be derived.   

 

Figure 2.1 shows a hypothetical curve for a portfolio opportunity set.  Points along the 

curve show the different combinations of expected return and variance that can be 

obtained by varying the weights on the many available assets.  One point in the curve, 

point A, is denoted as the inefficient point as an alternative distribution of funds between 

the different assets could yield a higher return at the same level of risk.  Other points 

(points B to F) along the curve graphically represent the efficient set since one could only 

obtain higher return at the cost of higher risk.  In other words, the efficient set could be 

interpreted as portfolio opportunities with the lowest risk for given rates of return.  

 

Figure 2.1: Efficient Portfolio Opportunity Set      
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2.2.5  Asset Shares for the Optimal Portfolio 

 

Points B to F in Figure 2.1 are denoted as the efficient set as they represent portfolio 

opportunities with the lowest risk for a given rate of return.  A formula can be used to 

obtain the variance minimising proportion (sx) in the two-asset portfolio case (see for 

example, Elton and Gruber 1991, p.  46). The derivation of the formula is outlined as 

follows: 

 

From equation 2.9, the variance of the two-asset portfolio is given as: 

),(2)()()()( 22 yxCovssYVsXVsV yxyxport   

 

To find the value of sx that minimizes this equation, the derivative of Vport in equation 2.9 

with respect to sx is set to zero, as in equation 2.14 below: 
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 Solving for sx gives:                                                                                               

),(2)()(

),()(

YXCovYVXV

YXCovYV
sx 


                                                            (2.14) 

 

In the case of many assets, a generalised formula to solve for sx that will yield a portfolio 

opportunity with minimum variance for a given rate of return, that is, points B to F along 
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the efficient frontier in Figure 2.1, can be derived in a similar way using the method of 

Lagrange multipliers.7   

 

 

2.2.6  Efficient Portfolios and Investor Preferences 

 

It is clear that only portfolio opportunities along the efficient frontier would be chosen as 

they yield the highest return for a given risk.  The question then for the investor is to 

choose the risk preference which will determine the optimal portfolio.  To solve for this, 

one needs to revisit the notion of indifference curves that are derived from the consumer 

theory of microeconomics.  Each indifference curve in this case represents all the 

combinations of risk and return which will give the same utility to the investor (Kendall, 

1995, p. 310). 

 

Figure 2.2 below displays a set of indifference curves: I1, I2 and I3.  A higher indifference 

curve represents a higher level of utility received by the investor.  The convex nature of 

the curve is determined by the degree of risk aversion of the investor.  Steeper 

indifference curves reflect a higher degree of risk aversion.  The efficient frontier is the 

same as that shown in Figure 2.1.  The tangent point between I3 and the efficient frontier 

(point A) shows the option which should be chosen by the investor.  At this point, the 

expected utility of wealth for the investor is maximised.   

 

 
                                                 
7   Elton and Gruber (1991) gives a detailed description of this method. 
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Figure 2.2: Efficient Portfolios and Investor Preferences 

 

 

 

 

  

 

      

 

 

                                                                   

 

 

 2.2.7  Limitations of Portfolio Optimisation Theory 

 

Identical Means and Variance 

Markowitz’s (1952) portfolio optimisation theory has for many years been accepted as a 

useful model to enable private investors in particular to diversify their funds in a range of 

different assets so that maximum return for a given risk, or minimum risk for given rate 

of return, is achieved.  The inclusion in the model of both return and risk of an 

investment has shown it to be superior to the model of Williams (1938) (see Section 

2.2.2).     

 

However, some limitations of the model may arise from the fact that the theory assumes 

that the mean and variance are all that are necessary for one to characterise a portfolio.  

Under circumstances when two assets or two portfolio options yield identical means and 

I1

I2

I3Expected 
Return 

           Expected Risk 



 24

variances, both mean and variance as measures of return and risk become very limited in 

explaining portfolio choice. 

  

Kendall (1995) discussed two solutions for this dilemma.  The first solution is to suppose 

that the investor possesses a quadratic utility function so that he is indifferent between the 

two assets or portfolios.  The other solution is to suppose that investment returns are 

normally distributed with mean μ and variance σ2
.   In this case, the problem is effectively 

assumed away as normal distributions are exclusively characterised by mean and 

variance.  Some authors, however, have been uncomfortable with either of these 

assumptions, which lead them to be more cautious in using portfolio optimization theory 

to infer too much about how investors choose portfolios (Kendall, 1995, p.310).  

 

Uncertain Risk Preferences 

Difficulties in selecting the optimal portfolio may also arise in practice when information 

regarding the risk preference or the utility function for the investor is not available. 

Sharpe (1964) and Lintner (1965) suggested that the optimal portfolio in this case can be 

obtained from point of tangency (point A) between the efficient frontier and the straight 

line drawn from the intercept which represents the risk-free rate (see Figure 2.3 below).  

This line is called the Sharpe ratio line.  The use of the Sharpe ratio line to represent the 

utility function curve is based on the assumption that risk-free borrowing and lending 

opportunities are available in the market, and the point of tangency between the efficient 
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frontier and the straight line which maintains the same ratio of return to risk should give 

approximately the same level of utility.8 

 

Figure 2.3: The Optimal Portfolio Selection Model of Sharpe (1964) and Lintner (1965) 

 

 

 

 

 

 

 

 

 

 

Applicability to Central Banks 

With regard to portfolio optimisation of central bankers’ funds, a number of economists 

including Heller and Knight (1978a), Dooley (1986), Dooley et al. (1989) and Lizondo 

and Mathieson (1978) have argued that portfolio optimization and the mean-variance 

theory in general have particular limitations in explaining the management of reserve 

assets.  These authors have suggested that other factors related to transaction needs may 

have more relevance.  Section 2.4.2 has further discussion on this issue. 

 

 
                                                 
8  See Javed (2000) for a detailed discussion on this topic. 
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2.3  EMPIRICAL STUDIES OF THE MEAN-VARIANCE THEORY 

 

Although there have been a number of empirical studies based on the mean-variance 

theory for general investors, there appear to have been only three relevant empirical 

studies of the theory for central bankers.  The limited numbers of existing studies is the 

result of difficulties in obtaining the appropriate data needed to use the mean-variance 

theory to evaluate the composition of FX reserves (see Section 2.4.2 for further 

discussion on this issue).  

 

Ben-Bassat (1980) 

Ben-Bassat (1980) conducted a study that was aimed at selecting an optimal FX reserves 

portfolio for Israel, and for groups of semi-industrial and developing countries.  The 

study utilized monthly data on the currency composition of the FX reserves of Israel and 

of the semi-industrial and the developing groups of countries, for the period 1972 to 

1976.  Ben-Bassat (1980) argued that the allocation of reserves of developing and semi-

industrialised countries will be significantly influenced by profit considerations, so that 

the currency composition of FX reserves for these countries should be modelled in term 

of the mean-variance model.  He argued that profit considerations should be more 

significant for the allocation of reserves for these countries because developing countries 

are not concerned with international monetary stability and their exchange rates are 

subjected to administrative control (Ben-Bassat, 1980, p. 286).       
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An efficiency curve of portfolio holdings for Israel for the period of 1972 to 1976 was 

estimated.  The proportions of asset allocations in the different currencies that yield the 

optimal portfolios were obtained through the implementation of the “minimax criterion” 

of the mean variance theory.  The reserve allocation was formulated as: 
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where   ai   = optimum share of currency i in the portfolio, 

2
i  = variance of the returns on currency i,  

Rij   = correlation coefficient between returns on currencies i and j,  

and i   = return on currency i. 

 

Rate of return on each currency (i) was specified to be a function of the interest rate (ri), 

and the rate of change of the exchange rate of currency i in relation to either the US dollar 

or the import currency basket (Ei), as defined below:9 

 

1)1/()1(  iii Er                      (2.16) 

 

The problem in equation 2.15, however, does not have a unique solution for the vectors 

of weights, since the choice of optimal composition depends on the desired degree of 

                                                 
9  Calculation of the returns, variances and covariances was based on the beginning of the month changes in 
exchange rates and on the beginning of the month interest rates on monthly deposits. 
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risk, which in this case was not specified.  An infinite set of solutions with each 

representing an alternative optimum combination of return and variance was therefore 

estimated.   

 

The study found that the efficiency frontier for Israel in terms of the import currency 

basket (Ei) was estimated as a concave curve. This means that the return increases at a 

diminishing rate as variance increases.  Selected optimum combinations of currency 

compositions were estimated.  It was reported that the optimum low return-risk portfolio 

was quite similar to the actual currency composition of the Israeli import basket.  This 

finding, as explained by Ben-Bassat (1980), was to be expected for two reasons. First, a 

reserve portfolio based on the composition of imports reflects a strategy of hedging 

against fluctuations in the exchange rates of import currencies.  Second, exchange rates 

fluctuations were simply the dominant element in the total return variance in the period of 

estimation.  

 

Results of the estimations of the efficiency curve in terms of the US dollar were found to 

differ considerably from those in import terms.  Whilst the main currency of the 

composition remained the same, their weights were different along the entire curve.  

These substantial differences between the two efficiency curves indicated that the 

specification of the central bank’s target currency is empirically relevant, and not a matter 

of a theoretical interest only.  
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Another important aspect of the study was the comparison of the actual and efficient 

composition for the groupings of semi-industrial and developing countries.  Several 

conclusions were argued from the results found.  First, it was observed that there was a 

fairly close correspondence between the actual and efficient portfolio of the semi- 

industrial and developing countries.  Second, whilst the two portfolios did not completely 

fit, the results suggested a strong enough conclusion that profit and risk were significant 

considerations for the central banks of these countries in managing their portfolios of FX 

reserves.    

 

Dellas and Chin (1991) 

Dellas and Chin (1991) conducted a study of the portfolio of FX reserves of Korea within 

the context of the mean-variance theory.  The study utilized monthly data of the Bank of 

Korea’s holdings of FX reserves from 1980 to 1987.  It was claimed that this was the first 

study in the field that utilized individual country data of portfolio reserve holdings and 

the actual shares of currencies used for payments of imports, rather than import shares by 

country of origin.  These two factors were perceived to be an important consideration in 

obtaining a more valid estimation.  

 

The study restricted attention to a four-currency portfolio consisting of the US dollar, the 

pound sterling, the deutschemark and the Japanese yen. Real rate of return and standard 

deviation of these four currencies were calculated as in equation 2.17 below: 
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where 
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Qti   =  monthly T-bill rate in currency I, 

Eti  =  the nominal exchange rate index between county i and the Korean won 

(won  per currency i),  

Pti  =  consumer price index in country i,  

and ati  =  weight used in the construction of Pt. 

 

The weight (ati) reflected the importance of currency i in trade transactions for Korea. 

This is to say that foreign reserves were assumed to be mainly used to finance imports.  

Dellas and Chin (1991) argued that import shares could be used as a proxy for currency 

shares with an adjustment made for oil imports that were paid in US dollars.  More 

specifically: 
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KM
a      with Kti = Kt,  if i = USA;       

                                           Kti = 0,  otherwise                 (2.18) 

 

where Mti = imports of the country under consideration from country i in month t,  

           and  Kt = oil imports which are paid in US dollars. 

 

Using all of the specifications as in equations 2.17 and 2.18, the efficient frontier which is 

represented by the solution to the minimization problems in equation 2.19 was estimated: 
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where: Si represent portfolio shares,  

and Vij
2 is the covariance of the returns of assets i and j. 

 

The result of the estimations performed by Dellas and Chin (1991) showed that the 

estimated efficient composition of currency reserves of Korea during the period were in 

fact similar to its actual composition.  Dellas and Chin (1991) therefore argued that this 

result provided further evidence in support of the mean-variance model.  

 

Papaioannou et al. (2006) 

Recently, central banks of the emerging economies in particular have become more 

concerned about diversifying their reserve assets from the dollar to the euro [see for 

example, China Business Weekly (2005)].  In light of this, Papaioannou et al. (2006) 

conducted a study for the period 1995-2005, which aimed to examine the significance of 

the euro as an alternative reserve currency to the dollar.  Similar to the methodologies 

used by Ben-Bassat (1980) and Dellas and Chin (1991), Papaioannou et al. (2006) first 

developed an optimization model using the mean-variance framework and then added 

transaction costs and other constraints which the authors considered may also be relevant 

to the special needs of central banks.   
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In developing their model, Papaioannou et al. (2006) first considered a representative 

central bank.  The authors made specific assumptions about the currency returns expected 

by the central bank, and the structure of the variance and covariance matrix of the returns, 

and used these to estimate what the composition of FX reserves would be if the central 

banks was optimizing its portfolio.  Papaioannou et al. (2006) then incorporated 

transaction costs and other factors relevant to the ways central banks in general manage 

their FX reserves into the model.  These included: (1) the need for central banks to 

provide liquidity in markets that are behaving abnormally, (2) the need for central banks 

to hold a sizable portion of their holdings in the currencies of their external debt, (3) the 

need for central banks to have a composition of FX reserves which would enable them to 

facilitate payments of trade, and (4) the need to hold a composition of FX reserves as an 

anchor currency for a fixed exchange rate.    

 

The developed model was used to estimate what the authors considered should have been 

the optimal compositions of reserves of the central banks of four large emerging 

economies - Brazil, Russia, India and China - during the periods of 1999 to 2005.  Based 

on the comparison of the results of the optimal compositions to the actual compositions, 

the authors made three important conclusions.  These conclusions are:  

(i)    When the dollar is used as a reference for the risk free currency, the optimizer will 

match the large share of the US dollar currently held in reserves. 

(ii)  The optimum portfolios show a much lower weight for the euro than is actually 

observed in current holdings.  According to Papaioannou et al. (2006), this suggested that 

the euro may already enjoy an enhanced role as an international reserve currency. 
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(iii)  The results of the estimation suggested that growth in issuance of euro-denominated 

securities, the rise in euro zone trade with the key emerging markets, and the increased 

use of the euro as a currency peg were all likely to work towards raising the optimal euro 

shares. 

 

 

2.4  TRANSACTION THEORY 

 

2.4.1  Overview 

 

Despite the superiority of the mean-variance approach in modelling the behaviour of the 

currency composition of reserve holdings in terms of portfolio diversification or 

optimisation, a number of economists have proposed important arguments that highlight a 

number of drawbacks related to the approach. Their arguments constitute the first part of 

the discussion in this section. Following to this, section 2.4.3 will derive and discuss the 

transaction theory of currency composition of FX reserves in detail.  A number of 

empirical studies based on the theory will then be reviewed.    

 

 

2.4.2  Transaction versus Mean-Variance Theory: Which is More Applicable? 

 

The mean-variance theory proposes a very meaningful approach to needs of any portfolio 

managers, including central banks, to diversify their portfolios to achieve wealth 
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optimization.  A number of economists, however, perceive that any independent 

empirical studies to identify the appropriateness of the mean-variance theory to FX 

reserves are likely to encounter a number of practical issues.   

 

Dooley (1986) and Dooley et al. (1989) raised three arguments which highlight 

difficulties associated with the application of the mean-variance optimal portfolio 

approach.  All the arguments raised concern about the availability of data on FX reserve 

holdings, which may not be sufficient to develop a thorough mean-variance study on the 

topic.  Dooley (1986) first argued that the mean-variance approach is more suitably used 

to deal with the allocation of wealth to net holdings of a financial instrument, which 

includes both assets and liabilities denominated in the instrument.  The currency 

composition of FX data, however, usually refers only to the gross holdings of any 

particular instrument.   

 

The second difficulty raised is that for the mean-variance approach to be useful, it must 

encompass decisions regarding all financial positions.  FX reserve holdings, however, 

constitute only a small subset of a wide variety of potential assets or liabilities which may 

be managed by central bankers.  In other words, the argument emphasises that both the 

yields on a variety of assets and liabilities other than reserve assets, and the covariances 

of these yields with the returns of the reserves assets, would all have to be analysed as 

determinants of optimal reserve positions.   

 



 35

The final argument raised points out that the mean-variance portfolio considerations 

would be more insightful if applied to a single country.  However, the difficulty on 

obtaining data on the currency composition of FX reserves in individual countries has 

meant that most existing studies on this topic may have referred to country groups rather 

than to individual countries.  Based on the significant difficulties related to the 

application of the mean-variance theory, Dooley et al. (1989) concluded that an 

alternative theory, the transaction theory, should provide a more practicable basis to study 

the determinants of the currency composition of FX reserve assets of central banks.  

 

 

2.4.3  Transaction Theory of Currency Composition of Foreign Exchange Reserves 

 

In contrast to the mean-variance theory, the transaction theory postulates that the desired 

currency composition of reserve assets is more likely to be independent of the optimal 

distribution of net wealth across currencies.  The theory proposes that the management of 

currency shares of FX reserves by central banks are strongly determined by market 

transaction activities undertaken by the banks.  In other words, the currencies which 

constitute the largest shares in a country’s reserve portfolio are those that are most 

important in accommodating the country’s various international transaction purposes. 

These include the financing of foreign trade, the settlement of foreign debt obligations, 

the purchases and sales of FX, and similar factors.   
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The important question that now arises is which of the transaction factors listed above are 

most important for central banks in their portfolio management of currency composition 

of FX reserve assets.  To answer this question, Dooley et al. (1989) developed a simple 

theoretical model incorporating transaction costs into the traditional mean-variance 

approach.  They then derived an empirical model to test the importance of the transaction 

factors found to be significant in the context of their theoretical framework.  A more 

recent study by Eichengreen (1998) used an alternative approach which considered 

historical and institutional evidence to choose the transaction factors that he believed to 

be most important for central banks in their management of currency composition of FX 

reserves.  

 

 

2.4.4  The Transaction Theory Model of Dooley et al. (1989) 

 

In order to choose the transaction factors of most importance to central banks, Dooley et 

al. (1989) presented a simple model which incorporates the role of transaction costs into 

the traditional mean-variance approach.  As shall be observed later, the model shows that 

there are four important determining factors for the currency composition of FX reserves 

of a country.  The four factors are: (1) the debt service payments of the country that are 

denominated in each reserve currency; (2) the exchange rate arrangement adopted by the 

country; (3) the total FX reserves of the country; and (4) the trade flows between the 

country and each reserve currency country. 
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2.4.4.1 Net and Gross Asset Positions  

In developing the model, Dooley et al. (1989) first re-emphasized their belief that 

although the mean-variance approach provides a description of the central banks’ net 

foreign assets (or liability) positions in each potential currency of denomination, the 

structure of transaction costs as well as the scale of a country’s anticipated FX market 

transactions are the principal determinants of each country’s gross assets positions, 

including its holdings of FX reserves.   

 

In supporting this belief, Dooley et al. (1989) began by referring back to the work of Roll 

(1977), Macedo (1980) and Hoorii (1986) on the mean-variance optimal portfolio model.  

These three authors argued that the optimal portfolio of currency i in a country’s net 

foreign asset portfolio is likely determined by the expected real return on holding 

positions in different currencies as well as by the covariances between the yields.  If xi 

represents the proportion of currency i in the authorities’ portfolio and X is the vector of 

the xi, then the mean (m) and variance (σ2) of the return on the net foreign asset position 

will be given by: 

 

VXX

RXm

'

'
2 




                      (2.20) 

where R is the vector of expected real returns on maintaining a position in the various 

currencies and V is the covariances matrix of the expected yields. 

 

Dooley et al. (1989) based his argument on the assumption that the utility of the central 

banking authority of the country is positively related to the expected return on their 
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portfolio and negatively related to portfolio risk.  For example, if the central banker’s 

utility function (U) is of the form: 

 

U = m - (b/2)σ2)                         (2.21) 

where b is the degree of relative risk aversion. Then the optimal vector of net portfolio 

positions (X*) will be given by: 

 

 eeVeeVRRVbeVeeVX )'/'()/1('/* 11111           (2.22) 

where e is the unit vector. 

 

To illustrate the distinction between the net and gross asset position which is implied by 

the solution to equation 2.22, Dooley et al. (1989) presented a simplified hypothetical 

scenario, as follows.  An imaginary country is assumed to only hold two types of foreign 

currencies: US dollars and deutsche marks.  Let Ai represent the holding of assets in 

currency i whilst Li is the issuance of liabilities in currency i, and Ni is equal to the net 

asset position in currency i (Ni = Ai - Li).  Moreover, let the country be a net debtor, where 

W(< 0) represents the overall size of its net debt position (taken as exogenous).  It is also 

further assumed that the solution to equation 2.22 indicates that the optimal net portfolio 

is such that half of the country’s debtor position should be denominated in dollars and 

half in deutschemarks (N1 = N2).  A country with A* in gross assets can then still 

maintain its desired net debt position in each currency (N1 = N2) by altering the currency 

denomination of its liabilities (L*). 
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For example, suppose that to minimize transaction costs, the authorities chose to hold 

most of their gross assets in US dollars, so that A1* > A2* (see Figure 2.4 below).  To 

maintain their desired net positions in each currency, the country would have to issue 

dollar and deutsche mark gross liabilities such that L1* - A1* = L2* - A2*.  Similarly, as 

long as the equality  of the net debt position in each currency is maintained, many 

combinations of gross assets (Ai) and gross liabilities (Li) could satisfy the requirements 

of the optimal net portfolio. This two currency model scenario provides quite a 

convincing argument that the theory of optimal net FX positions places no obvious 

theoretical restrictions on the currency denomination of a country’s gross reserve 

position. 

 

Figure 2.4: Gross and Net Foreign Asset and Liability Positions (Two-Currency Model) 
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Source: Dooley et al. (1989, p. 394) 
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2.4.4.2  Incorporating Transaction Cost 

Dooley et al. (1989) also provided a more thorough examination of the roles of 

transaction costs and risk return considerations in determining a country’s net and gross 

asset positions in the context of the two currency model.  As noted earlier, Ai is the gross 

holdings of reserve assets denominated in currency i, whilst Li is the gross external 

liabilities issued in that currency.  The country can in fact hold reserve assets in currency 

i that yield a random real world interest rate with a mean of ri and a variance of σri
2.  

Alternatively, the country can also choose to borrow in currency i and must pay (ri + di), 

where di is a positive constant that reflects the spread between the lending and borrowing 

rates.  Thus, the net interest earned on a given assets position is [ri (Ai - Li) - diLi].  

 

The expected return and variance on the country’s foreign asset and liability position can 

be defined as in equations 2.23 and 2.24 below: 
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where σ2
ri = the variance of yield ri,  

and  σrirj = the covariance of yields ri and rj. 

 

However, in addition to earning net interest income, Dooley et al. (1989) noted that the 

central banking authorities would also incur transaction costs associated with their 
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exchange market transactions.  To simplify, the authors assumed that the amount of 

transactions the country undertakes in each currency in each time (ti) period can be 

described by three possible states of nature (see Figure 2.5): 

 

(t1, t2) occurs with probability of 1 ;      (point B in Figure 2.5) 

(t1, T-t1) occurs with probability of 2 ;  (point C in Figure 2.5) 

(T-t2,, t2) occurs with probability of 3;   (point D in Figure 2.5),  

where total transactions T > t1 + t2 and 1 + 2 + 3 = 1 

 

Figure 2.5: Reserve Holdings and Transaction Structure 

 

Source: Dooley et al. (1989, p. 394)           
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Given the transaction structure, the country is argued to face transaction costs that are 

influenced by two factors. The first factor is the cost of converting one currency into 

another.  Suppose, the authorities hold sufficient reserves denominated in a given 

currency (Ai) to meet the exchange market transactions in that currency, then it can be 

argued that the authorities would not incur any transaction cost.  In terms of Figure 2.5, 

suppose for example that the holdings of reserves are represented by point A with Ai of 

currency 1 and A2 of currency 2.  If actual transactions are t1 and t2 (point B in figure 2.5), 

the country would not incur any transaction costs because its reserve holdings in each 

currency would be sufficient to meet all transactions in the different currencies.   

 

However, when the transactions are such that holdings of reserves denominated in one 

currency are exhausted, the central bank must convert the holdings of reserves 

denominated in the other currency into the first currency.  This would therefore result in 

transaction costs.  In terms of Figure 2.5, this situation could be explained as follows.  

Suppose for example, the actual transactions were represented by either point C or D.  

This would mean that central banks would incur the costs of converting reserves from 

one currency to another currency as the amount of reserves in one of the currencies will 

be lower than the level of transactions in that currency.  

 

Another type of cost can also be associated with the possibility that the central banking 

authorities may in fact exhaust their reserve holdings.  Suppose now that points C and D 

in Figure 2.5 represent situations in which the country’s total reserves are inadequate.  As 

argued by Dooley et al. (1989), this outcome could force the authorities to engage in 
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emergency borrowing, which may be relatively costly.  The authors in this case assumed 

that the costs of converting currencies or of engaging in emergency borrowing to offset 

reserve shortage are taken as being represented by quadratic functions of the amounts 

involved.   

 
From Figure 2.5, if the outcome of transactions is B, there is no transaction cost because 

the level of reserves held in each currency is higher than the level of transactions in the 

respective currency, that is, A1 > t1 and A2 > t2.  If the outcome is C, holdings of currency 

1 are higher than transactions in that currency (A1 > t1) but holdings of currency 2 are 

lower than transactions in that currency (A2 < T-t1).  In addition, total holdings of reserves 

A1 + A2 are lower than total transactions T.  This would result in a cost associated with the 

conversion of the excess of currency 1 into currency 2 (A1 - t1), and a cost associated with 

the overall shortage of reserves (T - A1 - A2).  The same type of reasoning applies to 

outcome D.  As a result, the expected conversion and reserve-shortage costs for holding 

reserves A1 and A2 are given by: 

 

2
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where E(tc) is expected total transaction costs,  

and c and p are parameters associated with the conversion of reserves from one currency 

to another and with reserve shortages, respectively.  
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As discussed earlier, in determining their holdings of foreign assets and issuance of 

foreign liabilities, Dooley et al. (1989) assumed that the utility maximisation function of 

the central banking authorities is a positive function of the expected return (m) on their 

net foreign asset portfolio (net of expected transaction and emergency borrowing costs) 

and is negatively related to variance (σ2) of the yield on that portfolio (see equation 2.21). 

In particular, the authorities select A1, A2, L1 and L2, subject to the constraint imposed by 

the size of their overall net foreign asset position, W = A1 + A2 - L1 - L2 = N1 + N2 (where 

W can be either positive or negative).  Thus, the utility function of expected transaction 

cost can be written as: 
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where, from equation 2.23 and 2.24 
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and E(tc) is as defined in equation 2.25. 

 

Taking the first order conditions of the utility function as defined in equation 2.26 yields: 
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A1 and A2 are given by:  
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Equations 2.27 and 2.28 show that the country’s net foreign asset positions in each 

currency (N1 and N2) are explained by the expected yields (or borrowing costs) (ri and di), 

the variances and covariances of these yields (σr1, σr2, σr1r2) and the degree of relative risk 

aversion (b).  These net positions, however, are independent of the structure of 

transaction costs (πi, c and p) or the likely volume of exchange market transactions (T and 

ti).  By contrast, equations 2.29 to 2.31 imply that gross holdings of reserve assets (A1 and 

A2), that is, the currency composition of FX reserves, are determined by transaction costs 

associated with currency conversion and reserve shortages, and by the minimum and 

maximum levels of potential exchange market transactions. 

  

2.4.4.3 Transaction Costs and the Currency Composition of Reserves 

From this theoretical foundation, Dooley et al. (1989) used the hypothesis that transaction 

needs are the principal determinants of the currency composition of FX reserves to 

examine the behaviour of the proportion of reserves denominated in each of the major 

reserve currencies.  As formulated in equation 2.32 below, Dooley et al. (1989) argued 

that the currency composition of reserves would be sensitive to the scale of transactions 
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in a given currency for debt service and trade relative to total transactions for these 

purposes.   

 

Furthermore, they argued that the scale of exchange market transactions undertaken by 

the authorities would also be influenced by the nature of the exchange rate arrangements 

they select.  Maintaining a fixed exchange rate in this case will require a higher level of 

exchange market intervention in a particular currency than maintaining a floating 

exchange rate. In their estimations, Dooley et al. (1989) represented the empirical 

relationship between the currency composition of reserves, the relative scale of exchange 

market transactions in different currencies, and exchange rate arrangements by: 
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where  t = 1,…, T (number of periods) 

 i = 1,…, n (number of countries) 

 k,v = 1,…, 5 (number of reserve currency countries) 

 s = 1,…, 5 (number of exchange rate arrangements) 

 

Ai,k,t  =   reserve of country i held as assets denominated in the currency of reserve country 

k at time t (converted to U.S. dollars at the end of the period) 

Di,v,t = debt service payments of county i denominated in the currency of reserve  

currency country v at time t 

Ei,s,t  =    exchange rate arrangement of type s adopted by country i at time t 
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tiA ,    =   total end of period FX reserves for country i at time t (measured in US dollars) 

TTi,t  =  sum of exports, imports and (in the case of developing countries) debt service 

payment 

TRi,v,t =  trade flows (exports plus imports) between country i and reserve currency 

country v at time t.  

 

Derivations of trade flows, debt servicing payments and exchange rate arrangements by 

Dooley et al. (1989) as the explanatory variables for the currency composition of FX 

reserves have provided strong theoretical and empirical foundations for the later work 

that have been conducted in the field [see for example, Eichengreen and Mathieson 

(2000)].  The results of the empirical analysis by Dooley et al. (1989) and further 

discussion of other empirical estimations of the transaction theory will be presented in 

Section 2.5.  

 

 

2.4.5  The Transaction Theory Model of Eichengreen (1998) 

 

A more recent transaction theory model of currency composition of reserves is the model 

proposed by Eichengreen in 1998.  This model was developed during the period when the 

euro was first introduced on 1 January 1999.  The primary aim for the development of the 

model was to incorporate the expected impact of the euro on the management of currency 

composition of reserves by central banking authorities.     
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Eichengreen (1998) argued that the global holdings of the three most dominant reserve 

currencies in the period, that is, US dollars, pound sterling and Japanese yen, were 

determined by three important factors, firstly, the share of each currency country in 

global gross domestic product (GDP), secondly, the share of each currency country in 

global exports, and thirdly, the development of the incumbency advantage of each reserve 

currency. More formally, the relationship can be specified in the form of equation 2.33: 

 

tititititi YBAY ,1,3,2,10,                         (2.33)  

where Yi,t is the share of each currency in global FX reserves, 

          Ai,t is the share of global GDP of each currency country, 

          and Bi,t is the share of global exports of each currency country. 

 

The choice of the relative economic and trade sizes of a currency country as explanatory 

variables for the holdings of the currency as reserve was derived from an earlier study by 

Eichengreen and Frankel (1996) which provided evidence on the emerging issue of the 

potential rivalry between the dollar and the euro.  As argued by a number of economists 

including Bergsten (1997b) and Mundell (1998), the newly created euro was expected to 

overtake the US dollar as primary reserve currency.10  These predictions were based on 

the consideration that the combined economic size and international trade of the unified 

European countries would in fact be larger than those of the USA.    Bergsten (1997b) for 

example proposed that the dollar and the euro were each likely to reach about 40 percent 

share in the global use and holdings of FX reserves.   In responding to this proposition, 

                                                 
10  Further discussion on the issue of the rivalry between the dollar and the euro can be found in Chapter 3.  



 49

Eichengreen (1998) argued that if the coefficients of the US GDP and US trade in 

equation 2.33 were found to be positive and significant, one could conclude, at least 

initially that the shift of primary reserve currency from the dollar to the euro would be 

likely to happen only gradually.   

 

Eichengreen (1998) surveyed historical and institutional evidence on holdings of FX 

reserves by central banks for the whole of the 20th century.  From this evidence, he 

argued that incumbency advantage seemed to play a significant role in ensuring that 

central banks were likely to continue to hold their reserves in the currency that is already 

the dominant currency, as the US dollar has been over the current period.  Eichengreen 

(1998, p. 484) stated that it pays for central banks to hold their FX reserves in a currency 

like the US dollar which is widely used for settling international financial transactions, 

that is, in a currency for which markets are stable and liquid.  He further argued that the 

use of the US dollar as the principal reserve currency for international financial 

transactions over the past fifty years would provide network externalities, and lend 

inertia and elements of path dependency to the continued development of its reserve 

currency status.  In terms of equation 2.33, Eichengreen (1998) incorporated the lag of 

the dependent variable (Yi,t-1) to represent the importance of incumbency advantage of a 

currency as an explanatory variable in determining the holdings of the currency as 

reserve.  Further details of the results of the estimation by Eichengreen (1998) will be 

presented in Section 2.5.   
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2.5  EMPIRICAL STUDIES OF THE TRANSACTION THEORY 

 

As with the mean-variance studies, data limitations appear to have restricted the number 

of available empirical studies on the transaction theory of currency composition of FX 

reserves to five studies only.  

 

Heller and Knight (1978) 

The first empirical study that used the transaction theory was the Heller and Knight study 

in 1978.  Although the empirical model used in the study was not as detailed as later 

models, their study was important as it provided the first empirical evidence that 

transaction needs played a major role in the determination of currency composition of 

reserves.  Heller and Knight (1978) attempted to explain variations in the proportions of a 

country’s FX reserves denominated in US dollars, pound sterling, deutsche marks, French 

francs and other reserve currencies.     

 

In an argument similar to that in the later paper by Dooley et al. (1989), they proposed 

that both a country’s exchange rate arrangement and share of trade with a particular 

reserve currency country would influence the currency composition of FX reserves of the 

country.  The quantitative method used by Heller and Knight (1978) was a cross sectional 

time series regression which utilized individual country data from 76 nations over the 

period from 1970 to 1976.  Their results showed that countries increased the proportion 

of their FX reserves held as a given reserve currency if they fixed their exchange rate to 

that currency, or if the reserve center was an important trading partner.  
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Dooley et al. (1989) 

Using the empirical model specified in equation 2.32, Dooley et al. (1989) attempted to 

explain the holdings of reserves in a particular currency by an individual country as a 

function of the trade flows and debt servicing payments between the country and the 

reserve currency country, and the nature of the country’s exchange rate arrangements.  

Their empirical analysis used confidential data from the International Monetary Fund 

(IMF) on the currency composition of FX reserves for individual countries.  The data 

from individual countries was combined into separate cross-country time series 

estimations for groupings of industrialized and developing countries during the period 

1976 to 1985.  The use of groupings of individual country data as opposed to aggregated 

group data was considered to be more desirable as changes in the currency preferences of 

individual countries could be distinguished from shifts in the distribution of total reserves 

across the countries of the group.   

 

Dooley et al. (1989) estimated equation 2.32 using Ordinary Least Squares (OLS), as 

well as by Tobit and Symmetrically Censored Least Squares (SCLS) quantitative 

methods.  The results of the estimations using the three different methods showed similar 

results.  They indicated that trade flows and exchange rate arrangements played a 

significant role in the determination of the currency composition of FX reserves.  More 

specifically, for exchange rate arrangements, the estimation results confirmed that both 

developing and industrial countries had the tendency to hold a greater proportion of FX 

reserves in a particular currency if the exchange rate was pegged to that currency.  In this 

case, the authors also emphasized that the influence of exchange rate arrangements were 
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stronger for individual countries which participated in cooperative agreements such as the 

European Monetary System (EMS).   

 

Eichengreen (1998) 

In a later period, Eichengreen (1998) used a similar model to that of Dooley et al. (1989) 

to examine the potential impact of the proposed new currency, the euro, on central 

bankers’ management of FX reserves.  The estimation in this case used aggregated data 

on the currency composition of total global holdings of reserves.  Using the model 

specified in equation 2.33, Eichengreen (1998) ran three estimations that analyzed the 

relationship between the shares of the US dollar, the pound sterling and the yen in the 

global FX reserves relative to each country’s share in global GDP and global exports, and 

a lagged dependent variable.  The estimation used data from the period 1971 to 1995.  

The Seemingly Unrelated Regression (SUR) econometric method was used to estimate 

the equations.  The SUR method was considered to be most appropriate as the equation 

for one reserve currency is not entirely independent from the estimating equations which 

represent other currencies.   

 

Results of the estimations by Eichengreen (1989) indicated three important findings.  

First, as the economy of a currency country grows larger, its currency should increase in 

significance as reserve currency for other countries.  Second, as a currency country 

increases its trade volume with the rest of the world, other nations will have a tendency to 

hold more of the country’s currency as their reserves for import payment purposes.  

Third, incumbency advantage was found to be an important factor to ensure the 
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dominance of a principal reserve currency.  All these findings led Eichengreen (1989) to 

conclude that the optimistic belief that the euro would overtake the dollar as primary 

reserve currency was still open to debate.  

 

Eichengreen and Mathieson (2000) 

Prior to the full use of the euro in 2002, Eichengreen and Mathieson (2000) used the 

empirical model developed by Dooley et al. (1989) to provide more recent evidence on 

the importance of exchange rate arrangements, international trade flows, and debt 

servicing payments in the determination of a country’s currency composition of reserve 

holdings.  As opposed to the Dooley et al. (1989) estimation, which used data from 1976 

to 1985, this study used longer cross-sectional time series data from the period 1979 to 

1996.  The study by Eichengreen and Mathieson (2000) found that, over time, both the 

currency composition of FX reserves and its relationship with the three principal 

determinants have been quite stable.  With regard to the potential dominance of the euro 

over the dollar as primary reserve currency, these findings further indicated that the sharp 

shifts between these two currencies were still very unlikely.   

 

Chinn and Frankel (2005) 

Chin and Frankel (2005) conducted a study that was designed to analyse the possibility of 

whether or not the euro would eventually surpass the dollar as the leading international 

reserve currency.   The estimation used IMF annual data on global aggregate central bank 

holdings of a number of relevant reserve currencies including US dollars, yen and pound 

sterling from the period 1973 to 1998.   
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In their estimation, Chinn and Frankel (2005) used five independent variables as possible 

determinants in explaining the currency composition of reserves.  These variables 

consisted of the global share of GDP of the currency countries, the inflation rate of the 

currency countries, the exchange rate volatility of the reserve currencies, the FX turnover 

of the reserve currencies and the incumbency advantage of reserve currencies.   

 

Coefficients of the independent variables found in their estimations are used to predict 

the likelihood of whether or not the euro will surpass the dollar as the leading reserve 

currency.  Chinn and Frenkel (2005) concluded that whether the euro will become the 

dominant reserve currency will mainly depend on two things: (1) whether enough other 

European Union (EU) members join the eurozone so that it becomes larger than the US 

economy and, in particular, whether the United Kingdom (UK) with its large financial 

market comes in; and (2) whether US macroeconomic policies eventually undermine 

confidence in the value of the dollar through inflation and depreciation.     

 

 

2.6  CONCLUSION   

 

Two different theories, the mean-variance and the transaction theory, have been used as 

the basis for the development of both theoretical and empirical models in previous studies 

of currency composition of FX reserves.  This chapter has presented a detailed overview 

of the two theories and of the previous empirical studies based on these theories.  

Empirical studies on the topic have been relatively limited due to difficulties in obtaining 

the required data.  The aim of the chapter has been to use the existing literature to 
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establish theoretical and empirical foundations for empirical analyses of currency 

composition of FX reserves in the subsequent chapters.  

 

The mean-variance theory presents a hypothesis that central banks are primarily 

concerned with constructing an optimal currency composition of FX reserves that will 

maximize their wealth.  In other words, the theory assumes that the factors that are most 

important in the determination of the currency composition of reserve assets are the risks 

and returns associated with holding the reserve assets in the different currencies.  More 

formally, the theory argues that rational central bankers construct an optimal composition 

of FX reserves that minimize the risk of the reserves for a given return on the reserves, or 

vice versa, maximize the return of the reserves for a given level of risk.   

 

Only three empirical studies of the mean-variance theory of the currency composition of 

FX reserves appear to have been published to date.  Ben-Bassat (1980) found that profit 

and risk considerations were important factors in the management of the currency 

composition of FX reserves of Israel, and of the semi-industrial and the developing 

countries in the period 1972 to 1976.  Similarly, Dellas and Chin (1991) found that risk 

and return played a significant role in the determination of the currency composition of 

FX reserves of Korea between 1980 and 1987.   Most recently, Papaioannou et al. (2006) 

used the mean-variance framework to asses the significance of the euro as reserve 

currency.  The study found that in general the euro may have already enjoyed an 

enhanced role as an international reserve currency 
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Conversely, transaction theory argues that currencies which constitute the largest shares 

in a country’s reserve portfolio are those that are most important to accommodate the 

country’s various international transaction purposes. These include the financing of 

foreign trade, the settlement of foreign debt obligations, the purchases and sales of FX 

and similar factors.  In contrast to the mean-variance theory, this theory postulates that 

the desired currency composition of reserve assets is more likely to be independent of the 

optimal distribution of net wealth across currencies 

 

Dooley (1986) and Dooley et al. (1989) presented a number of arguments of why the 

transaction theory should be more relevant for empirical studies on the currency 

composition of FX reserves.  The authors identified three difficulties which may be 

associated with the application of the mean-variance theory.  Firstly, the mean-variance 

approach is more suitably used to deal with allocation of wealth to net holdings of a 

financial instrument.  The currency composition of FX data however, usually only refer 

to its gross holdings.  Secondly, for the mean variance approach to be useful, it must 

involve decisions regarding to all financial positions.  The holdings of foreign reserves 

however constitute only a small subset of a variety of potential assets or liabilities.  

Thirdly, the mean variance portfolio considerations would be more insightful to be 

applied to a single country.  In a number of existing studies however, confidentiality 

restrictions imposed by central banks have meant that the data available has been limited 

to groupings of countries.  
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Only five available empirical studies of the transaction theory appear to have been 

published to date.  Heller and Knight (1978) found that countries increased the proportion 

of their FX reserves held as a given reserve currency if they fixed their exchange rate to 

that currency, or if the reserve center was an important trading partner. Dooley et al. 

(1989) identified debt service payment, trade flows, and exchange rate arrangement as 

important in explaining the management of reserve currencies in the group of industrial 

countries and the group of developing countries during the period 1976 to 1985. A later 

study conducted by Eichengreen and Mathieson (2000) found that over time, the 

relationship between the currency composition of reserves with the three factors 

identified by Dooley et al. (1989), had been quite stable.  

 

Eichengreen (1998) found that global holdings of the dominant reserve currencies are 

likely to be determined by three important factors which include: (1) the share of each 

currency country in the global GDP, (2) the share of each currency country in the global 

exports and (3) the development of the incumbency advantage of each reserve currency. 

Chinn and Frankel (2005) identified five variables as important for the determination of 

the current holdings of reserves.  These variables are (1) the global share of GDP of the 

currency countries, (2) the inflation rate of the currency countries, (3) the exchange rate 

volatility of the reserve currencies, (4) the FX turnover of the reserve currencies and the 

(5) incumbency advantage of reserve currencies.  Overall, all these studies have 

confirmed the importance of  economic size, trade flows, debt service payment, inflation 

rate, exchange rate volatility, and incumbency advantage as transaction factors relevant 

for the management of currency composition of FX reserves.  
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Whilst the available literature has provided solid foundations for the study of the 

currency composition of FX reserves, this field of study would benefit from the following 

further research.  Firstly, more recent data, which include the post euro period, would 

better shed light on the issue of whether the euro is likely to replace the US dollar as the 

leading reserve currency.  Secondly, the use of more detailed data from sub-groups of 

countries, such as developed and developing country groupings, would enable an analysis 

of any differences which may exist in the management of reserves between groups of 

nations.  Only one study using data at this level of detail appears to have been published 

(Dooley et al, 1989), and this study used a data period which concluded more than two 

decades ago.  Thirdly, use of individual country data would be particularly valuable to 

clarify the significance of the different factors proposed by the transaction theory, as well 

as those proposed by the mean-variance theory in the determination of reserve currency 

share.     

 

In the later chapters, the dissertation will seek to develop the existing literature in the 

directions discussed above.  Evidence obtained in the following chapters will be useful to 

further clarify the relevance of the two theories and to shed light on the issue of the 

potential rivalry between the US dollar and the euro for the leading reserve currency. 
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CHAPTER 3 

The Euro and Its Potential Role as Reserve Currency 

 

 

3.1  INTRODUCTION 

 

This chapter is designed to provide background information on the history and role of the 

euro.  It also reviews the literature on the two different viewpoints that have been 

expressed in the debate about the potential rivalry between the euro and the dollar as 

primary reserve currency.   The information provided will enable a more thorough 

preparation for the later empirical analysis of currency composition of FX reserves in the 

post euro period.  More specifically, it will help to shed light on the issue of whether or 

not the euro is likely to overtake the current position of the US dollar as the principal 

reserve currency. 

 

Section 3.2 will discuss a number of important and related aspects of the existence of the 

euro.  These include: the creation and the initial purpose of the euro, the use of the euro in 

the so-called eurozone countries, and the present performance of the euro in the world 

economy, particularly its role in the international monetary system.  Section 3.3 will then 

present a review of both the optimistic and pessimistic views on the issue of the 

likelihood of the euro overtaking the dollar as the leading reserve currency.  Finally, in 

Section 3.4, a summary of the key points of the chapter will be presented. 

 

 



 60

 

3.2  THE EURO: ITS HISTORY AND PERFORMANCE 

 

3.2.1 Overview 

 

Since its creation in 1999, the euro has added a whole new dimension to the global 

economy.   The governments of the eurozone countries have persistently argued for the 

success of their single currency, but the euro has continually raised controversies over its 

role and importance in the international monetary system.  This section will discuss the 

history of euro, dating back to the formation of the EU in 1957.  Furthermore, it will 

discuss the potential international significance of the currency by looking at comparisons 

of the economic size and trade volume of the eurozone countries with those of the USA.  

Lastly, the section will review the FX volatility of the euro in the past decade and the 

impact of the currency in the global FX market.  In its entirety, the section will help to 

provide insights that will assist with the discussion and empirical analysis on the issue 

whether the euro is likely to overtake the current position of the US dollar as leading 

reserve currency both for Australia and for other developed and developing countries.  

 

 

3.2.2  The History of the Euro 

 

The history of the euro can be traced back to the formation of the EU through the signing 

of the Treaty of Rome in 1957.  The treaty of Rome was a formal agreement by a number 
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of Western European countries to dismantle the previously imposed tariff and exchange 

restrictions, quantitative controls, state trading and other trade barriers within the region.  

The EU initially consisted of six nations: Belgium, France, Italy, Luxembourg, the 

Netherlands and West Germany.  By 1973, its membership had expanded when UK, 

Ireland and Denmark joined the trade bloc.  Greece became the tenth member in 1981, 

and the entry of Portugal and Spain in 1987 raised the membership to 12 nations.  In 

1995, Austria, Finland and Sweden also joined the union.  Recently, Bulgaria and 

Romania were admitted into the EU on 1 January 2007.11 

  

According to the Treaty of Rome, the EU agreed in principle to follow the path of 

economic integration and eventually become an economic union.  To pursue this goal, the 

member countries first removed tariffs and other trade barriers to establish a free trade 

area by 1968.  The success of the free trade area motivated the EU to continue its process 

of economic integration.  In 1970, the EU had adopted a common external tariffs system 

for its members and become a fully-fledged customs union.  Several studies that have 

been conducted on the overall impact of the EU on the welfare of its members have 

indicated that the union has been very successful in promoting trade creation (see for 

example Drabik et al., 2007)  

 

In 1985, the EU further announced a detailed program for extending the existing customs 

union to become a common market.  This program led to the removal of the remaining 

trade barriers to intra EU transactions by 1992.  The elimination of these barriers resulted 

                                                 
11  Information on the history and formation of the EU can be found in Pilbeam (1998), Carbaugh (2004) 
and European Central Bank (ECB) website.  



 62

in the formation of the European common market and turned the trade bloc into the 

second largest economy in the world, one which is now almost as large as the US 

economy.   

 

Even while the EU was undertaking the change to a common market, its heads of 

government had agreed to pursue much deeper levels of integration. Their goal was to 

begin a process to replace their individual central banks with a unified central bank, the 

ECB and, in conjunction, to replace their national currencies with a single European 

currency.  To facilitate this goal, the Maastricht Treaty was signed in 1991. 1 January 

2002 was set as the date at which the process of the formation of the EMU, operating 

with a single currency to be known as the euro, would be complete. 

 

The Maastricht treaty specified that to be considered ready for monetary union, a 

country’s economic performance would have to be similar to the performance of other 

members.  Countries were not allowed to pursue different rates of money growth, 

different rates of economic growth or different rates of inflation.  Thus, the first 

assignment which the EU nations had to do was to align their economic and monetary 

policies.  To help achieve this objective, the Maastricht Treaty mandated a number of 

convergence criteria which each prospective EMU member nation had to adopt.  In 1999, 

11 of the EU’s 15 members fulfilled the criteria and became the founding members of the 

EMU.  These countries included Belgium, Germany, Spain, France, Ireland, Italy, 

Luxembourg, the Netherlands, Austria, Portugal, and Finland.  In 2001, Greece became 

the twelfth country to join the EMU.  UK, Sweden and Denmark however decided not to 
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participate in the EMU at that time.  The monetary union was especially viewed as an 

important way to anchor the newly re-unified Germany securely in Europe. However, the 

formation of the common central bank also provided the French with a larger role in 

determining monetary policy for Europe, which previously was mainly determined by the 

German Bundesbank. 

 

The euro was first introduced on 1 January 1999 as the new currency for the 11 founding 

nations listed above.  In addition, a single monetary policy was introduced for these 

countries under the authority of the newly formed ECB located in Frankfurt, Germany.  

As from that day, all transactions in the euro area and the worldwide financial markets, 

including the FX, share and bond markets, as well as the FX reserves and debts of 

government authorities, switched to the euro.  National currencies, however, remained in 

use for other purposes at agreed exchange values for each national currency to the euro. 

 

It was not until 1 January 2002 that the euro note and coins started to replace notes and 

coins in national currencies which were withdrawn from circulation.  Since then, national 

currencies are no longer valid for everyday use, but people can still exchange their old 

bank notes for euro bank notes at the national central banks.  Also, as of 2002, old 

national currency units can no longer be used in written form such as cheques, contracts, 

and pay slips.   
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3.2.3  The Euro and the Eurozone 

 

The use of the euro in the EMU nations forms what is called the ‘eurozone’, which in 

economic size is now almost as large as the US economy.  As will be discussed later in 

Section 3.3, the increasing economic size of the eurozone forms an important part of the 

argument as to why the euro may potentially threaten the position of the US dollar as the 

leading reserve currency.  The section will thus provide an overview of a number of 

relevant statistics regarding the economic and trade sizes of the eurozone and how its 

economic size compares to that of the US economy.       

 

Figure 3.1 and 3.2 below show the composition of the GDP and the export volume of the 

eurozone in 2005.12  Germany, being the largest economy and the backbone nation in the 

region, forms the highest proportion of the total GDP and total exports of the euro zone.  

Both the GDP and the exports of Germany account for around 30% of the composite 

GDP and exports of the zone.  France on the other hand accounts for 21% of the total 

GDP of the eurozone.  Its exports, however, account for only 15% of the total exports of 

the zone, which is just half of Germany’s exports.  These figures show that around half of 

the total GDP and exports of the eurozone are contributed by the two leading nations in 

the region.   

 

In the context of the reserve currency, the importance of the German economy, especially 

in trade, was the main reason that the deutschemark was the preferred choice amongst the 

                                                 
12  Data for 2005 is shown here to illustrate the situation at the end of the period of estimation for the 
empirical analysis in the following chapters.  2005 is the latest year for which the data on FX reserves 
required for estimation was available at the time of writing.   
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European currencies for central bank reserves around the world in the pre euro era.  In 

fact, the figures for global FX reserve holdings suggest that, as reserve currency, the euro 

is simply perceived as a substitute for the deutschemark from the pre euro period.13  

 

Figure 3.1: Composition of GDP of Eurozone (2005)                                                       
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 Note: GDP measured in current prices (in billions of $US).                 
 Source: IMF World Economic Outlook Database 

 

 

Figure 3.2: Composition of Exports of Eurozone (2005)  
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Note: Export measured in billions of $US                                 
Source: OECD Trade Statistics Database 

                                                 
13  See IMF Annual Reports (2001,2002,2003) 

Germany  2,791.74 28.03% 

France  2,126.72 21.35% 

Italy  1,765.54 17.73% 

Spain  1,126.57 11.31% 

Netherlands  629.91 6.32% 

Belgium  371.7 3.73% 

Austria  305.34 3.07% 

Greece  225.59 2.26% 

Ireland  200.77 2.02% 

Finland  196.05 1.97% 

Portugal  183.62 1.84% 

Luxembourg  36.53 0.37% 

TOTAL 9,960.08 100.00% 

Germany   80.81 31.29% 

France   38.32 14.84% 

Netherlands   33.83 13.10% 

Italy   30.63 11.86% 

Belgium  27.85 10.78% 

Spain   15.59 6.04% 

Austria 10.42 4.03% 

Ireland   9.17 3.55% 

Finland  5.5 2.13% 

Portugal   3.18 1.23% 

Luxembourg   1.53 0.59% 

Greece   1.43 0.55% 

TOTAL 258.26 100.00% 
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It is also informative to compare the total GDP of the eurozone to that of the US 

economy.  Figure 3.3 below shows that throughout the years 1999 to 2005, the GDP of 

the US has consistently been larger than the GDP of the eurozone.  During the period, the 

GDP of the US has been about 40% greater than the total GDP of the eurozone.  Figure 

3.3 also shows that the GDP of the eurozone in particular decreased during the years 

1999 to 2000.  Since then however, the GDP of the eurozone has increased at quite a 

significant pace.  On the other hand, during the years 1999 to 2005, US GDP has grown 

at a steady rate.    

 

In terms of the share of global GDP, the GDP of the US and the euro zone on average 

account for about 21% and 16% respectively of world GDP.  All these facts indicate that 

the US economy remains the largest economy in the world.  As will be discussed in 

Section 3.3, this would arguably ensure the dominance of the US dollar as the leading 

reserve currency.  Nevertheless, the newly formed eurozone has created the second 

largest economy in the world.  Furthermore, its economic size is becoming closer to the 

size of the US economy and it is still in the process of expansion, as other nations in the 

region including the UK may join the zone in the future.  These facts indicate that the 

euro certainly has the potential to overtake the US as the dominant currency over time. 

 

Figure 3.3: Comparison of GDP of US and Eurozone (1999-2005) 

 1999 2000 2001 2002 2003 2004 2005  

US 9,268.43 9,816.98 10,127.95 10,469.60 10,960.75 11,712.48 12,455.83 
1

Eurozone 6,802.12 6,200.82 6,269.26 6,843.04 8,428.00 9,635.84 9,963.10 
2

US 21.63 21.41 21.04 20.75 20.49 20.29 20.1 
3

Eurozone 16.81 16.66 16.56 16.23 15.73 15.25 14.78 
4
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US GDP vs. Eurozone GDP (1999-2005)
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Share of US vs. Eurozone GDPs of World Total (1999-2005)
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Notes: 1 and 2 show GDP of US and total GDP of Euro zone (in billions of $US) 
         : 3 and 4 show share of US and Euro zone GDP of world total (in per cent). 
Source: IMF World Economic Outlook Database 
 
 

 

3.2.4  The Euro: Its Performance and Use 

 

This section will briefly review the performance of the euro in terms of its exchange 

value and use as a trading currency in global FX markets since its introduction on 

January 1999.  The value of the euro against the US dollar since 1999 has undergone a 

roller-coaster ride, but which has since seen it return to the original starting point.  From 

January 1999 to February 2002, the euro steadily depreciated against the US dollar 

without any major intervention from the ECB.  Since then, its value began to gradually 
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rise and by September 2006 had reached a height of 0.74 euros to 1 US dollar.  Figure 3.4 

below shows the fluctuation of the exchange rate of the euro against the US dollar in 

between 1999 to 2004.   

 

Figure 3.4: Dollar-Euro Exchange Rates; 1999-2004 (Euro to 1 US$) 

  1999 2000 2001 2002 2003 2004 

January 0.863 0.987 1.067 1.133 0.942 0.791 

April 0.935 1.059 1.121 1.128 0.921 0.834 

July  0.965 1.066 1.161 1.007 0.88 0.815 

September 0.953 1.173 1.105 1.019 0.854 0.799 
 
Source: x-rates.com, History Outlook.  
 

These significant changes in the value of the euro, through the initial three-year 

depreciation, followed by a four-year appreciation, have raised concerns over its 

credibility as an emerging international currency.  A number of different explanations 

have been put forward as an attempt to shed light on this issue.  One simple but 

seemingly convincing argument is the explanation presented by Shams (2005).  Shams 

(2005) argues that, up to the introduction of the euro coins and banknotes in 2002, the 

euro was not full fledged money.  Its initial depreciation was therefore simply the result 

of the depreciation of some national currencies of the eurozone countries when converted 

to euros rising fixed conversion rates.  On the other hand, the euro appreciation after 

2002, following the introduction of coins and banknotes, was due to the fact that the euro 

started to become a full-fledged money and a new international currency.  It could then 

perform all the required monetary functions and evolve to become the currency of a large 

scale industrial complex.   
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Some have also argued that the weaknesses of the euro during its first year of operation 

were caused by a number of policy errors.  These included the policy missteps by the 

arguably inexperienced ECB board on the timing of the official announcements of 

interest rate changes, the failure of the ECB to release inflation forecasts, the quick 

conversions of the large volume of euro dominated security issues into dollars, and the 

uncertain commitment of a number of eurozone governments to market friendly reform 

(Eichengreen, 2000).  

 

In terms of the comparison of the use of the euro and the US dollar in global FX markets, 

a report from the Bank for International Settlements (BIS, 2005) shows that between the 

periods 2001 to 2004 there were no important changes in the trend use of the two 

currencies. During that time, the US dollar continued to maintain its dominance as the 

most traded currency, and around 90% of the global transactions were facilitated in 

dollars.  The euro on the other hand remained in second position with an average share of 

37%.14  The euro share was in fact somewhat lower than the combined usage of the 

deutschemark, French franc and other EMU currencies in the pre-euro period, which 

totalled around 50%.  This decline, however, was expected and should not be of concern 

as monetary unification means that countries within the eurozone no longer need to 

convert their currencies to the currencies of their European trading counterparts, thus 

reducing the worldwide need for trade in euro. 

 

 

 

                                                 
14  Because two currencies are involved in each transaction, the sum of percentage shares of individual 
currencies sums to 200% instead of 100% 
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Figure 3.5: Currency Distribution of Reported Global Foreign Exchange Market 

Turnover: Percentage Shares of Average Daily in April  

  1992 1995 1998 2001 2004 

US Dollar 82 83.3 87.3 90.3 88.7 

Euro N/A N/A N/A 37.6 37.2 

Deutschemark 39.6 36.1 30.1 N/A N/A 

French Franc 3.8 7.9 5.1 N/A N/A 
ECU and Other EMS 
Currencies 11.8 15.7 17.3 N/A N/A 

Japanese Yen 23.4 24.1 20.2 22.7 20.3 

Poundsterling 13.6 9.4 11 13.2 16.9 

Swiss Franc 8.4 7.3 7.1 6.1 6.1 

Australian Dollar 2.5 2.7 3.1 4.2 5.5 

 
Source: BIS (2005), Triennial Central Bank Survey: Forex and Derivatives Market Activity in 2004.    
 

 

3.3 THE POTENTIAL ROLE OF EURO AS RESERVE CURRENCY 

 

3.3.1 Overview 

 

This section will review the differing opinions held by commentators in regard to the 

potential role of euro as reserve currency.  More specifically, the section will revisit both 

the optimistic and pessimistic predictions that have been made on the topic of whether or 

not the euro is likely to surpass the US dollar as the leading reserve currency.  The 

optimistic views of a number of economists including Benassy-Quere (1996), Bergsten 

(1997a,b) and Mundell (1998), will first be discussed in Section 3.3.2.   Then Section 

3.3.3 will highlight the pessimistic views on the issue, which have been advocated by 

authors such as Eichengreen (1998), Frankel (2000) and Masson (2007).  These reviews 

will contribute to provide firm foundations for the empirical analysis of the rivalry 

between the euro and the dollar as reserve currency in the subsequent chapters. 
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3.3.2 Optimistic Views on the Dominance of the Euro 

 

A number of economists including Bergsten (1997a,b) and Mundell (1998) have argued 

that the creation of the EMU and the euro would produce a strong currency that would 

significantly challenge the dollar for global supremacy.  For example, on the eve of the 

launch of the virtual euro in 1999, the Nobel Prize winner in economics, Robert Mundell, 

for example, stated that: 

  

“ The introduction of the euro will represent the most dramatic change in the 

international monetary system since President Nixon took the dollar off gold in 

1971 and when the era of flexible exchange rates began … the euro is likely to 

challenge the position of the dollar, and hence this may be the most important 

event in the history since the dollar took over from the pound the role of 

dominant currency in World War 1”  

                                           (Mundell, 1998) 

 

Bergsten (1997b) further argued that the creation of the euro would produce a sharp 

reduction, and perhaps eventual elimination, of the then existing gap in international 

monetary roles between USA and Europe. In terms of global FX reserves and finance, 

Bergsten (1997b) predicted that the dollar and the euro were each likely to reach about 40 

percent share, with the remaining 20 percent distributed amongst the yen, Swiss Franc 

and a few minor currencies.  
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In forecasting the potential role of the euro as leading currency, Bergsten (1997b) based 

his optimistic prediction on, firstly, the relative size of the unified European economy 

from the pre euro period, and secondly, the relative importance of its global trade during 

the period.  These two criteria, as argued by Bergsten (1997b), are particularly salient.  A 

large economy has a naturally large base for its currency and thus possesses important 

economies of scale and scope.  On the other hand, a large volume of trade would give a 

country’s firms considerable leverage to finance in their own currency.   

 

Comparing these two structural criteria, there is no doubt that, the economic size of the 

eurozone would be slightly larger than that of the USA, should all of the countries of the 

EU adapt the euro.  Using the statistical figures for 1996, for example, the GDP of the EU 

was 8.4 trillion US dollar.  Its global trade flows (exports and imports) was 1.9 trillion 

US dollar.  By contrast, the GDP of the US economy in 1996 was 7.2 trillion US dollar 

and its trade was 1.7 trillion US dollar (Bergsten, 1997b).     

 

However, this view is based on the assumption that the euro will be accepted as the single 

currency for the whole of Europe.  As discussed in Section 3.2.2, such unification is still 

far from complete.  The current eurozone does not cover all EU nations, where UK is also 

still not included.  As shown in Figure 3.3, the combined economic size of the eurozone 

is still in fact considerably smaller than the US economy.   
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In addition, Bergsten (1997b) compared the strength and stability of the EU economy to 

that of the USA, as a criterion to analyze the dominance issue of the euro over the dollar 

as reserve currency.  In this case, Bergsten (1997b) states that there is obviously no risk 

of hyperinflation or any of the other extreme instabilities that could disqualify euro from 

international status.   

 

By contrast, Bergsten (1997b) claims that the external position of the USA arguably 

continues to pose doubts about the future stability and value of the US dollar.  USA has 

persistently run current account deficits for at least the last fifteen years.  In 2004, its net 

foreign debt reached $2.4 trillion and is rising annually by 15 to 20% (Kouparitsas, 

2004).  The EU on the other hand, has a roughly balanced international asset position and 

has run modest surpluses in its international accounts in recent years.  All in all, on this 

important criterion, Bergsten (1997b) concludes that the future of the euro may in fact 

brighter than the dollar as EU is decidedly superior to USA in terms of its strength and 

stability.     

 

 

3.3.3 Pessimistic Views on the Dominance of the Euro 

 

Whilst Bergsten (1997a,b) and Mundell (1998) have expressed confidence in the 

potential dominance of the euro, other economists including Benassy-Quere (1996), 

Eichengreen (1998), Chinn and Frankel (2005), and Masson (2007) have been rather 
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pessimistic on the same issue.  Eichengreen (1998), for example, argued that historical, 

institutional and econometric evidence seemed to underscore uncertainties as to the 

prospects of the euro as a reserve currency.  

 

Eichengreen (1998) emphasized that over the past 50 years, the US dollar has developed 

a significant incumbency advantage as the principal reserve currency.   It is advantageous 

for the central banks to hold their FX reserves in a currency that is widely used for 

settling international financial transactions. That is, in a currency in which markets are 

liquid and stable.  As a result, this network externality of the US dollar will as a result, 

lend inertia and an element of path dependency to the development of its reserve currency 

status.  To support his argument, Eichengreen (1998) developed and tested an empirical 

model which showed that incumbency advantage of the US dollar is strongly supported.15  

 

In respond to the argument by Bergsten (1997a,b) on the relevance of the relative 

economic and trade sizes of a country to the use of its currency as reserve, Eichengreen 

(1998) ran a regression which analysed the relative importance of the economic sizes and 

the shares of global trade of the US, the UK and the Japanese economies, in determining 

the use of their currencies as FX reserves.  His findings suggested that the coefficients on 

the US variables had comparatively more significance than those of the other two 

countries.  As a result, Eichengreen (1998) was further convinced of his argument that the 

US dollar will continue to maintain its dominant status.  In terms of institutional 

considerations, Eichengreen (1998) was also pessimistic about the future of the euro due 

                                                 
15  See discussion in Section 4.3.2. 
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to drawbacks in the Masstricht Treaty, which does not foresee the need for the ECB to 

engage in day-to-day liquidity management or to serve the role as lender of last resort.  

Eichengreen (1998) argued that, this will, as a result, slow the development of the 

eurozone as an international financial center and, by implication, limit the role of the euro 

as reserve currency.  

 

Based on the evidence available one year after the euro was introduced in 1999, 

Eichengreen stated in a speech at the “First Year of Euro” symposium that: 

  

“ …  The euro has not overtaken or pulled abreast of the dollar as an 

international currency.           Predictions of a large scale of international reserves  

from dollars to euros have not been borne out as far as we can tell.  Exchange 

rate volatility has not been high by historical standards.  And, of course, the euro 

has been weak rather than strong against the dollar through its first year.”  

      (Eichengreen, 2000) 

 

Perhaps the most extensive analysis of whether the euro will surpass the dollar as the 

leading reserve currency was conducted by Chinn and Frankel (2005).  Being a more 

recent study, their analysis included data from the post euro era, that is, from 1999 to 

2004.  Chinn and Frankel (2005) developed a regression model which established that 

there are four significant factors which would determine the relative holdings of a 

currency as reserve.  The four factors include the size and the inflation rate of the 
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currency country, the exchange rate variability of the currency, and the size of the 

relevant financial center as measured by the turnover in its foreign exchange market.16   

 

The results of the model led Chinn and Frankel (2005) to conclude that whether the euro 

might in the future rival or surpass the dollar as the world’s leading international reserve 

currency appeared to depend on two points:  first, whether or not the United Kingdom 

and enough other EU members join the eurozone so that it truly becomes larger than the 

US economy; second, whether or not the macroeconomic policy of the US eventually 

undermines confidence in the value of the dollar in the form of inflation and depreciation.         

 

Based on the results of the extrapolation and simulation of the model, Chinn and Frankel 

(2005) stated that if all 13 EU members not currently in the eurozone join the block by 

2002, including UK, the euro may then possibly overtake the dollar a few years later.  

Moreover, the authors also argued that the tipping point from the dollar to the euro would 

only happen sooner only if a continuation of the recent trend depreciation of the dollar 

were to continue to occur.  

 

 

3.4 CONCLUSION   

 

This chapter firstly outlines the history and role of the euro.  In addition, it reviews the 

literature on the two different opposing viewpoints that have been expressed in the debate 

                                                 
16  A more through review of the analysis of determinants of reserve currency by Chinn and Frankel (2005) 
can be found in Section 4.3.3. 
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about the potential rivalry between the euro and the US dollar as primary reserve 

currency.   The information will be useful in the preparation of the empirical analysis of 

currency composition of FX reserves in the post euro period in the following chapter.   

 

The euro is now used by 15 member countries of the EMU.  The euro was first launched 

on 1 January 1999 when a single monetary policy was also introduced for these countries 

under the authority of the ECB. Since its creation, the value of the euro against the US 

dollar has fluctuated widely. 

 

There have been two opposing predictions about the likelihood that the euro will surpass 

the US dollar as the principal reserve currency.  Economists like Bergsten (1997a,b) and 

Mundell (1998) have argued that the creation of the EMU and the euro would produce a 

strong currency that would significantly challenge the dollar for global supremacy.  Their 

arguments were based on the significance of the economic size of the eurozone and the 

increasing importance of trade between the zone with the rest of the world.  

 

Other economists including Benassy-Quere (1996), Eichengreen (1998), and Chinn and 

Frankel (2005), however, have been rather pessimistic on the issue.  Eichengreen (1998), 

for example, argued that available historical, institutional and econometric evidence 

seemed to underscore uncertainties as to the prospects of the euro as a reserve currency.  

Chinn and Frankel (2005) similarly argued that the likelihood of the euro to surpass the 

dollar will strongly depend on, (1) whether or not the UK and enough other EU members 

join the eurozone so that it truly becomes larger than the US economy; and (2) whether or 
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not the macroeconomic policy of the US eventually undermines confidence in the value 

of the dollar in the form of inflation and depreciation.         

 

The next chapter will undertake the first of the empirical estimations of the transaction 

theory on the grouped data for the developed nations and the developing nations. 
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CHAPTER 4 

 Currency Composition of Foreign Exchange Reserves;  

Evidence from Developed and Developing Countries 

 
 
 
 
4.1  INTRODUCTION 

 

This chapter provides an econometric estimation¸ based on transaction theory, of the 

determinants of the currency composition of FX reserves for three different groups of 

nations, a single “world group”, and two sub-groups, “developed countries” and 

“developing countries” group.  The estimation uses annual data on aggregate holdings of 

reserve currency shares for each group for the period from 1980 to 2005.   

 

The results obtained will provide evidence on the relevance of the transaction theory 

itself, and of the various factors which the theory suggests may help to explain the 

management of reserve currencies.  The choice of these factors will be discussed in 

Sections 4.2 and 4.3.  Section 4.4 of the chapter will first discuss developments in the 

management of currency composition of reserves following the introduction of the euro 

in 1999.  The section will then compare the results of the empirical estimations for the 

world group, and for the developed and developing countries, which will give insights 

into the similarities and differences between the two groups of nations in managing their 

portfolios of reserve currencies, as well as in their attitudes toward the euro.  This section 

will also attempt to shed some light on the issue of which of the two competing 



 80

currencies, the euro or the US dollar is likely to be more dominant in future periods.  

Finally, in Section 4.5, a summary of the key points of the chapter will be presented.  

 

 

4.2 MODELLING THE CURRENCY COMPOSITION OF FOREIGN 

EXCHANGE RESERVES 

 

4.2.1  Overview 

 

The literature on the determinants of reserve currency status is fairly well established but 

often “lacking in quantification” (Chinn and Frankel, 2005).  Section 4.3 will help to fill 

this gap in the literature by using econometric techniques to ascertain the determinants of 

international reserve currency shares for annual data from the period 1980 to 2005.  

Using data for groups of countries is particularly useful for this purpose as the aggregate 

data includes the reserve assets of all relevant countries.17       

 

This section will first revisit the different factors suggested by the transaction theory 

literature that have been used to analyze the currency composition of FX reserves in the 

past.  The two most relevant papers that will be discussed here are those by Eichengreen 

(1998) and Chinn and Frankel (2005).18  These two papers suggest that, the factors that 

are most important in the determination of the currency composition of reserves include 

                                                 
17  Data on the reserve currency composition of assets for most included countries is not readily available 
on an individual basis for confidentiality reasons.  See Chapter 5 for a discussion of the reserve currency 
composition for one individual country, Australia.  
 
18  The studies by Eichengreen (1998) and Chinn and Frankel (2005) are particularly relevant to this chapter 
as both also use group data.  
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the patterns of output and trade of the currency country, the size of the financial market in 

the currency country, the level of confidence in the value of the reserve currency, and the 

existence of network externalities. 

 

 

4.2.2 Transaction Factors that Influence the Currency Composition of Foreign 

Exchange Reserves 

 

The transaction theory literature has identified a number of important factors which may 

influence the currency composition of FX reserves.19  These factors, which are based on 

historical, institutional, statistical and empirical evidence, include: 

 

Size and Growth of the Economy of the Currency Country  

It is a natural advantage for a currency in terms of international status if the currency 

country has a large share in international output.  In other words, as the economy of a 

currency country grows larger, its currency should increase in significance as reserve 

currency for other countries.  Empirical studies such as those by Eichengreen (1998) and 

Chinn and Frankel (2005) have confirmed the relevance of this factor.20  

 

As discussed in Chapter 3, the US economy is still currently the world’s largest in terms 

of output.  If the eurozone did not exist, Japan would be second followed by Germany.  

                                                 
 
19  Eichengreen (1998) for example provides detailed discussion on the history of reserve currencies since 
the dominance of the sterling in the 1980s.  See also Section 2.4 for a general discussion of the transaction 
theory of FX reserves. 
 
20  Section 4.3 will discuss the existing empirical evidence for all these factors in greater detail.  
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With the eurozone now being a home to fifteen EMU member countries, the combined 

economic weight of the zone is now larger than either Germany or Japan, but still not 

quite as large as the US economy.  In fact, its size would only be equivalent to USA if 

three other important EU members – UK, Sweden and Denmark, joined the eurozone.   

Based on this consideration, Chinn and Frankel (2005) emphasized that the answer to the 

question of whether or not the euro will overtake the dominance of the dollar is likely to 

depend on the growth rates of the US economy and of the eurozone.   

 

Trading Volume of Currency Country 

As an alternative to GDP, the trading volume of a country is another indication of its 

relative weight in the world economy.  As a currency country increases its trade volume 

with the rest of the world, other nations will have a tendency to hold more of that 

country’s currency as their reserves for trade payment purposes.  The usefulness of trade 

as an explanatory variable in explaining reserve currency shares has been verified in a 

number of empirical studies including Heller and Knight (1978a,b), Dooley et al. (1986) 

and Eichengreen (1988). 

 

The relevance of this argument however may be questioned as the US dollar continues to 

posses an incumbency advantage, as it is already the most internationally well-accepted 

currency for trading purposes.  This is to say exporters in countries other than the US are 

more than willing to be paid in US dollars as an alternative to their home currency.  If the 

incumbency effect is important, the relationship between trading size and reserve 

holdings would be most significant for the dollar, but would be less applicable for other 
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currencies.  As discussed in Chapter 3, in terms of the share of global exports, US exports 

are still currently larger than the combined size of the eurozone exports.   

 

Development of the Financial Market in the Currency Country 

For one currency to obtain international status, it is important that capital and money 

markets in the home country are open, free from intervention, and well developed, that is, 

it handles a large number and range of transactions.  On this basis, it can be argued that 

the US dollar has more advantage than the euro given that the ‘Wall Street’ financial 

market in New York is far more developed than its counterpart in  

Frankfurt, which is the main financial centre in the eurozone.21  Chinn and Frankel (2005) 

add that a strong central bank and large financial sector is also desirable to 

counterbalance the impacts of political influence and fluctuations in the trade sector on 

the development of the financial market.   

 

Confidence in the Value of the Currency 

One important function of money is as a store of wealth.  This in fact is the foundation 

used by proponents of the mean-variance theory to explain the motivation of central 

banks in keeping reserve currencies.22  Thus, it is critical for investors or central banks to 

have confidence that the value of the currency will be stable and that it will not be subject 

to inflation in the future.   

                                                 
21  Historical evidence shows that the dominance of the pound sterling during its era was also a product of 
the well developed financial market in London at that time (see for example, Eichengreen, 2005). 
 
22  Details of the mean-variance theory of currency composition of FX reserves were discussed in Section 
2.2.  
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The dominance of the US dollar in the 1990s was indeed largely attributable to the good 

US inflation performance in the 1990s. This dominance however may not continue now 

that the US has a very large level of foreign debt.  In this case, Chinn and Frankel (2005) 

state that even if the Federal Reserve never succumbs to the temptations or pressure to 

inflate away the US debt, the continuing US current account deficit is always a possible 

source of depreciation of the dollar.23 

 

Network Externalities and Incumbency Advantage 

An international currency often derives its value and is able to maintain its dominance 

simply because most others are using it.  Eichengreen (1998) states that in this case it 

pays for central banks to hold their FX reserves in a currency that is widely used for 

settling international financial transactions, that is in a currency in which markets are 

stable and liquid.  It also follows that it will pay for them to hold their reserves in the 

same currencies held by other international investors.   This concept is referred to as a 

network externality.  It is argued that this externality contributes to lending inertia and 

elements of path dependency, which eventually results in the development of an 

incumbency advantage for the reserve currencies currently in use.  As discussed 

previously, the incumbency advantage is particularly relevant to the US dollar, because of 

its past history as the dominant currency for reserve assets and its use as the major 

international trading currency. 

 

                                                 
23  During the Asian Crisis in the late 1990s, very large foreign debt and current account deficits were 
blamed as the main reasons for the lost of confidence in the economic systems of the affected Asian 
countries, which resulted in the lost of value of their currencies.  
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In summary, five variables, which include growth in the economic size and trade volume 

of the currency country, the level of development of the financial market of the currency 

country, as well as confidence in, and incumbency advantage of, a reserve currency have 

been highlighted as potentially playing important roles in the determination of the 

currency composition of FX reserve holdings.  These variables are also particularly 

useful in undertaking an empirical study on groups of countries, as data on these 

variables is readily available on an aggregate basis.24  

 

 

 

4.3  RESULTS AND METHODOLOGIES OF PREVIOUS EMPIRICAL STUDIES 

 

4.3.1  Overview 

 

The two most relevant studies that will be referred to extensively in developing the 

empirical model for grouped data are the studies by Eichengreen (1998) the Chinn and 

Frankel (2005).  This section will discuss in detail the aims, data, methodologies and 

empirical findings of these two papers.  Comparisons between the findings to those of 

Eichengreen (1998), and Chinn and Frankel (2005), and those found here, form an 

important part of the analysis in Section 4.4.  

 

                                                 
24  As discussed in Chapter 2, other variables including the roles of a reserve currency as an anchor in 
pegged exchange rate regimes and as an invoicing currency in international trade have also been found to 
be important in explaining holdings of reserve currencies in individual countries.  Data on these variables 
however are only available for a few individual countries, as opposed to the grouped data which includes 
the reserve assets of all relevant countries.  See Chapter 5 for further exploration on the roles of these 
variables in the reserve currency holding of an individual country, Australia. 
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4.3.2  Eichengreen (1998)   

 

The primary aim of the Eichengreen (1998) study was to examine the expected impact of 

the newly introduced euro on the management of currency composition of reserves by 

central banking authorities globally.  Eichengreen (1998) used several transaction factors 

for explaining international reserve currency share in his model, which included 

economic size, trading volume and incumbency advantage.  The estimation used IMF 

annual data on global holdings of reserve currencies during the period 1971 to 1995. 

 

 More specifically, in his model Eichengreen (1998) argued that the global holdings of 

the three most dominant reserve currencies in that period (US dollars, pound sterling and 

yen) are determined by three important factors, firstly the share of each currency country 

in global GDP, secondly the share of each currency country in global exports, and thirdly 

the development of the incumbency advantage of each reserve currency as specified in 

the equation below: 

 

tititititi YBAY ,1,3,2,10,                           (4.1)  

where Yi,t is the share of each currency in global FX reserves, 

          Ai,t is the share of global GDP of each currency country, 

          and Bi,t is the share of global exports of each currency country. 

 

The choice of the relative economic and trade volume as explanatory variables was an 

attempt by Eichengreen (1998) to provide evidence on whether or not the combined 

economic size and international trade volume of the unified European countries zone 
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(which may potentially be larger than those of the US) was likely to result in the euro 

surpassing the position of the dollar as the leading reserve currency.  On the other hand, 

the inclusion of the lagged reserve share (Yi,t-1)  as an independent variable was designed 

to capture the effect of incumbency advantage which appeared to have played a 

significant role in influencing central banks to hold certain currencies, that is, currencies 

which had been predominantly used in the previous periods.  

 

The results of Eichengreen’s (1998) estimation are presented in Table 4.1.  Columns 1 to 

3 of the table report the impact of economic size of a country on reserve holdings of its 

currency, excluding the trade and the lagged dependent variables.  They showed that the 

average coefficients on share of global output for the US, Japan and UK, were 

approximately equal to five, which suggests that a one percentage point increase in a 

country’s share of global GDP leads to a five percentage point increase in its currency’s 

share of global reserves.  However, with the addition of a lagged dependent variable, as 

displayed in columns 4 to 6, the impact effect of country size is considerably reduced, 

from about half its previous size for the US, to less than a fifth of that size for Japan and 

to essentially zero for the UK. 

 

The results of the complete model, which includes GDP shares, trade shares and lagged 

effects, are reported in columns 7 to 9 in Table 4.1.  The coefficients for the country size 

account for around 2.0 for US, -0.8 for UK and 0.8 for Japan.  The coefficients of the 

lagged reserve share were found to be consistently significant and recorded as 0.86, 0.81 

and 0.69 for the three currencies respectively.  These coefficients are quite close to one, 
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which was seen showed as a powerful testimony to the influence of history in general and 

more specifically incumbency advantage.  In terms of the significance of trade, 

Eichengreen (1998) found that US trade with the rest of the world was regarded as being 

a more important consideration for the central banks in keeping the US dollar as reserve 

as compared to Japan or the UK (the trade share coefficient of US equals to 2.7, whilst 

Japan’s only accounts for 0.47).     

 

Table 4.1: Global Composition of Reserves: Effects of Output, Trade and History (1971-

1995) 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 
Variable US U.K Japan US UK Japan US UK Japan
Constant -81.21 -10.7 -4.54 37.21 3.98 -5.08 -66.81 3.38 -8.03 

 (26.75) (3.19) (4.84) (15.49) (1.74) (5.43) (20.49) (2.14) (5.35) 

Output Share 6.19 3.58 6.21 2.39 -1 0.725 1.87 -0.79 0.76 

 (1.15) (0.84) (0.60) (0.78) (0.50) (0.72) (0.76) (0.54) (0.68) 

Trade Share       2.66 -0.02 0.47 

       (1.36) (0.30) (0.24) 

Lagged reserve share    0.71 0.85 0.84 0.86 0.81 0.69 

    (0.09) (0.06) (0.10) (0.11) (0.07) (0.12) 
          

N 25 25 25 25 25 24 25 25 24 

R2 0.49 0.47 0.8 0.83 0.92 0.94 0.86 0.92 0.95 

S.E. reg. 7.51 1.59 1.28 4.37 0.64 0.68 4.06 0.65 0.66 
 
Notes: Standard errors in parentheses.  Equation estimated using the SUR method. 
Source: Eichengreen (1998)   
 
 
 
Based on the strong coefficients of the GDP and the trade shares of the US, and the 

significance of the lagged effect which pinpointed the importance of incumbency 

advantage, particularly in the case of the US dollar, Eichengreen (1998) concluded that it 

was open to doubt to suggest that the US dollar would lose its status as the leading 

reserve currency to other currencies (including the euro).   
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Whilst the Eichengreen (1998) study provides a useful verification of whether or not the 

dollar will remain as leading currency, it could be argued that the study is constrained by 

its time period, which does not allow any incorporation of the euro into the model.  In the 

study, Eichengreen (1998) also did not report any results of the residual tests, which may 

have raised some concerns on the validity of his estimations.  

 

 

4.3.3  Chinn and Frankel (2005)  

 

Chinn and Frankel (2005) conducted a similar study that was designed to analyse the 

possibility of whether or not the euro would eventually surpass the dollar as the leading 

international reserve currency.   Like Eichengreen (1998), the empirical estimation in 

Chinn and Frankel (2005) used IMF annual data on global aggregate central bank 

holdings of a number of relevant reserve currencies including US dollars, yen and pound 

sterling.  In comparison to the Eichengreen (1998) study, which utilised data from the 

periods 1971 to 1995, Chinn and Frankel (2005) used data from the time period 1973 to 

1998.   

 

In their estimation, Chinn and Frankel (2005) used five independent variables as possible 

determinants in explaining the currency composition of reserves.  These variables 

consisted of the global share of GDP of the currency countries, the inflation rate of the 

currency countries, the exchange rate volatility of the reserve currencies, the FX turnover 
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of the reserve currencies and the incumbency advantage of reserve currencies.25  In 

contrast to Eichengreen (1998) who applied the SUR methodology to separate equations 

for each of the three dominant currencies, Chinn and Frankel (2005) ran their estimation 

as a panel regression.  In the study, they also emphasised that the functional form of the 

regression can not literally be linear as currency shares are bounded in the range of zero 

to one, and not all of the independent variables are similarly constrained.  In dealing with 

this issue, it was suggested that a logistic transformation of the currency shares variable 

should be used as the dependent variable.26              

 

Table 4.2 reports the results of the estimations by Chinn and Frankel (2005) which used 

logistic transformations to reflect the inherent nonlinearity of the problem. The authors 

suggested that, judging by the number of statistically significant coefficients, the logistic 

specification was arguably a more successful functional form.  Column 1 indicates that 

income share is positively and significantly related to reserve share.  On the other hand, 

inflation and exchange rate are found to have negative relationships with reserve share, 

but of these two independent variables, only inflation is found to have a significant 

relationship with reserve share.  In Column 4, FX turnover ratio and an indicator variable 

for the leader country are included in the estimation as additional independent variables.   

In this estimation, four variables (income share, inflation differential, exchange rate 

                                                 
25  Inflation was calculated as the log difference of monthly Consumer Price Index (CPI) averaged as yearly 
data.  Exchange rate volatility was calculated as the standard deviation of the log first difference of the 
Special Drawing Rights (SDR) exchange rate.  FX turnover of the reserve currencies was calculated by 
utilising turnover in the month of April of the different currencies during the relevant years.  Like 
Eichengreen (1998), incumbency advantage was measured using lagged share of reserve currencies (Yt-1).  
 
26  Logistic transformation of currency shares = log(share/(1-share)).  The logistic transformation of the 
share is symmetric and has a maximal slope at share equal to 0.50.  Chinn and Frankel (2005) argued that 
straight line seemed to fit the scatter plots of the logistic of share against GDP size variables much more 
comfortably as compared to the original share data.  They concluded that this evidence showed that the 
logistic transformation was a better choice of functional form for the regression.  



 91

volatility and FX turnover ratio) are found to be significant and to have relationships with 

reserve share in the directions anticipated.  

 

Results in Columns 5 to 7 report specifications where the inflation variable is replaced by 

a long depreciation trend.  In neither case is this variable statistically significant and 

indeed, very few variables appear significant in these cases.  Like Eichengreen (1998), 

Chinn and Frankel (2005) found that the coefficient on the lagged endogenous variable is 

around 0.88, which suggests that incumbency advantage plays an important role in the 

reserve currency management.27  

 

Table 4.2: Panel Regression on Logit Transformation of Shares, Pre Euro Period (1973-

1998) 

Dependent variable: Logit formulation of currency shares       
  (1) (2) (3) (4) (5) (6) (7) 

Constant -0.506* -0.648* -0.497* -0.674* -0.488* -0.487* -0.117* 

  (0.123) (0.154) (0.124) (0.154) (0.138) (0.138) (0.061) 

GDP ratio 2.285* 2.768* 2.735* 3.69* 2.215* 2.775* 1.04* 

  (0.564) (0.643) (0.781) (0.923) (0.616) (0.854) (0.288) 

Inflation diff  -1.565* -2.639* -1.512* -2.86*     

  (0.927) (1.156) (0.93) (1.164)     

Depreciation     -1.079 -0.92 -1.095* 

      (1.294) (1.306) (0.594) 

Ex rate var -0.445 -0.981* -0.594 -1.395* -0.583 -0.798 -1.251* 

  (0.457) (0.573) (0.491) (0.644) (0.581) (0.624) (0.341) 

FX turnover ratio  0.446  0.576* 0.208 0.252 0.427 

   (0.289)  (0.303) (0.302) (0.305) (0.145) 

GDPleader   -0.125 -0.127  -0.15   

    (0.150) (0.156)  (0.159)   

laglog(sht-1/1-sht-1) 0.879* 0.851* 0.82* 0.846* 0.881* 0.882* 0.957* 

  (0.025) (0.031) (0.025) (0.031) (0.029) (0.029) (0.014) 

n 182 182 182 182 182 182 156 

Adj R2 0.97 0.97 0.97 0.97 0.97 0.97 0.99 
 
Notes: Dependent variable log(sh/1-sh)) estimated using OLS.   All variables are in decimal forms. 
           * indicates that variables are significant at the 10% level.  Columns 7 omits Japanese Yen. 
Source: Chinn and Frankel (2005) 
                                                 
27  The lagged endogenous coefficient of 0.88 means that around 12% of the adjustment to the long run 
holding of reserve share is expected to occur in a single year.  
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Chinn and Frankel (2005) used the coefficients found in their logistic estimations, to 

evaluate the likelihood that the euro will surpass the dollar as the leading reserve 

currency.  The authors concluded that the euro will become the dominant reserve 

currency will mainly depend on two things: (1) whether enough other EU members join 

the eurozone so that it becomes larger than the US economy and, in particular, whether 

the UK with its large financial market comes in; and (2) whether US macroeconomic 

policies eventually undermine confidence in the value of the dollar through inflation and 

depreciation.     

 

 

4.4 POST EURO ANALYSES OF THE CURRENCY COMPOSITION OF 

FOREIGN EXCHANGE RESERVES: EVIDENCE FROM DEVELOPED AND 

DEVELOPING COUNTRIES 

 

4.4.1 Overview 

 

This section utilizes and develops the models used by Eichengreen (1998) and Chinn and 

Frankel (2005) to analyze the currency composition of FX reserves for three groups of 

nations – the “world group”, and the two sub groups of the “developed countries” group 

and the “developing countries” group between for period 1980 to 2005.  In doing so, the 

estimations will extend the previous research to more differentiated groups of countries, 

using an updated data set which now includes the post euro era. 
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The analysis is intended to serve three purposes:  (1) to verify the relevance of the 

transaction theory and of various factors suggested by the theory in explaining the 

management of reserve currencies for the latest available period, (2) to identify keynote 

similarities and differences between the two sub-groups of nations both generally in 

managing their portfolios of reserve currencies and in their attitudes towards the euro, (3) 

to highlight any changes in the management of the currency composition of reserves 

following the introduction of the euro in 1999.  The combined answers to these questions 

will also help to shed some light on which of the two competing currencies, the euro or 

the US dollar, is likely to be more dominant in the future for all three groups. 

 

 

4.4.2 The Currency Composition of Foreign Exchange Reserves (1980-2005) 

 

Data on the composition of FX reserves for the global, developed and developing 

countries groups between the periods 1980 to 2005 show that the US dollar has 

continually maintained its position as the dominant reserve currency (see Figure 4.1).  In 

terms of the global holding, approximately 63.1% of the world foreign exchange reserves 

on average were held in US dollars.  Developed and developing nations respectively held 

an average of 63.2% and 64.1% of their reserves as US dollars.  In comparison, the 

second most dominant currency is the euro, which in 1999 replaced deutschemark and 

other EMU currencies.  From 1980 to 2005, the euro (or the combined pre euro 

currencies) accounts for an average of 17.8%, 18.1% and 16.9% of the global reserves 

and the reserve holdings of the developed and developing groups respectively. 
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Figure 4.1: Global Currency Composition of Foreign Exchange Reserves (1980-2005) 
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Source: IMF Annual Reports (2001-2006) 

 

Whilst the US dollar still managed to maintain its dominance as the leading reserve 

currency during the period, the gradual movement of the holdings of the US dollar in 

relation to the holdings of the euro deserves closer attention.  Developed countries 

decreased their holdings of the US dollars from 1980 to 1989, but gradually increased 

them again from 1989 to 1999.  Since 1999 however, the holdings of US dollars have 

started to fluctuate slightly (see Figure 4.2).  For developing countries, the trend is quite 

different. Their holdings of US dollars continued to fluctuate up to 1999.   Since then 

their holdings of US dollars have gradually declined (see Figure 4.3). 
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Figure 4.2: Currency Composition of Foreign Exchange Reserves of Developed 

Countries Group (1980-2005) 
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Figure 4.3: Currency Composition of Foreign Exchange Reserves of Developing 

Countries Group (1980-2005) 
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The euro, in its initial use in 1999, accounted for a 16.1% share of the reserve of 

developed nations (see Figure 4.2). This share is slightly higher than the combined share 

of the individual eurozone currencies in the pre euro era. The slight increase is not 
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consistent with some predictions which argued that a decline in the holdings of the euro 

from its predecessors was to be expected.28  Furthermore, since 1999 the euro gradually 

increased its share as the US dollar share started to move in the opposite direction.  In 

2002, the euro reached its highest point as currency reserve amongst the developed 

countries with 22.4% share of the group reserve held in the currency.  Since then 

however, the share of the euro has decreased slightly.  

 

In the case of developing nations, comparing the euro share in 1999 with the combined 

share of the eurozone currencies in the previous years shows a similar result (see Figure 

4.3).  In 1999, the euro accounted for 19.9% share, only a small increase on the 16.8% 

share for the pre euro currencies.  But the euro shares held by the developing countries 

group have increased significantly since then.  By 2005, the euro share accounted for 

28.8% of the developing nations’ holdings.     

 

All in all, evidence analysed in this section shows that although the dollar still maintains 

its dominance as the leading reserve currency, it could be argued that there seems to be 

some tendency for the central bankers, especially in the developing countries, to switch 

their reserve holdings from the US dollar to the euro in the post euro period.  In the case 

of developing nations group particularly, the increase has been quite large.  

 

                                                 
28  With monetary unification, those who hold currencies for trade and balance of payment related reasons 
would no longer have a reason to regard trade and payments within the zone as relevant (Eichengreen 1998, 
p. 499). In other words, the Germans would no longer need to hold the franc as their reserve; vice versa the 
French would no longer need to hold the deutsche mark as their reserve. As most of the countries which 
joined the euro zone were developed countries, a prediction was made that the decline in the holdings of the 
euro from its predecessors would be more evident in this group of nations. 
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4.4.3 Data and Methodology 

 
In order to achieve the objectives outlined in Section 4.1, this section will estimate a 

model based on those used by Eichengreen (1998) and Chinn and Frankel (2005).  The 

model will estimate the relationship between the FX reserve holdings of the relevant 

group with variables representing the relative economic size of each currency country, 

the relative trading volume of each currency country, confidence in the ability of the 

currency to hold its value relative to the home currency and the significance of the 

incumbency advantage of each currency.  More formally, the model can be represented as 

equation 4.2 below: 

 

Yit = 0  +  1 Ait  + 2 Bit  +  3Cit  +  4 Y i(t-1)  + it ;                        i=1,…,N ;     t=1,…,T     (4.2) 

 

where Yit  =  the share of each currency i in FX reserves of the group, 

Ait =  the share of global GDP of each currency country i, 

Bit  =  the share of global exports of each currency country i, 

and Cit = the inflation rate differential of each currency country i relative to 

average global or grouped countries inflation.  

 

The inclusion of the independent variables in the model is designed to capture four 

important arguments underlined by the transaction theory as summarised in Section 

4.2.2.  First, as the economy of a currency country grows larger, its currency should 

increase in significance as reserve currency for other countries.  Second, as a currency 

country increases its trade volume with the rest of the world, other nations will have a 
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tendency to hold more of the country’s currency as their reserves for trade payment 

purposes.  Third, when the value of one currency is not subject to inflation, central 

bankers would have more confidence in the currency and therefore would hold more of 

the currency as reserve. Last but not least, the inclusion of the lag of reserve share is 

useful to infer the importance of the incumbency advantage factor as a basis to hold more 

of a certain currency as reserve.29 

 

However the linear functional form shown in equation 4.2 may be less appropriate as 

currency shares are bounded in the range zero to one, whilst not all of the independent 

variables are constrained in the same way.  In taking this constraint into account, the 

estimation will use a similar approach to that taken by Chinn and Frankel (2005).   This is 

to say that the model will also be estimated with the implementation of the logistic 

transformation in the shares variable.   Equation 4.3 below defines the model in its 

logistic transformation functional form.   

 

Logit Yit = 0  +  1 Ait  + 2 Bit  +  3Cit  +  4 Logit Yi(t-1)  + it ;      i=1,…,N ;     t=1,…,T     (4.3) 

 

where Logit Yit  =  the log (sharet/1-sharet) of each currency i in FX reserves of the group, 

            Ait =  the share of global GDP of each currency country i, 

            Bit =  the share of global exports of each currency country i, 

                                                 
29 Other possible independent variables including exchange rate variability, currency value depreciation and 
FX turnover are not included in the estimation since these variables are found to be insignificant in the 
Chinn and Frankel (2005) study which also used group data. 
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            and Cit = the inflation rate differential of each currency country i relative to 

average global or grouped countries inflation.  

 

The model is estimated for the shares of four relevant reserve currencies, the US dollar, 

the euro (or the different currencies that were used instead of the euro prior to 1999), the 

yen and the pound sterling, for three groups of nations – the world group, the developed 

countries group and the developing countries group. The estimation uses annual data 

from the period 1980 to 2005.  Currency composition of reserves data was obtained from 

the IMF Annual reports for the years 2001 to 2006. Data for the independent variables 

were obtained from the IMF World Economic Outlook Database.   

 

All of the estimations use the sum of reserve shares of the deutsche mark, the French 

franc, the Swiss franc and the Netherlands guilder as proxy for the euro reserve share for 

the period prior to 1999.30  The share of the combined currencies share before 1999 was 

in fact relatively consistent with the share of the euro after 1999 (see Figure 4.1).  The 

use of these currencies as the proxy for the euro prior to 1999 is reasonable as these 

currencies were widely accepted for trade payments or to facilitate international 

transactions to and from the euro zone during the pre-euro period.   

 

                                                 
30  Other currencies in the EMU were not included as data is not available individually for these 
currencies.  This should not be of concern as their combined shares of reserve currencies are very small.   
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The method of regression utilised for the estimation of the model is the SUR method.31  

The SUR method is appropriate as an equation for one reserve currency is not entirely 

independent of other equations which represent other currencies.  This is to say that a 

decision made by central banks to increase their US dollars share of reserve holdings, for 

example, would effectively mean that the holding shares of other currencies would be 

reduced.  

 

Four different system regressions for each group of countries were run. Each system 

consists of three regressions on the determinants of the holdings of three reserve 

currencies with a different currency omitted from the system on each occasion.  This 

approach is implemented as estimating the shares of the four currencies at the same time 

would violate the “adding up” constraints on the coefficients.   

 

Results of the estimations of the two models will be discussed in the subsequent Section 

4.4.4. Kwiatowski, Phillips, Schmidt & Shin (KPSS) tests (1992) for stationarity were 

initially performed to ensure that the estimation results were not spurious.  The tests 

indicated that all variables were stationary.  The results are shown in Appendix A.           

A number of other diagnostic tests including tests for multicollinearity and serial 

correlation were also performed.  Appendix B shows the correlation matrices between 

each of the independent variables.  Correlation coefficients between all pairs of the 

exogenous variables are mostly lower than │0.8│, indicating that the estimations are free 

                                                 
31  SUR method estimates a set of equation that has contemporaneous cross equation error correlation. See 
for example White at al. (1991) and Whistler et al. (2001) for further explanation of the SUR method. 
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from multicollinearity.32  Appendix C reports the results of the Durbin h test for serial 

correlation for each linear and logistic estimation on the currency shares.  The Durbin h 

test indicates that the residuals for the estimations are free from serial correlation, except 

for the US dollar estimation for the developing countries group, However, when the 

inflation differential variable is dropped, the Durbin h test indicates that serial correlation 

no longer exists in both linear and logistic estimations of the holdings of the dollar in the 

developing countries groups (see Section 4.4.4.2 for further discussion of this issue). 

 

 

4.4.4 Results of the Estimation 

 

As discussed in section 4.4.1, the analysis is designed to serve three key purposes:   

(1) to verify the relevance of the transaction theory and of various factors suggested by 

the theory in explaining the management of reserve currencies for the latest available 

period,  

(2) to identify keynote similarities and differences between the two sub-groups of nations 

both generally in managing their portfolios of reserve currencies, and in their attitudes 

towards the euro; 

(3) to highlight any changes in the management of the currency composition of reserves 

following the introduction of the euro in 1999.  

 

                                                 
32  For Japan, it is found that the correlation coefficient between its GDP and trade shares variables is equal 
to 0.86.  This indicates that near multicollinearity may exist between the two variables.  In the presence of 
near multicollinearity however, reliable least squares estimations can still be obtained as the estimators 
arguably are still unbiased and efficient (see Gujarati 1995, p.325) 
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The combined answers to these questions will also help to shed some light on which of 

the two competing currencies, the euro or the US dollar, is likely to be more dominant in 

the future for all three groups.   

 

In order to achieve these aims, evidence obtained from the estimations will be discussed 

and interpreted systematically following the structure of the three queries proposed.  

Results obtained from the logistic estimation will be presented first since this model is 

theoretically more appropriate to the nature of the variables than the linear estimations, as 

discussed in Section 4.4.3. 

 

 

4.4.4.1 How well do the transaction theory factors explain the management of currency 

composition of foreign exchange reserves for the period from 1980-2005?  

 

Table 4.3 presents a summary of all of the system estimations on the total or “world” 

using the logistic transformation for the currency shares variables.  The results confirm 

that two factors, the relative volume of trade of each currency country, and the lagged 

reserve share of each currency country, generally played a significant role in the 

determination of global currency composition of FX reserves in the period 1980 to 2005.  

 

In the cases of the dollar and the yen estimations particularly, the relative volume of the 

US trade and the Japanese trade to the world appear to be significant variables in 

explaining the holdings of their currencies in global reserves.  The positive signs of the 

coefficients are consistent with the argument that as these countries increase their trade 
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volume with the rest of the world, other nations will have a tendency to hold more of the 

country’s currency as their reserves for trade payment purposes.   The sizes of the 

coefficients were found to be similar for the two countries (approximately equal to two), 

showing the comparatively equal importance of the relative trade sizes of US and Japan 

to the holdings of the dollar and the yen in the global reserve.   The euro and the pound 

estimations however indicate that trades between UK and the eurozone to the rest of the 

world were not significant in determining the holdings of their currencies in the global 

reserve. 

    

On the other hand, the coefficients of the lagged reserve shares of the dollar, the yen and 

the euro show that previous holdings of these currencies are important determinants of 

their current holdings in the global reserve.  The sizes of the lagged reserve shares 

coefficients were found to be similar for these three currencies at the level of 

approximately 0.7.  This indicates that 30% of the adjustment to the long run holdings of 

the US dollar, the yen and the euro is estimated to occur in a single year.  The long run 

adjustment coefficient is equal to (1 - short run lagged reserve share coefficient) (Chinn 

and Frankel, 2005).  In terms of the relevance of the transaction theory, this result shows 

the continuing importance of the incumbency advantage as a basis for holdings of a 

particular currency as reserve.  
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Table 4.3: Summary of All Systems Estimations on World Countries Group (1980-2005) 

Logistic functional form used on reserve currencies shares variable 

 

Variable Currency country's Currency country's Inflation differential of Lagged reserve  
 share of world GDP share of world trade currency country  share 

      to the world   
Dollar 
share  Not significant Coefficient approx. Coefficient approx Coefficient approx. 

of reserves in any estimation 1.94 to 1.97 0.41 0.68 to 0.75 

     
R2 approx. 

0.83  significant at 10% level significant at 10% level significant at 5% level 

    in 2 systems estimations  in 1 system estimation 
in all systems 
estimations   

Yen share  Coefficient approx. Coefficient approx. Not significant Coefficient approx. 
of reserves 4.32 2.78 to 2.89 in any estimation 0.67  to  0.73 

     
R2 approx. 

0.89 significant at 10% level significant at 5% level  significant at 5% level 

  in 1 system estimation  in 2 systems estimations   
in all systems 
estimations   

Pound 
share Not significant Not significant Not significant Not significant 

of reserves in any estimation in any estimation in any estimation in any estimation 
 R2 approx. 

0.29       
Euro share  Coefficient approx. Not significant Not significant Coefficient approx. 

of reserves -2.28 to -2.55 in any estimation in any estimation 0.58 to 0.68 
     

R2 approx. 
0.75 significant at 10% level   significant at 5% level

 
in 2 systems 
estimation   

in all systems 
estimations  

 
Notes: Detailed result for each system regression is given in Appendix D.  
Equations estimated by SUR method.  
 

 

By contrast, the logistic estimations suggest that relative GDP sizes and inflation 

differentials of the currency countries to the world group are not significant factors in 

explaining global reserve currencies holdings.  Country’s share of world GDP is 

significant in only one system estimation in the yen equation and two systems 

estimations in the euro equation, but the coefficient on the eurozone GDP was found to 

be negative.  These results are contrary to the underlying theory discussed in Section 
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4.2.2 which argues that there should be a direct relationship between economic growth of 

a country and the holding of its currency as reserve.  Furthermore, the results found on 

the GDP coefficients are also not supportive of the argument put forward by Bergsten 

(1997a,b), which stated that the size of the EMU economy, which is now larger than the 

US economy, may provide the impetus for the euro to overtake the dollar as the leading 

reserve currency.  

 

A similar situation is also observed in the case of the role of the inflation differential.  

The variable is found insignificant in all estimations, with the exception of one system 

estimation for the dollar equation.  The positive sign of the inflation differential 

coefficient is also inconsistent with the theoretical base discussed in Section 4.2.2, which 

argues that a positive inflation differential should be an indicator of a loss of confidence 

in the value of the currency.  The results suggest that this variable may be a poor proxy 

for confidence in the currency value.  The relationship between inflation differentials and 

reserve currency holdings could be interpreted using an alternative explanation.  A 

positive inflation differential, for example, could be perceived as an indicator that one 

economy is growing faster than the other.  Thus, a positive relationship could exist 

between the variable and the confidence in the holding of the currency as reserve. 

 

Estimations on the world countries group data using the linear form on the shares 

variables supported the conclusions which were obtained from the logistic estimations 

(see Table 4.4).  Trade is again found to be an important determinant of the holdings of 

the US dollar and the yen.  Lagged shares variables still appear to be crucial variables in 
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explaining the global holdings of the dollar, the yen and the euro reserve currencies.  As 

before, both the GDP share and the inflation differential variables do not appear to be 

significant factors.  

 

There is another finding that is consistently supported by both the logistic and linear 

estimations.  In both estimations, only a very weak relationship with R2 around 0.30 was 

found between the pound sterling shares of the reserve and all of its regressors. This 

finding suggests that transaction theory may not be very useful in explaining the global 

holdings of the pound as reserve currency.   

 

Overall the high value of the R2 statistic found in both the logistic and the linear 

estimations for the dollar, the yen and the euro equations further confirms that two 

factors of transaction theory in particular, the relative size of trade of each currency 

country and the lagged reserve share of each currency country, do play a major part in 

the management of the composition of global reserves, particularly with respect to the 

three currencies mentioned.   The results, however, may differ between the developed 

and developing sub-groups data.  This question will be dealt with in the discussion in 

Section 4.4.4.2.  
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Table 4.4: Summary of All Systems Estimations on World Countries Group (1980-2005) 

Linear  functional form used on reserve currencies shares variable 

 

Variable Currency country's Currency country's Inflation differential of Lagged reserve  
 share of world GDP share of world trade currency country  share 

      to the world   
Dollar 
share  Not significant Coefficient approx. Coefficient approx Coefficient approx. 

of reserves in any estimation  1.05 to 1.08 0.22 0.68 to 0.77 

     
R2 approx. 

0.83  significant at 10% level significant at 10% level significant at 5% level 

    in 2 systems estimations  in 1 system equation    

Yen share  Not significant Coefficient approx. Not significant Coefficient approx. 
of reserves in any estimation 0.25 to 0.41 in any estimation 0.65  to  0.7 

     
R2 approx. 

0.87  significant at 5% level significant at 5% level

    in 2 systems estimations   
in all systems 
estimations   

Pound 
share Not significant Coefficient approx. Not significant Not significant 

of reserves in any estimation -0.26 in any estimation in any estimation 
     

R2 approx. 
0.34  significant at 10% level   

    in 1 system estimation    

Euro share  Coefficient approx. Not significant Not significant Coefficient approx. 

of reserves -0.72 to -0.83 in any estimation in any estimation 0.60 to 0.70 

     
R2 approx. 

0.77 significant at 10% level   significant at 5% level 

 
in 2 systems 
estimations   

in all systems 
estimations  

 
Notes: Detailed result for each system regression is given in Appendix D.  
Equations estimated by Seemingly Unrelated Regression method.  
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4.4.4.2  How do the developed and developing countries differ in the management of their 

portfolios of reserve currencies, particularly in their attitudes toward the dollar versus 

the euro? 

 

Results from the logistic estimations for both the developed and developing country 

groups show that the lagged reserve share coefficients are positive and significant in all 

systems equations for all reserve currencies (see Tables 4.5 and 4.6 below).  These 

findings therefore indicate that both developed and developing countries regard 

incumbency advantage as an important determinant in the managements of their currency 

composition of reserves.  

 

For the developed countries group, the size of the US dollar lagged reserve share 

coefficient (around 0.9) is almost double the coefficients on the lagged reserve share of 

the yen, the pound sterling or the euro which are in the range of 0.4 to 0.5.  This means 

that only 10% of the adjustment to the long run holding of the US dollar is estimated to 

occur in a single year.  By comparison, the adjustment rate of the other currencies is 

considerably larger, about 50% per year.  

 

The US dollar is currently the principal reserve currency amongst the developed 

nations.33  The slower adjustment rate of the US dollar holdings for the developed group 

suggests that a stronger incumbency advantage exists for the dollar.  Based on this 

finding alone, one could make a preliminary suggestion that the US dollar is likely to 

maintain its dominant position for the developed countries group in the near future. 

                                                 
33  In 2005 for example, the US dollar accounted for a 73.7% share of the reserve currency holdings 
amongst the developed countries group (see Figure 4.2). 
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Table 4.5: Summary of All Systems Estimations on Developed Countries Group (1980-

2005). Logistic functional form used on reserve currencies shares variable 

Variable Currency country's Currency country's Inflation differential of Lagged reserve  
 share of world GDP share of world trade currency country  Share 

      to the world   
Dollar 
share  Not significant Not significant Not significant Coefficient approx. 

of reserves in any estimation in any estimation in any estimation 0.87 to 0.89 
     

R2 approx. 
0.86    significant at 5% level 

      
 in all systems 

estimations 

Yen share  Not significant Coefficient approx. Coefficient approx. Coefficient approx. 
of reserves in any estimation 4.21 to 4.36 2.18 to 2.40 0.38  to  0.43 

     
R2 approx. 

0.87  significant at 10 % level significant at 10 % level significant at 5% level 

   in 2 systems estimations in all systems estimations 
 in all systems 
estimations  

Pound 
share Not significant Not significant Not significant Coefficient approx. 

of reserves in any estimation in any estimation in any estimation 0.50  to  0.58 

     
R2 approx. 

0.75    significant at 5% level 

      
 in all systems 

estimations 

Euro share  Coefficient approx. Not significant Coefficient approx. Coefficient approx. 
of reserves -2.32 to -2.43 in any estimation 0.43 to 0.55 0.37 to 0.43 

     
R2 approx. 

0.61 significant at 10% level  significant at 10 % level significant at 5% level 

 in 2 systems estimation  in 2 systems estimations 
 in all systems 

estimations 
 
Note: Detailed result for each system regression is given in Appendix D.  
Equations estimated by SUR method.  

 

In the case of the developing countries, however, the coefficient on the lagged reserve 

share of the US dollar only accounts for 0.3 to 0.4, which means that a larger adjustment 

of 60 to 70% to the long run holdings of the currency may occur in a single year.  This 

suggests that developing countries are more willing to change their US dollar holding to 

other currencies.  By contrast, the lagged reserve share coefficient on the euro within this 

group is approximately equal to 0.8.  This shows that developing countries are likely to 
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make only relatively small adjustments to their current holdings of the euro compared to 

the 50% adjustment rate on the euro in the developed countries group.  In terms of the 

holdings of the yen and the pound, the lagged reserve share coefficients on these two 

currencies are similar to those of the developed countries at around 0.5.   

 

Taken together, the results generally show that the developed countries are likely to 

maintain their holdings of the US dollars and make larger adjustments to holdings of the 

euro, while the reverse is true of the developing countries group. The finding is in fact 

consistent with recent developments in a number of developing countries including 

Indonesia and South Korea.  For example, in 2003, the Central Bank of Indonesia made 

an announcement that the bank was to conduct a massive shift of its reserve holdings out 

of the US dollar.  This decision was taken as Indonesia has relatively small amount of 

reserves, and consequently was concerned about the impact of the many uncertainties in 

the exchange value of the US dollar and the US economy on the value of its portfolio 

(Sitathan 2003).   
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Table 4.6: Summary of All Systems Estimations on Developing Countries Group (1980-

2005), Logistic  functional form used on reserve currencies shares variable 

 

Variable Currency country's Currency country's Inflation differential of Lagged reserve  
 share of world GDP share of world trade currency country  Share 

      to the world   
Dollar 
share  Coefficient approx. Coefficient approx. Coefficient approx. Coefficient approx. 

of reserves -7.31 3.33 to 4.28 0.09 to 0.13 0.31 to 0.40  
     

R2 approx. 
0.56 significant at 10% level significant at 5% level significant at 10% level significant at 10% level 

  in 1 system estimation in all systems estimations in all systems estimations In 2 systems estimations 

Yen share  Not significant Coefficient approx. Not significant Coefficient approx. 
of reserves in any estimation 3.42  to 3.59 in any estimation 0.53 to 0.55 

     
R2 approx. 

0.78  significant at 10 % level  significant at 5% level 

   in 2 systems estimations  in all systems estimations 
Pound 
share Coefficient approx. Not significant Not significant Coefficient approx. 

of reserves 2.50 to 2.84 in any estimation in any estimation 0.47 to 0.54 
R2 approx. 

0.44 significant at 10 % level   significant at 5% level

  in 2 systems estimations   in all systems estimations 

Euro share  Coefficient approx. Not significant Not significant Coefficient approx. 

of reserves -2.73 to -2.90 in any estimation in any estimation 0.81 to 0.84 

     
R2 approx. 

0.89 significant at 5% level   significant at 5% level 

 in all systems estimations   in all systems estimations 
 
Notes: Detailed result for each system regression is given in Appendix D.  
Equations estimated by SUR method.  

 

Inflation differential variable, which was not significant in most regressions, was dropped 

from the model.  Results of the modified estimations were generally similar to those of 

the original estimations, with the exception that the lagged shares coefficient for the 

dollar estimations was somewhat higher at 0.58.  A Durbin h test of serial correlation in 

this model confirms that the residuals for the estimations are free from serial correlation.  
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With regard to the role of the currency country’s share of world trade, estimations on the 

developed countries data in Table 4.5 show that the variable is significant in the yen 

estimation only.  Its size indicates that 1% increase in the relative volume of the Japanese 

trade to the world will result in approximately 4% increase in the developed countries’ 

holdings of the yen.  Similarly, in the case of developing countries in Table 4.6, 1% 

increase of the share of Japanese trade to the world is expected to increase the holdings of 

yen amongst the developing nations by approximately 3.5%.  

 

US share of world trade is found to be a significant determinant of the holdings of the US 

dollar reserve currency for the developing countries only.34  Developing countries are 

estimated to increase their dollar reserve holdings by 3.8% following 1% increase of the 

share of US trade to the world.35  In light of the current global economic crisis, the 

significance and size of the trade coefficient for dollar holdings in the estimations for the 

developing countries may become particularly important. If the US economy can not 

continue to increase its share of trade with the rest of the world, it implies that the dollar 

may not be able to maintain its dominance as reserve currency amongst these countries.  

Since developing countries are now holding a major proportion of the global FX reserves, 

a decrease in the US share of trade with the rest of the world may eventually result in a 

major decline in the US dollar holdings globally.36   

                                                 
34  Trade was not found to be significant in explaining the holdings of the euro and the pound reserves for 
either developed or developing countries. 
 
35  In the logistics estimations with no inflation differential variable, the size of the trade coefficient of the 
dollar estimation is found to be somewhat lower.  1% increase in the share of US trade to the world is 
expected to increase the dollar reserve holdings by approximately 2%.  
 
36  In 2007 for example, developing countries held 73% of the global FX reserves.  No more detailed data 
on the breakdown of reserve is currently available (IMF 2007 Annual Report). 
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The share of the world GDP for currency countries was found to be not significant in 

most estimations for both developed and developing countries group, with the exception 

of the euro estimation for developing countries, where the coefficients were found to be 

negative.  These findings are similar to those obtained previously in the world group. 

 

Estimations on the developed and developing countries using the linear form of the 

dependent variable give results that are similar to those obtained from the logistic 

estimations (see Tables 4.7 and 4.8). The lagged shares variables are all significant in 

explaining the holdings of the four different currencies in both groups of nations, with 

coefficients that are very similar to those from the logistic estimations.  The trade 

variable is again found to be significant only in the case of the yen estimation for the 

developed countries, but significant for both the dollar and the yen estimations in the 

case of the developing countries.  Similarly, for the GDP variable, the linear estimations 

also find that most coefficients are not significant. 

  

In summary, evidence obtained in this section confirms the importance of incumbency 

advantage as a key factor in the management of currency composition of reserves.  

Comparison of the lagged reserve share coefficients for the different currencies in the two 

groups showed a strong incumbency advantage effect in the US dollar holdings amongst 

the developed nations groups.  By contrast for developing countries, the effect was found 

to be weaker in the case of the dollar but stronger in the case of the euro.   
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Furthermore, trade was found to be an important variable to explain the holdings of the 

US dollar and the yen amongst the developing countries.  For the developed countries, 

the variable was found to be significant in explaining the holdings of the yen.  As with 

the results of the world estimations, GDP does not appear to have a significant positive 

effect in explaining the holdings of the different currencies as reserve for either of the 

sub-groups of countries. 

 

Table 4.7: Summary of All Systems Estimations on Developed Countries Group (1980-

2005).  Linear  functional form used on reserve currencies shares variable 

Variable Currency country's Currency country's Inflation differential of Lagged reserve  
 share of world GDP share of world trade currency country  share 

      to the world   
Dollar 
share  Coefficient approx. Not significant Not significant Coefficient approx. 

of reserves -5.31 in any estimation in any estimation 0.91 to 0.93 

     
R2 approx. 

0.86 significant at 10% level   significant at 5% level 

  in 1 system estimation   in all systems estimations 

Yen share  Not significant Coefficient approx. Coefficient approx. Coefficient approx. 
of reserves in any estimation 0.57 to 0.60 0.38 to 0.57 0.31  to  0.38 

     
R2 approx. 

0.82  significant at 10 % level significant at 5 % level significant at 5% level 

   in 2 systems estimations in all systems estimations in all systems estimations 
Pound 
share Coefficient approx. Not significant Not significant Coefficient approx. 

of reserves -1.30  to -1.41 in any estimation in any estimation 0.43  to  0.50 
     

R2 approx. 
0.71 significant at 10% level   significant at 5% level 

  in 2 system estimation   in all systems estimations 

Euro share  Coefficient approx. Not significant Coefficient approx. Coefficient approx. 

of reserves  -0.75 in any estimation 0.16 to 0.21 0.40 to 0.45 

     
R2 approx. 

0.63 significant at 10% level significant at 5% level significant at 5% level

 in 1 systems estimation  in all systems estimations in all systems estimations 
 
Notes: Detailed result for each system regression is given in Appendix D.  
Equations estimated by SUR method. 
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Table 4.8: Summary of All Systems Estimations on Developing Countries Group (1980-

2005), Linear  functional form used on reserve currencies shares variable 

 

Variable Currency country's Currency country's Inflation differential of Lagged reserve  
 share of world GDP share of world trade currency country  share 

      to the world   
Dollar 
share  Coefficient approx. Coefficient approx. Coefficient approx. Coefficient approx. 

of reserves -3.38 to -3.95 1.91 to 2.18 0.06 to 0.07 0.30 to 0.36 
     

R2 approx. 
0.55 significant at 10% level significant at 5% level significant at 10% level significant at 5% level 

  in 2 systems estimations in all systems estimations in all systems estimations in all systems estimations 

Yen share  Not significant Coefficient approx. Not significant Coefficient approx. 
of reserves  0.49 to 0.50  0.50  

     
R2 approx. 

0.73  significant at 10 % level significant at 5% level

   in 2 systems estimations in all systems estimations
Pound 
share Coefficient approx. Not significant Not significant Coefficient approx. 

of reserves 2.01 to 2.51   0.53  to  0.60 

     
R2 approx. 

0.52 significant at 10 % level   significant at 5% level 

  in all systems estimations   in all systems estimations 

Euro share  Coefficient approx. Not significant Not significant Coefficient approx. 
of reserves -0.90 to -0.95   0.85 to 0.87 

     
R2 approx. 

0.90 significant at 5% level   significant at 5% level 

 in all systems estimations   in all systems estimations 

 
Notes: Detailed result for each system regression is given in Appendix D.  
Equations estimated by SUR method. 
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4.4.4.3 What changes have there been in the management of the currency composition of 

reserves following the introduction of the euro in 1999? 

 

To answer this question, a Chow test (Chow 1960) was first used to determine whether or 

not there was a structural break in the results of the logistic estimations between the pre 

euro (1980-1998), and the post era (1999-2005) era for any of the three groups of nations.  

Results of the test are shown in Appendix E.  They indicate that there is no significant 

evidence of a structural break between the two periods of time.  However, the small 

sample size for the second half of the period means that these results must be viewed with 

some caution. 

 

To gain further insight into this issue, the logistic model for the three groups of nations 

was re-estimated using data only from the pre euro period 1980 to 1998.  In this section, 

the results of these estimations will be compared to the original logistic estimations 

which used data from the full period 1980 to 2005.  The results from the pre euro period 

(1980-1998) will also be compared with the results from Eichengreen (1998), who used 

linear estimations of reserves for the world group for the period 1974 to 1995. 

 

Results from the logistic estimations for the reserves of the world group for the period 

before 1999 indicate two interesting changes compared to those from the full period 

(1980 to 2005) (see Tables 4.3 and 4.9).  First, the coefficient of the lagged shares 

variable of the US dollar is found to have decreased slightly from a level of around 0.8 

for the period up to 1998 to a level of around 0.7 for the full period up to 2005.  The 
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coefficient of 0.8 found here for 1980 to 1998 is also very similar to the level of 0.86 

reported in the estimation for the US dollar from 1971 to 1995 in Eichengreen (1995) 

(see Table 4.1, column 7).  By contrast, the coefficient of the lagged shares variable for 

the euro (or the pre euro currencies) has increased quite significantly from around 0.47 

for the period up to 1998 to around 0.62 for the full period.37 

 

These findings suggest that that the creation of the euro in 1999 has resulted in a decrease 

in the relative importance of incumbency advantage for the dollar, which for many years 

has been the key by which this currency has maintained its dominance as reserve 

currency.  The results suggest that the creation of the euro has provided an impetus for 

central bankers globally to rethink their strategies in diversifying their portfolio out of the 

dollar into other currencies.  

 

The second interesting result for the world group concerns the trade variable.  The size of 

the coefficient on the trade variable in the dollar estimations for the world group was 

found to have decreased from approximately 5.6 for the period up to 1998 to around 2.0 

for the full period up to 2005.  However, in the yen equation, the trade variable for Japan 

which was not  significant in the estimations for the period up to 1998, was found 

significant (with coefficient size of approximately 2.0) in the estimations for the period 

up to 2005.  This finding suggests that an increase in the US world share of trade will 

now have a smaller effect on the holdings of reserves in US dollars, but an increase in the 

Japanese share of trade will have a more marked effect.  

                                                 
37  For Japan, the lagged reserve share coefficient of the yen has been consistent at the same level of 0.7. 
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Table 4.9: Summary of All Systems Estimations on World Countries Group (1980-1998), 

Logistic  functional form used on reserve currencies shares variable 

Variable Currency country's Currency country's Inflation differential of Lagged reserve  
 share of world GDP share of world trade currency country  Share 

      To the world   
Dollar 
share  Not significant Coefficient approx. Coefficient approx Coefficient approx. 

of reserves in any estimation 5.29 to 6.06 0.41 0.78 to 0.82 
     

R2 approx. 
0.84  significant at 5% level significant at 10% level significant at 5% level 

    
in all systems 
estimations  in 1 system estimation 

in all systems 
estimations   

Yen share  Not significant Not significant Not significant Coefficient approx. 
of reserves in any estimation in any estimation in any estimation 0.62  to  0.70 

     
R2 approx. 

0.82    significant at 5% level 

      
in all systems 
estimations   

Pound 
share Not significant Not significant Not significant Not significant 

of reserves in any estimation in any estimation in any estimation in any estimation 
R2 approx. 

0.23     
     

Pre euro 
currencies 

share  Not significant Not significant Not significant Coefficient approx. 
of reserves in any estimation in any estimation in any estimation 0.44 to 0.49 

     
R2 approx. 

0.49  significant at 10% level

    in 2 systems estimations  
 
Notes: Detailed result for each system regression is given in Appendix D. 
Equations estimated by SUR method 
 

For the developing countries group, the coefficients on the lagged reserve shares show 

quite different results compared to those of the world group and developed countries 

group.  The lagged reserve share of the US dollar estimation was not found to be 

significant in the period before 1999, but is significant in the full period, with coefficient 

size equal to approximately 0.35 (see Tables 4.6 and 4.11).  The lagged reserve share of 

the euro has also become more important, with its coefficient size increased from 0.7 to 



 119

0.8 from the shorter to the longer period.38  This shows that incumbency advantage for 

the developing countries has actually become a more important factor in the case of the 

dollar, but at the same time, incumbency advantage has become more important for the 

euro as well.  

 

For the developed countries group, the coefficient on the lagged reserve share for the US 

dollar estimation has been relatively constant at a level of 0.9 for both the shorter and the 

longer period (see Tables 4.5 and 4.10).  In the case of the euro, the size of its lagged 

reserve share coefficient has also been constant.  For the yen, the variable was found to 

be insignificant in the estimation for the period 1980 to 1998, but became significant with 

coefficient size equal to 0.4 in the updated estimation for the period 1980 to 2005.  The 

finding suggests that incumbency advantage for the developed countries is still important 

in the management of the composition for the dollar, but may be increasing in importance 

to some extent for other countries as well. 

 

Consistent with the results for the world group, the size of the trade variable in the dollar 

estimations for the developing countries group decreased from around 7.0 to around 3.5 

from the shorter to the longer run period.  Conversely for the yen equation as with the 

world group, the trade variable of Japan which was considered to be insignificant in the 

estimations for the developing countries for the period up to 1998 became significant 

with coefficient size of around 3.5 in the estimations for the period up to 2005.   

 

                                                 
38 The lagged reserve share coefficient of the yen for developing countries has been consistent at the same 
level of 0.50 approximately. 
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For the developed countries group, the decrease in the importance of US trade was even 

more marked.  The share of US trade to the world was an important determinant for the 

holdings of the dollar with a coefficient equal to 7.7 for the period before 1999.  

However, in the updated estimation, the variable was found to be insignificant.  The same 

situation is also observed in the yen estimation, which is contrary to the results found for 

both the world and developing countries group.  The trade variable of Japan was found to 

be significant with coefficient equal to 4.5 for the developed countries group before 1999, 

but was not significant in the estimation for the period 1980 to 2005.    

 

In terms of the role of the GDP variable, the logistic estimation on for all three groups, 

world, developed and developing countries, for the period 1980 to 1998 found GDP to be 

an insignificant factor in explaining the holdings of the different reserve currencies.  This 

finding is consistent with those for all three groups for the full period to 2005, indicating 

that GDP, has not been significant in explaining the management of currency 

composition of reserves at for both the pre-euro and post-euro periods.  Based on this 

finding alone, the prediction by Bergsten (1997a,b) or Chinn and Frankel (2005) that euro 

could overtake the position of the US dollar as the principal reserve currency if eurozone 

becomes larger than the US economy is therefore not supported.  But as stated previously 

in Section 4.4.4.1, it is the share of trade of the respective currency countries to the world 

which should become the more important consideration in the attempt to shed light on the 

issue of whether or not the US dollar would be able to maintain its dominance as the 

principal reserve currency.         
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In summary, the results of estimations suggest that following the introduction of euro in 

1999, incumbency advantage has remained a significant factor, and is increasing in 

importance for the holdings of reserves in US dollars, particularly for the group of 

developing countries.  For the euro too, incumbency advantage seems to be becoming a 

more important influence for both developed and developing countries. 

 

Share of US trade with the world, however, has decreased in importance in determining 

the holdings of the US dollar reserve for both the two sub groups of countries over the 

post euro period.  Conversely, for developing countries in particular, the trade variable of 

Japan has now become more important in the determination of the holdings of the yen 

reserve.   

 

In general, the results suggest that there is some lessening of dominance by the US dollar, 

particularly for the developing countries.  But, in keeping with the conclusions of 

Eichengreen (1998) and Chinn and Frankel (2005) there do not appear to be any strong 

indications that the euro is likely to overtake the US dollar as primary reserve currency in 

the near future.   
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Table 4.10: Summary of All Systems Estimations on Developed Countries Group (1980-

1998), Logistic  functional form used on reserve currencies shares variable 

 

Variable Currency country's Currency country's Inflation differential of Lagged reserve  
 share of world GDP share of world trade currency country  Share 

      to the world   
Dollar 
share  Not significant Coefficient approx. Not significant Coefficient approx. 

of reserves in any estimation 7.63 to 8.07  0.90 to 0.93 
     

R2 approx. 
0.88  significant at 10% level  significant at 5% level 

    in 2 systems estimations  
 in all systems 

estimations 

Yen share  Not significant Coefficient approx. Coefficient approx. Not significant
of reserves in any estimation 4.39 to 5.26 3.18 to 3.73 in any estimation 

     
R2 approx. 

0.82  significant at 10 % level significant at 5 % level  

   in 2 systems estimations In 2systems estimations  
Pound 
share Not significant Not significant Not significant Coefficient approx. 

of reserves in any estimation in any estimation in any estimation 0.34  to  0.45 

     
R2 approx. 

0.79    significant at 10% level 

      
 in all systems 

estimations 

Euro share  Not significant Not significant Not significant Coefficient approx. 

of reserves in any estimation in any estimation in any estimation 0.37 to 0.40 

     
R2 approx. 

0.59    significant at 10% level 

    
 in all systems 

estimations 

 
Notes: Detailed result for each system regression is given in Appendix D. 
Equations estimated by SUR method 
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Table 4.11: Summary of All Systems Estimations on Developing Countries Group (1980-

1998), Logistic  functional form used on reserve currencies shares variable 

 

Variable Currency country's Currency country's Inflation differential of Lagged reserve  
 share of world GDP share of world trade currency country  Share 

      to the world   
Dollar 
share  Coefficient approx. Coefficient approx. Coefficient approx. Not significant 

of reserves -9.34  to -10.50 6.97 to 7.23 0.17 to 0.18 in any estimation 
     

R2 approx. 
0.58 significant at 10% level significant at 5% level significant at 5% level  

  in 2 systems estimation in all systems estimations in all systems estimations  

Yen share  Not significant Not significant Not significant Coefficient approx. 
of reserves in any estimation in any estimation in any estimation 0.49 to 0.53 

     
R2 approx. 

0.59    significant at 5% level 

     in all systems estimations 
Pound 
share Not significant Coefficient approx. Not significant Not significant 

of reserves in any estimation 2.15 to 2.34 in any estimation in any estimation 
     

R2 approx. 
0.59  significant at 10% level   

   in 2 systems estimation   

Euro share  Not significant Not significant Not significant Coefficient approx. 
of reserves in any estimation in any estimation in any estimation 0.58 to 0.74 

     
R2 approx. 

0.48    significant at 5% level 

    in all systems estimations 
 
Notes: Detailed result for each system regression is given in Appendix D. 
Equations estimated by SUR method. 
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4.5  CONCLUSION   

 

This chapter provides estimations, based on transaction theory, of the determinants of the 

currency composition of FX reserves for three different groups of nations, a single “world 

group”, and two sub-groups, “developed countries” and “developing countries” group.  

The estimation uses yearly data on aggregate holdings of reserve currency shares for each 

group for the period of 1980 to 2005.   

 

Results of the estimations are used to provide answers to the following questions:   

1) How well do the transaction theory factors explain the management of currency 

composition of FX reserves for the period from 1980-2005?   

 

The results of the ‘world group’ estimations generally show that the lagged reserve share 

is an important determinant for the holdings of the current shares of reserve currencies. 

This verifies that incumbency advantage plays an essential part on the holdings of a 

particular currency as reserve.   

 

The relative volume of the US trade and the Japanese trade to the world in particular, is 

found to be positively significant in explaining the holdings of the US dollar and the yen 

in global reserves.  This finding therefore supports the argument that as currency 

countries increase their trade volume with the rest of the world, other nations will have a 

tendency to hold more of the country’s currency as their reserves for trade payment 

purposes. 
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By contrast, relative GDP sizes of the currency countries to the world group are found to 

be not significant in explaining global reserve currencies holdings.  These findings are 

therefore not supportive of the argument forwarded by Bergsten (1997b) that the size of 

the EMU economy, which is now larger than the US economy, may provide the impetus 

for the euro to overtake the dollar as the leading reserve currency.    

 

Similarly, inflation differential also appear to be not significant in explaining reserve 

currencies holdings.  This finding suggests that inflation differentials may be a poor 

proxy for measuring the relationship between confidence in the stability of the exchange 

value of a reserve currency and its holdings as reserves.39   

 

 

2) How do the developed and developing countries differ in the management of their 

portfolios of reserve currencies, particularly in their attitudes toward the dollar versus 

the euro? 

 

Evidence obtained in estimations using data from the two sub groups of countries further 

support the importance of incumbency advantage as a key factor in the management of 

currency composition of reserves, particularly for the developed nations group.  By 

contrast for developing countries, the effect is found to be weaker in the case of the 

dollar but stronger in the case of the euro.  This finding is consistent with recent 

developments amongst some developing countries which now consider in placing more 

emphasis on keeping and possibly increasing its holdings of euro as opposed to 

                                                 
39  This issue will be dealt further in Chapter 6 in the mean-variance estimation for an individual country, 
Australia. 
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maintaining its principal holdings in US dollars as the exchange value of the US dollar 

becomes increasingly volatile (see for example Sitathan 2003). 

 

As with the results of the world estimations, trade is found to be an important variable to 

explain the holdings of the US dollar and the yen amongst the developing countries.  For 

the developed countries, the variable is found to be significant in explaining the holdings 

of the yen only.  GDP on the other hand, does not again appear to have a significant 

positive effect in explaining the holdings of the different currencies as reserve for either 

of the sub-groups of countries. 

 

To enrich the discussion on this issue, it would be of interest to examine the roles of the 

different factors suggested by the transaction theory, as well as other factors in the 

management of FX reserves in emerging market economies like China.  This is because 

this group of countries has recently played much greater role in the accumulation of FX 

reserves.  However such study can not currently be performed since relevant data from 

these countries are not yet available.    

 

 

3) What changes have happened in the management of the currency composition of 

reserves following the introduction of the euro in 1999? 

 

Comparison between estimations using data from the period 1980 to 1998 and those of 

the full period 1980 to 2005 show that incumbency advantage has remained a significant 
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factor.  For developing countries group particularly, this factor has increased in 

importance for the determination of the holdings of reserves in US dollars, euro and yen.   

 

Share of US trade with the world has become less important in determining the holdings 

of the US dollar reserve for the two sub groups of countries over the full period, but 

conversely, the trade variable of Japan has now become more important in the 

determination of the holdings of the yen reserves for developing countries. 

 

All in all, evidence obtained in this chapter seems to indicate that the US dollar is likely 

to continue to be the principal reserve currency in the near future.  The importance of 

incumbency advantage as a key factor in managing FX likely to assist in the maintenance 

of the US dollar holdings, which currently still account for almost 70% of the global 

reserves.  It does not imply however that the dominant position of the US dollar has not 

been and will not be unchallenged.  The incumbency advantage effect of the US dollar 

amongst the developing nations for the period 1980 to 2005, for example, was found to 

be relatively weaker compared to that of the euro, suggesting that for these countries at 

least, the US dollar has begun to lose some of its appeal as a reserve currency. 
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CHAPTER 5 

Analysis of the Management of Currency Composition of Foreign Exchange 

Reserves in Australia 

 

 

 

5.1  INTRODUCTION 

 

This chapter presents a transaction theory based empirical estimation of the management 

of the currency composition of FX reserves in Australia.40   The estimation utilizes 

monthly data on the currency composition of FX reserves held by the RBA for the period 

of March 2000 to December 2006.41   The chapter will aim to use the individual country 

data to answer similar questions to those that were addressed in estimations of grouped 

country data in Chapter 4.   

 

Specifically, the analysis will seek to identify the relevance of the transaction theory, and 

the significance of various factors suggested by it, in the determination of the 

composition of FX reserves for an individual country.  The use of the individual country 

data will enable the analysis to focus more clearly on the roles of the different 

determinants of composition of FX reserves than could previously be achieved in the 

group data estimation.  The analysis will also help to shed some light on possible 

changes, based on the transaction theory, which the RBA may implement in the holdings 

                                                 
40  This study appears to be the first transaction theory based study conducted to evaluate the management 
of currency composition of FX reserves for an individual country.  
 
41  At the time of writing, data was only available for this period.  



 129

of reserve currencies in the future, particularly in the light of the introduction of the euro 

in 1999. 

 

The remainder of the chapter will be divided into five sections.  Section 5.2 will discuss 

the framework currently adopted by the RBA in managing reserve currencies.  Section 

5.3 will revisit the Dooley et al. (1989) study which utilized data from individual 

countries for a panel regression on the currency composition of reserves for the period 

1976 to 1985.  The section will then draw on the RBA’s framework to identify the 

transaction based determinants which may affect the management of currency 

composition of reserves in Australia.  Section 5.4 will describe the data and methodology 

implemented used in the empirical estimation for Australia.  Section 5.5 will discuss the 

results of the estimation in relation to the questions raised above.   Finally, Section 5.6 

will present a summary of the chapter.  

 

 

5.2  MANAGEMENT OF FOREIGN CURRENCY RESERVES IN PRACTICE 

 

5.2.1  Overview 

 
This section will summarize a number of important aspects of the framework commonly 

adopted by central banks, and more specifically by the RBA, in managing their FX 

reserves in practice.42  While central banks and managers of commercial funds may 

appear to be similar in that they both manage portfolios of foreign currency, there are 

                                                 
42 The summary is based on Andersen (2007) which is the RBA’s website publication prepared by Michael 
Andersen, Senior Manager of International Reserves, RBA.  
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some factors which differentiate between the two agents.  Commercial fund managers 

have an obligation to make investment decisions in a way which maximizes the value of 

their assets subject to the requirements of their clients.  However, central banks must 

manage their reserve portfolios subject to a range of policy related constraints relevant to 

their transaction needs.  Under a floating exchange rate regime, for example, central 

banks may need to use FX reserves to provide liquidity in the event of extreme market 

movement.   

 

This however does not mean that capital preservation and wealth generation are not also 

important considerations for central banks.  Even where central banks own their reserves, 

income needs to be generated to balance the opportunity cost of maintaining substantial 

holdings of assets as reserves.  In other words, both transaction theory and mean-variance 

theory have elements that are relevant to the management of foreign currency reserves of 

a particular country.   

 

The summary provided in this section will be particularly useful for the discussion in the 

Section 5.4 on the usefulness of a number of possible transaction based determinants for 

the modeling of currency composition of reserves in Australia.  The summary will also 

provide a good foundation for the mean-variance based estimation of currency 

composition for reserves of Australia which will be undertaken in Chapter 6. 
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5.2.2  Common Framework for the Management of Foreign Exchange Reserves  

 
In managing their FX reserves, central banks generally follow an investment mandate or 

framework which is designed to ensure that the desired characteristics of the foreign 

currency reserve portfolio are achieved.   In defining the mandate, central banks consider 

a number of key elements.  These include:  

 The factors affecting the desired level of reserves. 

 The extent in which reserves are to be managed in separate investment 

tranches. 

 The instruments to be used in the portfolio investment. 

 The preferred management styles adopted by central banks. 

 The final consideration is the determination of the optimal portfolio 

benchmarks in terms of the optimal duration, composition and currency 

composition of the portfolio.   

These elements are discussed in more detail below.      

 

Factors Affecting the Desired Level of Reserves 

There are several factors which central banks must consider in identifying the range for 

their desired level of reserves.  In most circumstances, the decision made on the level of 

reserves may simply be a function of the policy environment occurring at the time.  Other 

factors, such as the size of the balance sheet of the central bank, the opportunity cost of 

maintaining an unhedged portfolio of foreign assets and the relative depth of the domestic 

and FX markets may also play a part in the identification process.     
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Use of Segregated Investment Tranches 

As discussed previously, central banks often have conflicting objectives in managing 

their foreign currency portfolio.  On one hand, the portfolio needs to be liquid in order to 

meet the transaction needs of the country.  On the other hand, the portfolio however also 

has to generate income.  When presented with these conflicting objectives between 

liquidity and wealth generation, some central banks have used independent investment 

portfolios with their own investment mandates.  Even if countries do not create separate 

investment vehicles, many address the problem by segregating their foreign currency 

portfolios into smaller portfolio tranches; the most common of these being a liquidity 

tranche and an investment tranche.    

 

Instruments Used in Portfolio Investment 

Given the tradeoff between the liquidity and return characteristics associated with the 

investment, central banks are often restricted to combinations of short dated cash 

instruments and medium term securities that are issued by highly rated governments and 

supranational agencies.  In identifying the eligible range of instruments, one important 

consideration is the amount of reserves under management.  It is undesirable for central 

banks to use too many instruments when the level of reserves is small.  This approach 

could stretch available resources too thinly and, in the case of credit products, may not 

result in sufficient diversification within the particular instrument class. 
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Different Management Styles Adopted by Central Banks 

Central banks often adopt quite different approaches or unique investment styles in 

managing their reserves.  Nevertheless, management styles can be generally categorized 

into two contrasting styles, passive style or active style.  Passive management gives a 

little discretion to portfolio mangers.  One example of a passive strategy involves buying 

foreign currency assets and holding them to maturity.  An active management framework 

provides managers scope to alter positions in the expectation of market developments.43      

 
 
Determining the Optimal Portfolio Benchmarks 
 
In managing their foreign exchange assets, central banks need to determine optimal 

portfolio benchmarks in terms of duration, composition and currency composition.  A 

decision about the duration of the benchmark portfolio is essentially a decision about 

managing interest rate risk, that is, the risk that the value of their instruments will decline 

as interest rates increase.  The decision involves three related factors: the duration of a 

central bank’s investment, the expected return on the assets and the expected variability 

of these returns.  As the duration of the portfolio increases, the average return of the 

portfolio should also increase.  The risk in this case however, is that the variability of the 

expected return would also increase.      

 

A decision about the portfolio composition benchmark concerns the selection of the 

instruments to be used from an infinite range of combinations of instrument types and 

terms of maturity that are suitable to the central bank’s choice of investment duration.  As 

                                                 
43 This style implicitly assumes that the portfolio manager is able to identify and exploit short term 
anomalies or that they have a comparative advantage in identifying longer term economic developments.       
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previously discussed, given the tradeoff between the liquidity and return characteristics 

associated with the investment, central banks are often restricted to combinations of short 

dated cash instruments and highly related medium term securities. 

 

When selecting the currency composition of the FX portfolio, consideration needs to be 

given to the main objectives for holding reserves.  If reserves are used for intervention in 

the FX market, then the portfolio may need to be relatively overweight in the intervention 

currencies of choice.  If foreign currency reserves are being held as a hedge against 

official or non-official foreign currency liabilities or are funded with foreign currency 

loans, it may be appropriate to match the currency composition of the liabilities or the 

loans.  Finally, if foreign currency reserves are used to fund imports or cover current 

account deficits, consideration should be given to a currency composition that reflects the 

compositions of trade flows.  All of the considerations listed here focus on the elements 

of reserve management that are most relevant to the transaction theory based approach. 

 

After the duration, composition and currency composition of the benchmark portfolios 

are determined, weights are assigned to each portfolio to determine the amount of funds 

to be allocated to each one.  This process involves optimizing returns subject to a number 

of policy related constraints under consideration.  Using mean variance analytical tools, 

an efficient frontier can be determined to indicate the highest return achievable for each 

level of risk.  The use of this method implies that, while the transaction theory approach 
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is used to derive the currency composition of the benchmark portfolio, the mean variance 

approach is used to help to optimize the return from the benchmark portfolio.44  

 

 

5.2.3  Foreign Exchange Reserves Management Framework Adopted by the Reserve 

Bank of Australia 

 

The RBA owns and operates the foreign currency reserves of Australia.  The 

responsibility to manage the foreign exchange reserves is established through the broad 

legislative powers that allow the bank to deal in FX to achieve its monetary policy 

objectives, primarily by maintaining a capacity to intervene in foreign currency markets.  

In addition, foreign currency reserves are also augmented to meet the domestic liquidity 

operations and to manage the day-to-day foreign currency requirements of the Australian 

Government. 

 

Portfolio Benchmarks Adopted by the RBA 

Australia does not target a particular level of reserves either on an outright basis or in 

proportion to the size of its economy or its financial market. Given the size and relative 

stability of the foreign currency portfolio of the country, the RBA also does not manage 

separate liquidity and investment reserve tranches.  In regards to the preferred 

management style, significant scope is given for the active management of the Bank’s 

foreign currency portfolio against its benchmark.   

                                                 
44  See Section 2.2 for a more detailed explanation of the use of an efficient frontier derived from the 
mean-variance theory. 
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Internally developed benchmarks of the portfolio duration, composition and currency 

compositions have been in use since 1991 in Australia.  Table 5.1 below shows the 

current composition of the currency and asset benchmarks and the duration benchmark 

for each asset portfolio. Table 5.2 shows the composition of the different instruments 

used in the portfolio benchmarks. The benchmarks are reviewed periodically to ensure 

that they continue to reflect the long term objectives of the Bank.    

 

Table 5.1:  Currency Allocation, Asset Allocation and Duration of RBA’s Benchmarks  

  US Europe* Japan 

Currency Allocation (%) 45 45 10 

Asset Allocation (%) 45 45 10 

Duration (months) 30 30 30 
 
Source: Andersen (2007, p.16) 
 

 

Table 5.2:  Benchmark Composition of Instruments used by the RBA 

  US Europe* Japan 

Deposits 9 18 2 

Repurchase Agreements 15 12 16 

Short Term Securities 28 20 42 

Long Term Securities 48 50 40 

Total 100 100 100 
 
Source: Andersen (2007, p. 17) 
 
 
 
 
 

Currency Composition of Foreign Exchange Reserves of RBA 

Figure 5.1 displays the monthly shares of the FX reserves of Australia in the US dollar, 

the euro and the yen between the periods of March 2000 to December 2006.  Comparison 

of the currency composition of reserves with the published benchmarks shows that there 
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appears to be substantial deviation over time between the currency shares actually held 

and those nominated in the benchmarks, particularly in the cases of the euro and the yen 

holdings.  For example, in December 2006, RBA held 57% of its FX reserves in US 

dollars, but only 24% and 20% in euro and yen respectively, compared to the benchmark 

calculations of 45%, 45% and 10%.    

 

For the period for which data is available (March 2000 to December 2006), on average 

49% of the FX reserves of Australia were held in US dollars. This is fairly consistent 

with the US dollar benchmark allocation as specified in Table 5.1.  However in terms of 

the reserve allocation in euro, during the period Australia on average held only 35% of its 

FX reserves in that currency, as opposed to 45% suggested by the benchmark.  For the 

yen, the benchmark specified 10% allocation, but the actual data shows that the RBA 

held approximately 16% of its reserves in the currency on average.  These inconsistencies 

provide an additional motivation for the empirical estimations in this chapter, which aim 

to examine in more detail the different factors which over time may influence the 

management of currency composition of reserves in Australia.  
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Figure 5.1 RBA’s Currency Composition of FX Reserves (March 2000– December 2006)  
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Note:  The figure shows the share of each currency relative to total holdings of the three currencies combined. 
Source: RBA’s unpublished data 
 

 

 

 

5.3 PREVIOUS RESEARCH ON THE MANAGEMENT OF FOREIGN 

EXCHANGE RESERVES IN INDIVIDUAL COUNTRIES 

 

5.3.1  Overview 

 

This section first reviews the study conducted by Dooley, Lizondo and Mathieson in 

1989.  The Dooley et al. (1989) study is particularly relevant to the analysis on the 

composition of FX reserves in Australia as their empirical model was developed to deal 

data from individual countries.  This appears to be the only previous study based on the 

transaction theory, which has used data from individual countries. Moreover, the study 

was also successful in building a useful theoretical model to derive a set of potentially 
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important determinants of the currency composition of reserves for individual central 

banks.  This study was previously discussed briefly in Section 2.4, but its methodologies 

and empirical results in particular will be revisited and discussed in more detail in this 

section. 

 

 

5.3.2 Methodologies and Results of Dooley et al. (1989)  

 

Dooley et al. (1989) conducted their study to examine the factors which influenced the 

currency composition of foreign exchange reserves in both industrial and developing 

countries for the period 1976 to 1985.  In contrast to other empirical analyses which 

relied on currency composition data for aggregate groups of countries, their empirical 

analyses utilized data from individual countries in combined time series and cross 

sectional panel regressions.  Dooley et al emphasized that the use of data from individual 

countries would avoid the difficulties involved in distinguishing between the changes in 

the distribution of reserves across countries within the group, and changes in the currency 

composition that occur as a result of shifts in the portfolio preferences of the authorities 

in individual countries.  

 

Based on their theoretical model, Dooley et al. (1989) concluded that transaction needs 

are the principal determinants for central banks in managing their currency composition 

of foreign exchange reserves.45  Dooley et al. (1989) argued that the currency 

composition of reserves would be sensitive to the scale of transactions in a given 

                                                 
45  Refer back to Section 2.4.4 for detailed explanation of the theoretical model developed by Dooley et al. 
(1989) to derive possible transaction factors which affect currency composition of FX reserve. 
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currency relative to total transactions in all currencies.  Furthermore, they argued that the 

scale of exchange market transactions undertaken by the authorities would also be 

influenced by the nature of the exchange rate arrangements they select.  Maintaining a 

fixed exchange rate in this case would require a higher level of exchange market 

intervention in a particular currency than maintaining a floating exchange rate. More 

specifically, Dooley et al represented the empirical relationship between the currency 

composition of reserves, the relative scale of exchange market transactions in different 

currencies, and exchange rate arrangements by: 

 

  




 


5

1
1

5

1
1

5

1
,,,,3,,,,2,,,,1

,

,, )/()/(

v
v

v
v s

titsistitvivtitvivo

ti

tki ETTDTTTR
A

A
                   (5.1) 

where: 

 t = 1,…, T (number of periods) 

 i = 1,…, n (number of countries) 

 k,v = 1,…, 5 (number of reserve currency countries) 

 s = 1,…, 5 (number of exchange rate arrangements) 

Ai,v,,t = reserve of country i held as assets denominated in the currency of reserve country    

k at time t (converted to U.S. dollars at the end of the period) 

Di,v,t = debt service payments of county i denominated in the currency of reserve currency 

country v at time t 

Ei,s,t  =  exchange rate arrangement of type s adopted by country i at time t 

tiA ,  = total end of period foreign exchange reserves for country i at time t (measured in 

US dollars) 
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TTi,t  = sum of exports, imports and (in the case of developing countries) debt service 

payment by country i at time t 

TRi,v,t = trade flows (export plus imports) between country i and reserve currency country 

v at time t.  

 

Dooley et al. (1989) argued that estimating the equation 5.1 using OLS was inappropriate 

since the dependent variable can only take values in the interval 0 to 1, and OLS would 

likely result in biased and inconsistent estimators.   To avoid these problems, Dooley et 

al. (1989) used maximum likelihood and SCLS methods as well as OLS to estimate 

equation 5.1. 

 

The estimation results of the Dooley et al. (1989) study using the three methods gave 

similar results.  The results showed that, during the period 1976 to 1985, individual 

countries included in the developing nations group tended to hold a greater proportion of 

their FX reserves in assets denominated in a particular reserve currency if their exchange 

rate was pegged to that currency.  Moreover, they would also hold more assets in a 

reserve currency if a large share of their exports and imports was with the country issuing 

the reserve currency, and if a higher proportion of the interest payments on their external 

debt were denominated in this reserve currency.  Similarly, the composition of reserves 

for industrial countries was also influenced by exchange rate arrangements, and the 

shares of exports and imports of an industrial country to the reserve currency countries.  
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5.4  TRANSACTION THEORY BASED ANALYSIS OF THE MANAGEMENT 

OF CURRENCY COMPOSITION OF RESERVES IN AUSTRALIA 

 

5.4.1 Overview 

 

This section will develop a regression model that will be used to verify the relevance and 

the significance of the different transaction factors suggested by the RBA’s framework 

and the model developed by Dooley et al. (1989) to the management of the currency 

composition of FX reserves in Australia.  The analysis in this section will use monthly 

data of the currency composition on FX reserves of the RBA for the period of March 

2000 to December 2006.   

 

The section will be divided into two main subsections.  Section 5.4.2 will explain in 

detail how the regression model is developed, as well as explaining why the regression 

technique used is the most appropriate for the empirical estimation.  It will also discuss 

how data for the variables included in the model is calculated.   Section 5.4.3 will report 

and provide interpretation of the results of the estimations to answer the questions raised 

in the introduction to the chapter.   

 

 

5.4.2 Data and Methodology 

 

The regression model utilized in this section is designed to estimate the relationship 

between the share of FX reserves held by the RBA in US dollars, euros and yen and a 
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number of explanatory variables which include: (1) debt service payments on liabilities 

denominated in different currencies, (2) the level of FX market intervention conducted by 

RBA and (3) the share of trade between Australia and the three currency countries.  The 

explanatory variables used in the model are similar to those used by Dooley et al. (1989) 

in their estimation of panel data from individual countries.  In selecting the explanatory 

variables, consideration has also been given to the factors which RBA has stated play 

important roles in the way that the composition of reserve currencies is managed in 

practice (see discussion in Section 5.2).  More formally, the model can be represented as 

equation 5.2 below: 

 
Logit Yit = 0 + 1 Ait +2 Bt + 3Cit + it                i=1,…,N ;     t=1,…,T      (5.2)                                              

 

where: 

Logit Yit          = log (sharet/1-sharet) of reserve currency i in total FX reserves 

Ait               = share of total debt service payments on liabilities denominated in different  

  reserve currency i 

Bt                = level of intervention in the FX market by the RBA 

Cit                  = the share of trade between Australia and reserve currency country i as a 

proportion of total trade.. 

 

The inclusions of the independent variables Ait and Cit are designed to examine the 

importance of the use of FX reserves as a medium to manage day to day foreign currency 

transaction requirements of the Australian government as discussed in Section 5.2.3.  For 

example, it is reasonable to expect that as Australia is required to make more debt service 
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payments on liabilities in a certain currency, the RBA should increase the holding of that 

currency as reserve. Similarly, when Australian trade with a certain country increases, the 

currency of that country should increase in significance in the holdings of FX reserves by 

the RBA.  In addition, as outlined in Section 5.2.3, one of the primary aims of the RBA in 

holding FX reserves is to maintain a capacity to intervene in foreign currency markets.  

For this reason, the variable Bt has been included as an independent variable in the model.  

This variable is analogous to the exchange rate arrangement variable used by Dooley et 

al. (1989).46 

 

Equation 5.2 defines the model with the logistic transformation formulation for the 

dependent reserve currency shares variable.  This functional form is chosen as the 

primary estimation method because the linear functional form may be less appropriate as 

currency shares are bounded in the range 0 to 1, whilst not all of the independent 

variables are constrained in the same way (see discussion of studies by Dooley et al. 

(1989), and Chin and Frankel (2005) in Section 4.3.3).  Evidence obtained from the 

estimations of the group data in Chapter 4 indicated that the results from the logistic 

transformation form regressions were superior compared to those of the estimations using 

the linear form. Equation 5.1 was also estimated in the linear formulation for comparison 

(see Appendix F).  

 

                                                 
46  The lagged share of currency reserves was included in the estimation of country groups in Chapter 4, but 
is not included in this estimation because the individual country data uses monthly rather than the annual 
data used in the group estimation.  As the monthly change on the currency composition of FX reserves is 
relatively small compared to the annual change, the use of lagged shares as a variable is likely to 
overwhelm all other explanatory variables.  Dooley et al. (1989) in his study also excluded lagged share of 
currency reserves for the same reason. 
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The estimations were originally run as a SUR system, as with the group data in Chapter 

4.  However, comparison of the results of the SUR system estimation and of estimations 

of the individual equations using OLS showed similar results, indicating that in this case 

SUR estimation was not necessary.  Three individual regressions for the dollar, the yen 

and the euro will be estimated.  A regression for the pound sterling share of reserves 

cannot be estimated since data for this currency is not available individually.47 Results of 

these estimations are presented in Appendix F. 

  

The estimation uses monthly data for the period of March 2000 to December 2006.  Data 

for the monthly currency composition of reserves held in the dollar, the yen and the euro 

were obtained from RBA (see Figure 5.1). Monthly debt service payments data were 

approximated by multiplying the FX liabilities denominated in each reserve currency by 

the one year London Inter Bank (LIBOR) rate for that currency.48    The RBA’s total 

monthly FX market transactions as a proportion of total FX reserve assets was used as a 

measure of the level of market intervention.49  Finally, monthly data for the share of trade 

variable was obtained by adding the share of exports and imports between Australia and 

                                                 
47 The RBA specifies its holding of pound sterling only under the ‘Other Currencies’ group, which together 
constitutes less than 15%, including gold and SDR.  This suggests that holdings of pound sterling are not a 
significant portion of Australian FX reserves, and the absence of an equation for pound sterling should have 
little effect on the results.  
  
48 Data for the FX liabilities of Australia are only available from the Australian Bureau Statistics (ABS) on 
a quarterly basis so it was necessary to assume that liabilities remained constant for each month of the 
quarter.  The one year term LIBOR rate is the longest quoted LIBOR rate and has been chosen as the 
closest match to the 30 month term used by RBA in defining their portfolio duration benchmark. 
 
49 Data for FX market transactions are only available in total, not as data for transactions for individual 
currencies.  The data on market transactions specifically refers to data on intervention by the RBA in the 
FX market, and excludes other transaction in the FX market to manage the day to day foreign currency 
requirements of the Australian government and other similar purposes.  
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the reserve currency countries as a proportion of total Australian trade.   This data was 

also obtained from the ABS statistical database.    

  

Prior to the estimation, KPSS tests for stationarity were performed to ensure that the 

results of the estimations were not spurious.  The tests indicate that most variables are 

stationary.  Some variables, such as the share of Japanese yen appear to be non-

stationary, but this is most likely to be a consequence of the relatively short length of the 

data period, of less than 6 years.  The results are displayed in Appendix G.  In addition, a 

number of other diagnostic tests including tests for multicollinearity and serial correlation 

were performed. Appendix H shows the correlation matrices between each of the 

independent variables.  Correlation coefficients between all pairs of the independent 

variables for the different currencies are all lower than |0.5|, indicating that the 

estimations are free from multicollinearity.   Results of the Durbin Watson (DW) tests for 

serial correlation are displayed in Appendix I. The tests indicated that serial correlation 

existed in all individual OLS estimations of the different reserve currencies.  This may 

lead to incorrect conclusions when tests of significance on the independent variables are 

performed.  To remedy this problem, as initial estimation indicated that the SUR method 

does not offer an advantage here, the generalised least squares (GLS) regression method 

was used on individual equations to estimate the currency composition of reserve share 

for Australia.50  

 

                                                 
50  In GLS estimations, additional information including the nature of autocorrelation and heteroskedasticity 
are incorporated directly into the estimating procedure by transforming variables, whereas in OLS such side 
information is not directly taken into consideration.  In the presence of autocorrelation, GLS should be used 
instead of OLS as its estimators are unbiased and consistent (Gujarati 1995, p 409-411).  
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5.5  RESULTS OF THE ESTIMATION OF THE CURRENCY COMPOSITION 

OF RESERVES FOR AUSTRALIA 

 

The discussion of the estimation results in this chapter is designed to identify the 

relevance and significance of the transaction theory and its various factors in the 

determination of the composition of FX reserves of Australia.  As part of the discussion, 

the analysis will also attempt to shed some light on the possible changes, based on the 

transaction theory, which the RBA may implement in the ways in which they manage 

their reserve currencies in the future, particularly in the light of the introduction of the 

euro in 1999. 

 
 
Table 5.3 reports results of the individual estimations on the determinants of the dollar, 

the euro and the yen composition of FX reserves of Australia, using the logistic 

functional form on the dependent currency shares variable.  As discussed previously, the 

method of regression chosen to run the estimation is the GLS regression method.  For 

comparison, similar results obtained from the estimations using OLS are displayed in 

Appendix F.      
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Table 5.3: Estimation of Currency Composition of FX Reserves of Australia (March 

2000 to December 2006) 

 

Variable  Share of debt service Level of Share of trade R2 
  payments on liabilities intervention  with reserve currency adjusted
  in reserve currency in FX market  country    
Dollar share 2.257** 4.055** 1.881** 0.692 
of reserves (0.170) (1.065) (0.514)   
  (13.259) (3.808) (3.663)   
          
Euro share  0.642** 5.839** 0.001 0.361 
of reserves (0.250) (0.953) (0.363)   
  (2.570) (6.124) (0.004)   
          
Yen share 5.427** -16.654** -1.748** 0.335 
of reserves (2.596) (2.569) (0.637)   
  (2.090) (-6.484) (-2.745)   
          

 
Notes: Standard errors in first parentheses.  T statistics in second parentheses.  Equations estimated using GLS method 
** significant at 5% level of significance 
* significant at 10% level of significance 

 

 

The results in general indicate that all three explanatory variables are significant 

transaction factors to explain the management of reserve currencies for the RBA.  The 

positive sign on the share of debt service payment coefficients and the significance of the 

variable in all three equations confirm the hypothesis previously made that as Australia is 

required to make more debt service payments on liabilities in a certain currency, the RBA 

will increase the holding of that currency as reserve.    

 

The size of the coefficient is particularly strong in the yen estimation.  For example the 

RBA is expected to increase its yen reserve share by 5.4% following a 1% increase in the 

share of Australia’s debt service payments on liabilities denominated in yen.   
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By comparison, the RBA is expected to increase its holding of the US dollar by only 

around 2.3% following a 1% increase in the share of debt service payments on liabilities 

denominated in dollars.  However both the FX reserve currencies and the FX liabilities of 

Australia are mostly held in US dollars.51  The small holding of the yen reserves may 

explain why the coefficient on the debt service payments denominated in yen is 

particularly strong.  This is because as Australia starts to borrow more in yen, RBA is 

expected to quickly build up its holding of the yen reserve which currently only accounts 

for a fairly small share.   

 

All of the results for the debt service variable indicate that it is unlikely that the RBA will 

switch its holdings of reserves from dollars to euro in the near future.  Two reasons which 

lead to this preliminary conclusion are: (1) the US dollar is still currently the dominant 

currency used by Australia for both holding reserve currency and settling international 

debt and (2) the size of the share of debt coefficient is much larger in the dollar equation 

compared to the coefficient on the euro equation.  A 1% increase on the share of debt 

service payments on liabilities denominated in the euro is likely to increase the shares of 

RBA’s holdings of euro by only 0.64%.  

 

The results of the estimations also confirm that the RBA uses FX reserve currencies to 

maintain a capacity to intervene in foreign currency markets.52  The positive sign and the 

                                                 
51  In December 2006 for example, on average around 55% of both the FX reserve currencies and the FX 
liabilities of Australia were denominated in US dollars, whilst only 31% and 14% of reserve currencies are 
held in euros and yen respectively.  
 
52  See Section 5.2.3 for discussion of this issue with regard to the RBA’s practice in managing its currency 
composition of FX reserves. 
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large and significant coefficients on the market intervention variable in the dollar and the 

euro equations show that the RBA is expected to increase their holdings of these reserve 

currencies as intervention in the FX markets increases.  An emphasis on the role of this 

explanatory variable should once again be placed on the dollar equation.  This is because 

intervention conducted by the RBA in the FX market is predominantly made against the 

US dollar (Andersen, 2007).  The results in this case suggest that the RBA is expected to 

increase its dollar reserve share by 4% following a 1% increase in the level of 

intervention in FX market.53  

 

The results suggest that trade with the reserve currency country is also an important 

factor in determining the management of currency composition of FX reserves in 

Australia, but only in the case of trade with USA.  This result is similar to that obtained in 

the estimation for the developing countries group in Chapter 4.  The RBA is expected to 

increase its holdings of the dollar reserve share by 1.9% following a 1% increase in the 

share of trade between the two nations.  By contrast, the share of trade with the eurozone 

is found to be an insignificant factor in determining the RBA’s holding of the euro 

reserve share. This evidence does not support the view proposed by Bergsten (1997a,b) 

that the euro is likely to surpass the US dollar as the leading reserve currency, on the 

basis of the importance of the combined economic size and trading volume of the 

eurozone countries. 

  

                                                 
53 The sign of the market intervention variable is negative in the yen equation.  This problem could be the 
result from data limitation, that is, data for this variable is only available as total FX market intervention, 
not data for transactions for individual currencies (see discussion on Section 5.4.2). 
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Overall, the values of the adjusted R2 found in the estimations of the three reserve 

currencies suggest that transaction factors are particularly important in the management 

of the dollar reserve share.  On average, 70% of the variation of the holdings of the dollar 

reserve has been explained by the variations of three explanatory variables.  By 

comparison, only 36% and 33% of the variations of the holdings of the euro and the yen 

reserves respectively, have been explained by the independent variables.   

 

In the case of the yen equation especially, the model has been quite weak in capturing the 

relationship between the different transaction factors and the holding of yen as reserve 

currency.   As shown in Table 5.3, the signs of the coefficients for the market 

intervention and the trade variables in the yen equation are negative, which is inconsistent 

with the underlying transaction theories of the determination of the currency composition 

of FX reserves.  These results also suggest that, for an individual country, transaction 

factors may be less reliable in explaining the holdings of a reserve currency which 

accounts for only a relatively small share of reserves. 

 

 

5.6  CONCLUSION 

 

This chapter presents a transaction theory based empirical estimation of the management 

of the currency composition of FX reserves in an individual country, Australia.   The 

estimation utilizes monthly data of the RBA’s holdings of the US dollar, the yen and the 

euro reserves for the period from March 2000 to December 2006.    
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The three independent variables used to explain the management of currency composition 

of FX reserves in Australia during the period were: (1) Australia’s share of debt service 

payments on liabilities in each reserve currency, (2) the level of intervention by the RBA 

in the FX market, and (3) the share of trade of Australia with each reserve currency 

country.  Results of the estimations in general indicate that all three explanatory variables 

play a part in the management of currency composition of FX reserves in Australia.   

 

Coefficients on the debt service payment variables are significant and positive in all 

estimations of the three reserve currencies.  This confirms the hypothesis made that as 

Australia is required to make more debt service payments on liabilities in a certain 

currency, the RBA will increase the holding of that currency as reserve.   Moreover, the 

sizes of the coefficients of the debt service payments variables indicate that it is unlikely 

that the RBA will switch its holdings of reserves from dollars to euro in the near future.  

This is because: (1) the US dollar is still currently the dominant currency used by 

Australia for both holding reserve currency and settling international debt and (2) the size 

of the share of debt coefficient is much larger in the dollar equation compared to the 

coefficient on the euro equation. 

 

Results of the empirical estimations also confirm that the RBA in practice uses FX 

reserve currencies to maintain a capacity to intervene in the FX markets. The positive 

sign and the large and significant coefficients on the market intervention variable in the 

dollar and the euro equations show that the RBA is expected to increase their holdings of 

these reserve currencies as intervention in the FX markets increases. 
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Australia’s trade with reserve currency country is also an important factor in determining 

the currency composition of FX reserves, but only in the case of trade with USA.  This 

evidence does not support the view proposed by Bergsten (1997a,b) about the potential 

dominance of the euro over the US dollar as the leading reserve currency, on the basis of 

the importance of the combined economic size and trading volume of the eurozone 

countries. 

 

Overall, the values of the adjusted R2 found on the estimations of the three reserve 

currencies suggest that transaction factors are particularly important in the management 

of the dollar reserve share, but less important for the management of the euro and the yen 

reserves. Based on this conclusion, Chapter 6 will extend the analysis by examining the 

degree of relevance of other factors in the management of the composition of FX reserves 

by the RBA, particularly the return and risk factors suggested by the mean-variance 

theory. 
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CHAPTER 6 

The Optimal Currency Composition of Foreign Exchange Reserves of 

Australia 

 

 

 

6.1   INTRODUCTION 

 

The empirical results in Chapter 5 indicate that transaction factors appear to only partly 

explain the currency composition of FX reserves of Australia between the periods of 

March 2000 to December 2006 (see Section 5.5).   Based on that finding, this chapter will 

seek to verify the degree of relevance of other factors in the determination of the 

composition of FX reserves of the RBA during this period, particularly the return and risk 

factors as suggested by the mean variance theory. In doing so, the chapter will utilize the 

mean-variance portfolio optimization model developed by Markowitz (1952) and Tobin 

(1958).   

 

The remainder of the chapter is divided into three sections.  Section 6.2 will review 

previous empirical studies which used the mean-variance framework to verify the degree 

of relevance of profit and risk considerations in the management of currency composition 

of FX reserves of central banks.  These studies were reviewed in general in Chapter 2, but 

the focus here will be on the empirical methodology used, particularly in the study by 

Ben-Bassat (1980).  Methodologies used in the Ben-Bassat (1980) study will provide a 

foundation for Section 6.3, which will develop and implement an appropriate model to 

select the optimal currency composition of FX reserves for the RBA using data from the 
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periods of October 2000 to September 2006.  Section 6.4 will present a detailed 

discussion and analysis of the optimization results.  The section in particular will 

compare the optimal composition of FX reserves selected by the model and the RBA’s 

actual holdings of currency reserves to verify the degree of importance of the return and 

risk factors in the determination of its currency composition of FX reserves in Australia.  

Lastly, Section 6.5 will present a summary of the main findings of the chapter.  

 

This chapter in its completion will be particularly useful to verify the relative importance 

of the transaction factors and the mean-variance factors in the management of reserve 

currencies by an individual country.  In light of the recent developments however, it 

needs to be acknowledged that other considerations beyond portfolio optimization and 

transaction needs may also play a significant role in the way a central banker manages 

their currency composition of FX reserves.  For example, factors such as the importance 

of safe havens for liquidity may now become a priority in the management of financial 

assets.  In the particular context of the RBA, its holdings of FX assets will also be subject 

to political scrutiny.     
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6.2 PREVIOUS STUDIES ON THE USE OF PORTFOLIO OPTIMISATION IN 

THE MANAGEMENT OF FOREIGN CURRENCY RESERVES 

 

6.2.1 Overview 

 

Previous studies on the application of the mean variance theory to select an optimum 

financial asset have mainly dealt with the individual or the firm.54  A few researchers 

including Kenen (1967), Hageman (1969), Steckler and Pickarz (1970) and Makin (1971) 

have applied the theory to study the composition of the national reserve assets managed 

by central banks or government authorities.  Their studies however dealt only with the 

optimum ratio of gold to FX reserve assets instead of the optimum currency composition 

of FX reserve assets.   

 

There appear to have been only three previously published studies, Ben-Bassat (1980), 

Dellas and Chin (1991) and Papaioannou et al. (2006) that have used the theory to 

explain the currency composition of FX reserves in an individual country or different 

groups of nations.  This section will revisit in detail the portfolio optimization model and 

results of the Ben-Bassat study, which was the first to attempt to identify the importance 

of the return and risk considerations in the determination of composition of FX reserves.  

Ben-Bassat (1980) applied the model to FX reserve assets for Israel as well as for 

different groups of nations during the period 1972 to 1976.  A more detailed review of 

the methodologies used in the Ben-Bassat (1980) study is particularly important as it will 

                                                 
54  See Section 2.2 for detailed discussion of the development of the portfolio selection model by 
Markowitz (1952) and Tobin (1958). 
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provide a basis to develop an appropriate model for the similar study which later will be 

conducted in the case of Australia.55 

 

In addition, the section will also revisit the results from the Dellas and Chin (1991) study 

and the Papaioannou et al. (2006) study which also used the mean-variance framework to 

examine the optimal currency of reserves of countries including Korea, Brazil, Russia, 

India and China.  Review of these studies will enable a brief comparison later in the 

chapter on the importance of portfolio optimization in the management of reserve 

currencies in Australia as opposed to the countries in those studies.    

 

 

6.2.2 Methodologies and Results of Ben-Bassat (1980) study 

 

In developing the analytical approach of his study, Ben-Bassat (1980) first argued that 

large industrial countries with floating exchange rates, whose currencies may serve as 

reserves in the portfolios of other countries, are more likely to be concerned about the 

stability of the international monetary system when determining the currency 

composition of FX reserves.  For these countries, profit considerations are of secondary 

importance.  On the other hand, the smaller developing and the semi-industrialized 

countries like Israel are likely to be less concerned about administrative control over the 

international monetary system.  Thus, the allocation of reserves among alternative assets 

                                                 
55  Ben-Bassat (1980) used past data for the period 1972 to 1976 to determine the risk and return optimal 
currency composition of FX reserves for Israel and the different groups of countries for that period.  This 
was then compared to the actual composition during the period to identify the importance of risk and return 
considerations in the management of currency reserves.   
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in these groups of smaller countries should be influenced mainly by profit and liquidity 

considerations (Ben-Bassat, 1980, p. 286).  Ben-Bassat (1980) also emphasized that the 

precautionary motive to facilitate the payment for excess imports strongly influenced the 

choice of currencies which central banks of the developing countries and the semi 

industrialized countries chose to keep as reserves.  This implies that the currencies 

required for payment for imports will be of primary importance in selecting reserve 

currencies. 

 

Based on the above considerations, Ben Bassat (1980) adapted the mean-variance model 

originally developed by Markowitz (1982) and Tobin (1958) to address the problem of 

selecting an optimum currency composition of reserves for smaller countries.  He applied 

the model to examine the composition holdings of FX assets of Israel and of the 

developing and semi industrial groups of nations for the period 1972 to 1976.  The aim of 

the model was to develop the optimum currency composition which minimizes risk at a 

given return where risk and return are expressed in terms of the basket of import 

currencies.  More specifically, the problem is formulated in terms of equations 2.15 and 

2.16 as already described in Section 2.3.  

          

Using the monthly observations of returns, variances and covariances on the major 

reserve currencies and gold for the period 1972 to 1976, Ben-Bassat (1980) estimated the 

efficiency curve for the composition holdings of Israel for that period.56  The efficiency 

                                                 
56  Calculation of the returns, variances and covariances is based on the beginning of month changes in 
exchange rates and on the beginning of month interest rate on monthly Euro deposits.  The distributions of 
return resulting from these observations is assumed to approximate the distribution of the ex ante returns.   
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curve is found to be a concave curve which means that the return increases at a 

diminishing rate with the increases in the variance.  This is consistent with what is 

expected from the original portfolio model of Markowitz (1952) and Tobin (1958).   

 

Three different combinations of assets which each represent the optimal combination for 

a certain desired degree of risk were selected from the efficiency curve.  This approach 

was used as information regarding the preferred risk preference for the central bank of 

Israel was not available.  The optimum low return-risk portfolio turns out to be quite 

similar to the currency composition of the Israeli import basket.  This, according to Ben 

Bassat (1980), was to be expected since a reserve portfolio based on the composition of 

imports reflects a strategy of hedging against fluctuations in the exchange rates of import 

currencies. 

 

Ben Bassat (1980) also estimated an efficiency curve in terms of the US dollars.  The 

estimation is based on the argument that US dollars are a currency which is 

predominantly used by most countries as a unit of account for foreign reserves.   The 

results of the optimum portfolios specified in dollars differ considerably from those in 

import terms.  The optimum holding of the US dollars increased considerably whilst 

several of the currencies in the low return-risk portfolios of the import-weighted 

efficiency curves were not represented at all (or only negligibly) in the portfolios of the 

dollar efficiency curves.   Ben-Bassat (1980) in this case argued that convertibility 

constraints from other currencies to US dollars may explain why fewer currencies are 

used in the optimal portfolio composition of the dollar efficiency curve.    
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To further investigate the importance of profit and risk considerations for the central 

banks in the group of the developing and semi industrial countries, compared with the 

group of the large industrial countries, Ben-Bassat (1980) estimated the import basket 

efficiency curves for the two different groups of nations.  Since information regarding the 

risk preference or the utility function for each country group is not available, Ben-Bassat 

(1980) utilized the Sharpe ratio line as developed by Sharpe and Lintner (1964) to solve 

his portfolio optimization problems (see discussion in Section 2.2.7).  Accordingly, the 

optimum portfolio of risky assets was determined by the point of tangency between the 

efficiency curve and the straight line which rises from the return on risk-free assets.  The 

average of the interest rates on treasury bills of the different reserve currencies used by 

central banks in the two groups of nations is used to represent the risk-free asset rate. 

 

The comparison between the two groups in 1976 shows a closer correspondence between 

the actual and the efficient portfolio for the developing and the semi industrial countries 

than between the actual and efficient portfolios for the industrial countries.  These 

findings provide empirical evidence that confirms Ben-Bassat’s argument that profit 

considerations in practice play a more important role in the developing and the semi 

industrial countries than in the large industrial countries group.    
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6.2.3 Results of Dellas and Chin (1991) study 

 

Dellas and Chin (1991) adapted a similar mean variance framework to that used by Ben 

Bassat (1980) to verify the importance of risk and return considerations in the 

management of currency composition of FX reserves of the Bank of Korea during the 

period 1980 to 1987.    In their study, Dellas and Chin (1991) argued that a more valid 

estimation of the efficiency curve could be obtained by using data on actual invoice 

currencies used for import payments in Korea rather than currency shares by country of 

import during the period.  Section 2.3 provides a more detailed discussion on the 

mathematical formulation of the Dellas and Chin (1991) methodologies.  Result of the 

estimations in the study using invoice currencies showed that the estimated efficient 

composition of currency reserves of Korea during the period was in fact quite similar to 

its actual composition.  These results gave further evidence in support of the importance 

of return and risk factors in the determination of currency composition of FX reserves of 

central banks of smaller countries.  

 

 

6.2.4 Results of Papaioannou et al. (2006) study 

 

Papaioannou et al. (2006) developed a mean variance optimization framework to estimate 

the optimal composition of FX reserve holdings of four large emerging market countries -

Brazil, Russia, India and China.  In a similar fashion to Ben-Bassat’s (1980) use of 

import basket weights to reflect the importance of transaction needs, Papaioannou et al. 
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(2006) incorporated transaction costs and other constraints reflecting central banks’ 

special needs into the model.  Ben-Bassat (1980) and Dellas and Chin (1991) used actual 

data on returns, variances and covariances to perform the portfolio optimization.  

However, Papaioannou et al. (2006) made a range of assumptions about future expected 

returns on assets denominated in different currencies and on the structure of the variance-

covariance matrix in order to estimate what should have been the optimal holding of the 

four countries.  Section 2.3 provides a more detailed review on the methodologies and 

results of the Papaioannou et al. (2006) study. 

 

Three main findings were obtained from Papaioannou et al. (2006) estimation of the 

optimal holdings:  

(i)    When the dollar is used as a reference for the risk free currency, the optimizer will 

match the large share of the US dollar currently held in reserves. 

(ii)  The optimum portfolios show a much lower weight for the euro than is actually 

observed in current holdings.  According to Papaioannou et al. (2006), this suggested that 

the euro may already enjoy an enhanced role as an international reserve currency. 

(iii)  The results of the estimation suggested that growth in issuance of euro-denominated 

securities, the rise in euro zone trade with the key emerging markets, and the increased 

use of the euro as a currency peg were all likely to work towards raising the optimal euro 

shares. 
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6.3 PORTFOLIO OPTIMIZATION OF CURRENCY COMPOSITION OF 

FOREIGN EXCHANGE RESERVES OF AUSTRALIA 

 

6.3.1 Data and Methodology 

 

This section will adapt the methodology of Ben-Bassat (1980) to estimate the optimized 

weights of the holdings of the US dollar, the euro and the yen reserve currencies of the 

RBA using data from the period of October 2000 to September 2006.57  The results of the 

optimization will be compared to the actual holdings of the RBA of the three currencies 

to examine the roles of profit and risk considerations in the determination of currency 

composition of FX reserves in Australia.58  

 

As in the study by Ben-Bassat (1980), the initial aim of the model used here is to develop 

the optimum currency composition which minimizes risk at a given return where risk and 

return are expressed in terms of the import weights basket as displayed in Table 6.1 

below and Appendix J.  The optimized composition of FX reserves of Australia is first 

estimated in terms of the basket of import currencies for three reasons.  Firstly, as argued 

by Ben-Bassat (1980), central banks in general may need to convert FX reserves to the 

currencies of import origin to pay for excess imports when there is instability in the 

                                                 
57 The shorter time period used in the estimation is due to the exchange rate data which is not available for 
the period prior to October 2000. 
  
58 The estimation is only restricted to the holdings of the dollars, the euro and the yen reserves since the 
RBA’s holdings of other reserve currencies are not available individually.  The RBA’s holdings of other 
reserve currencies are very small (less than 4.5% of total reserves in August 2007).  Their exclusions from 
the estimations should therefore have little effect on the results.  
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country’s balance of payments.59  Secondly, the results of the transaction theory 

regressions in Chapter 5 indicate that the share of trade variable plays an important role 

in the determination of currency composition of FX reserves of Australia.60  This 

evidence suggests that it is appropriate to model the optimized composition of FX 

reserves of Australia in terms of its basket of import currencies as argued by Ben-Bassat 

(1980).  Thirdly, the RBA’s management framework discussed in Section 5.2.3 confirms 

that FX reserves in Australia are used to augment domestic liquidity operations and to 

manage day-to-day foreign currency requirements. 

 

Upon completion of the optimization in terms of the import weights basket, the optimized 

portfolio holding of the RBA will be estimated in terms of US dollars.  There are two 

theoretical considerations as to why this alternative estimation may be empirically 

relevant.  Firstly, Ben-Bassat (1980) argued that US dollar is the currency which is 

predominantly used by most countries as the unit of account for published records of 

foreign reserves.  Secondly, US dollars are currently the dominant currency used for 

import payments globally.61   

 

The final estimation will be for the optimized portfolio of the RBA’s holdings of the US 

dollar, euro and yen in terms of the actual invoice currencies used for import payments.  

As argued by Dellas and Chin (1991), a more valid estimation of an efficiency curve and 

                                                 
59  See Heller (1966) for further empirical evidence on this argument.  The empirical results of the Ben-
Bassat (1980) study also confirm the importance of import payments as a motive for central banks to hold 
FX reserves.  
 
60  The share of trade by country for Australia is very similar to the share of imports by country.   
 
61 In Australia for example, on average 52% of the import payments during the period 2002 to 2003 were 
made in US dollars (see Table 6.2).    
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its optimized portfolio may be obtained by using data on actual invoice currencies used 

for import payments rather than data on share of imports.  

 

More specifically, the mathematical formulation of the Ben-Bassat (1980) model as 

adapted for the Australian case is defined below. 
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where: 

2 = total variance of the portfolio consisting of dollars, euro and yen reserves                     

ai   = optimum share of each of the three reserve currencies in the portfolio 

2
i  = variance of the returns on each of dollars, euro or yen denominated assets  

Rij   = correlation coefficient between returns on each of the three reserve currencies  

   =  total return of the portfolio containing the three currencies 

i   = return on each of the three reserve currencies 

 

For the first estimation in terms of the import weights basket, the rate of return on each 

reserve currency (i) is specified to be a function of the rate of return on assets 



 166

denominated in that currency (ri), and the rate of change of the exchange rate of reserve 

currency i in relation to the import currency basket (Ei) as defined below: 

 

1)1/()1(  iii Er                                              (6.2) 

 

Data for the rate of change of exchange rates relative to the import currency basket (Ei) in 

equation 6.04 were taken from the monthly average observations of the exchange rates of 

the dollars, the euro and the yen to the currencies of the sixteen most important import 

partners for Australia during the period of October 2000 to September 2006.62  The 

annual rate of change was calculated as the annual difference of the natural logarithm of 

the exchange rate of each reserve currency to each import currency.63   

 

Weights which reflect the share of imports of Australia from each country were then 

assigned to each individual annual rate of change to obtain the sum of the final rate of 

change of the dollars, the euro and the yen in relation to the import currency basket (Ei) 

for the period of October 2000 to September 2006.  Table 6.1 below displays the import 

share weights assigned to the sixteen import partners for Australia for 2006.  The weights 

used for each of the other years for the period 2000 to 2006 are displayed in Appendix J. 

 

 

 

 
                                                 
62  These sixteen countries contribute 97% of Australia’s total imports. 
 
63   Exchange rate data is obtained from x-rates.com.   
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Table 6.1: Import Share Weights of Australia by Country of Origin (2006) 

 

Import Country  Weights

Eurozone 17%
China 17%
United States of America 16%
Japan 11%
Singapore 7%
Korea 4%
Malaysia 4%
Thailand 4%
United Kingdom 4%
New Zealand 4%
Vietnam 3%
Indonesia 3%
Taiwan 3%
Sweden 2%
Canada 1%

 
Notes: The import share weights are calculated from primary data on merchandise imports by countries for 

Australia from the ABS. 
Source: ABS Statistics Database.   

 

Data for the annual rates of return on dollar, euro or yen denominated assets, (ri) in 

equation 6.4, are based on the 10 year bond rates of the three currencies for the period of 

October 2000 to September 2006, obtained from the World Bank Global Economic 

Indicator Database.  The use of the 10 year bond rates as an approximation for the annual 

rates of return is consistent with the duration composition benchmark used by the RBA, 

which allocates most of its assets to longer term securities, as discussed in Section 5.2.3 

 

The data for ri and Ei were combined to obtain the effective rate of return on the 

investments of assets denominated in each of the three currencies (i) as shown in 

equation 6.4.  The data for i was then substituted into equation 6.3 to derive the 

efficiency curve and the optimized weights for the holdings of the dollar, the euro and the 
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yen reserve currencies.64   Since information regarding the risk-preference of the RBA for 

the period is not available, the optimized weight is obtained using the Sharpe (1964) and 

Lintner’s (1965) method, that is, by finding the point of tangency between the efficiency 

curve and the straight line which rises from the risk-free assets return, as discussed in 

Section 6.2.2.65      

 

The same procedures were followed to obtain the results for the alternative estimations of 

the optimal portfolio in terms of the US dollar, and in terms of the actual invoice 

currencies used for import payments.  For the optimization in terms of US dollars, data 

for Ei was obtained by calculating the annual difference of the natural logarithm of the 

monthly exchange rate of each reserve currency to US dollars.   

 

For the optimization in terms of invoice currencies for import payments, data for Ei was 

based on the monthly exchange rates of the dollar, the euro and the yen to the six most 

important invoice currencies for import payments.  The six most important invoice 

currencies are US dollars, Australian dollars, euros, Japanese yen, pound sterling and 

New Zealand dollars, which together accounted for nearly 97% of all import payments in 

2002/2003. 

                                                 
64 The optimization was performed using the Excel portfolio optimization program.  The method of 
estimation used in the program is based on the mean variance portfolio model developed by Markowitz 
(1952) and Tobin (1958).  
 
65  The proxy for the risk-free rate was obtained by taking a weighted average of the US Treasury Bill rates, 
the European Interbank Offered Rates (EURIOBOR) and the yen certificates of deposit rate for the years 
2000 to 2005, using the method suggested by Ben-Bassat (1980).  Data sources for US Treasury Bill rates, 
EURIOBOR rates and yen certificates of deposit rates: World Bank Global Economic Indicator Database. 
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The annual rate of change of exchange rate between each reserve currency to each 

invoice currency was calculated as the annual difference of the natural logarithms as 

before. Weights which reflect the share of each invoice currency were then assigned to 

each individual annual rate of change to obtain the sum of the final rate of change of 

dollars, the euro and the yen in relation to the invoice currency basket (Ei) for the period 

of October 2000 to September 2006.  Table 6.2 below displays the currency weights 

assigned to the six most important invoice currencies.66   

 

Table 6.2: Invoice Currencies Weights  for Australian Imports  (March 2002 – March 

2003) 

Currency Weights 

   

US dollars 52%
Australian dollars 32%
Euros 9%
Japanese yen 4%
Pound sterling 2%
New Zealand dollars 1%
Total 100%

Source: ABS Statistics Database 

 

 

 

 

 

                                                 
66  Data on invoice currencies are only collected by the ABS at irregular basis.  The 2002/2003 figures of 
invoice currencies displayed above are the latest available data published by ABS. 
   



 170

6.3.2 Results 

 

The efficiency curves derived from the three estimations are displayed in Figures 6.1 to 

6.3 below.  Each curve plots the expected return of the portfolio containing the three 

currencies against the expected risk measured by the standard deviation of the returns on 

each portfolio.  All of the efficiency curves are concave, which confirms that the 

expected return on each portfolio increases at a diminishing rate as expected risk 

increases.  This is consistent with the efficiency curves derived by Ben-Bassat (1980) in 

his studies on Israel and on different groups of countries, and with the shape of the 

efficiency curves expected from the theoretical literature reviewed in Section 2.2.4. 

 

Figure 6.1: Efficiency Curve for Estimation in terms of US Dollars 
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Figure 6.2: Efficiency Curve for Estimation in terms of Import Share Weights 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.3: Efficiency Curve for Estimation in terms of Invoice Currency Weights 
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Table 6.3 below displays the compositions of the optimal portfolios from the three 

estimations.  These portfolios are those which occur at the point of tangency between the 

efficiency curves and the straight line which rises from the 2.5% risk-free rate proxy.67  

Column 1 gives the optimized weights of the holdings of the US dollar, the euro and the 

yen reserves estimated in terms of US dollars.  Columns 2 and 3 give the optimized 

holdings of each of the three reserve currencies estimated in terms of the import basket 

and in terms of the invoice currencies basket.   

 

Table 6.3: Composition of Optimal Portfolios   

 

  Estimation  Estimation  Estimation Actual Currency Actual Currency 

  in terms In terms  in terms Shares of the RBA Shares of the RBA 

  of US dollars of Import Weights of Invoice in Sep-06 in Aug-07 

      Currencies Weights     

  (1) (2) (3) (4) (5) 

US Dollar 
share 86.18% 71.01% 71.25% 55.09% 67.08% 
Euro share 11.31% 27.69% 28.32% 27.23% 24.74% 
Yen share 2.51% 1.30% 0.43% 17.68% 8.18% 

 
 
Notes: Optimum portfolios are estimated using monthly observations on returns, variances and covariances from 
the period of October 2000 to September 2006.   
 
 
 
 
 

Table 6.4 reports the expected rates of return and risk on each asset denominated in the 

different reserve currencies as measured by mean and standard deviation.  The expected 

rates of returns are the average of the past rates of return (i) used to construct the 

optimal portfolios.  In addition, the table also provides the rates of return and risk of the 

whole portfolio in the three different terms of estimations. 

                                                 
67 See Section 6.2.2 for the discussion on the calculation of the proxy for the risk free rate.  
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Table 6.4: Mean and Standard Deviation of Estimate Portfolios of FX Assets  

  

  Estimation in terms Estimation in terms Estimation in terms 

  
of US Dollars 

(1) 
of Import Basket 

(2) 

of Invoice 
Currencies  

(3) 
USD Assets  

Mean rates of return (i)  4.53% 4.39% 4.37% 
Standard Deviation 0.52% 0.56% 0.56% 
        
Euro Assets  

Mean rates of return (i) 4.60% 4.41% 4.39% 
Standard Deviation 0.95% 0.78% 0.77% 
        
Yen Assets  

Mean rates of return (i) 1.37% 1.30% 1.30% 
Standard Deviation 0.26% 0.25% 0.25% 
        
Mean of Portfolio 3.50% 3.37% 3.35% 
SD  0.47% 0.41% 0.41% 
        

 

 

The optimized portfolio estimated in terms of the US dollars suggests that 86% of the 

RBA’s FX assets should be allocated in dollars, whilst only 11% and less than 3% should 

be allocated to the euro and the yen respectively (see column 1 of Table 6.3).  The very 

high allocation to US dollars here is to be expected since, in this estimation, investment 

in dollar denominated assets does not include any exchange rate risk.68   The mean and 

the standard deviation figures displayed in column 1 of Table 6.4 show that investment in 

either dollar or euro denominated assets in this estimation is expected to provide a similar 

                                                 
68  This result is consistent with the finding of Papaioannou et al. (2006).  When the dollar is used as a 
reference for the risk free currency, the optimization conducted in their study also allocates a large holding 
of FX reserves to US dollars. 
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average return of around 4.55%.  The expected risk involved in the US dollar investment 

however is almost half that of the euro investment (SD dollar = 0.52%, SD euro = 0.95%).69  

 

The alternative optimized portfolios estimated in terms of the import basket weights and 

in terms of the invoice currency weights show very similar allocations of assets to the 

three different currencies (see columns 2 and 3 of Table 6.3).  The two estimations 

suggest a lower allocation of US dollar denominated assets (around 71%) relative to that 

of the estimation in terms of US dollars.  In these two portfolios, holdings of the euro 

assets are increased to 28%, whilst holdings of the yen assets fall to a level of around 1% 

only.   

 

The variation in the suggested holdings can be better understood by analyzing the mean 

and the standard deviation figures of these estimations, as presented in columns 2 and 3 

of Table 6.4.   Relative to that of the estimation in US dollars, the mean return of the US 

dollar asset on average is found to be lower at around 4.38%, whilst its expected risk is 

actually higher at a standard deviation of 0.56% in both estimations.  For lower return, 

the RBA would rationally be expected reduce its holding of dollars, particularly when 

risk in the dollar investment has increased.   

 

In the case of the euro, both expected return and risk of assets denominated in this 

currency are lower at an average level of 4.40% and a standard deviation of 0.77%.70  

                                                 
69  The low allocation in yen is explained by the low return of the yen investment (Mean yen =1.30%). 
 
70 The mean and the standard deviation of the yen denominated assets remains constant across the three 
different estimations. 
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The lower return which is compensated with lower risk in the euro investment has in this 

case led to the increased holdings of the currency in the estimations in term of the import 

basket weights and the invoice currency weights.  As discussed previously, the variation 

in risk and return for the US dollar and euro assets in these two alternative estimations is 

likely to be attributable to the exchange rate risk involved in the conversion of each of the 

reserve currencies to the currencies required for making import payments.     

 

However, the results from all three estimations confirm that, to optimize its portfolios, the 

RBA should allocate most of its FX assets to US dollars (around 75% holding on average 

over the three estimations), followed by the euro with 22% holding on average.  In 

regards to the optimized holdings of the yen, allocation in this currency should be fairly 

small (around 0.4% to 2.5% holding only).    

 

The ordering of the currency preference suggested by the estimations is in fact consistent 

with that of the actual holdings of the RBA as displayed previously in Table 6.3 and 

Figure 6.4 below.  Columns 4 and 5 of Table 6.3 show the currency shares of the three 

reserve currencies actually held by the RBA at the end of the period of estimation in 

September 2006, and in August 2007 after allowing a lag of several months for the RBA 

to adjust its holdings.71  Figure 6.4 shows the trend in the RBA’s actual holdings of the 

three reserve currencies between March 2000 and August 2007.   

                                                                                                                                                 
 
71  The actual currency share figures show the relative share of RBA’s holdings of dollar, euro and yen to 
the total holdings of the three reserve currencies.  This is to allow ease of comparison with the results of the 
estimations which include only those three major currencies. 
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The ordering of the currency preference suggested by the estimations is also consistent 

with that of the actual holdings of central banks in the global context.72  These results in 

general support the argument that return and risk factors play a considerable role in the 

management of currency composition of FX reserves by other central banks, as well as 

by the RBA. 

 

Figure 6.4: Actual Composition of FX Reserves of the RBA (March 2000 – August 2007) 
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Source: RBA’s unpublished data. 

 

The optimized compositions estimated in terms of either the import basket weights or the 

invoice currency weights show a much closer correspondence to the trend of the RBA’s 

actual holdings of the three reserve currencies between the periods of March 2000 to 

August 2007, than to that suggested in the estimation in terms of the US dollar.  In the 

estimation in terms of US dollars, the suggested holding of dollars is much higher than 

                                                 
72 As highlighted in Section 4.2.1, between 1980 and 2005, US dollars had continued to maintain its 
dominance as the principal reserve currency globally with an average of 63% of world’s holding of FX 
reserves kept in dollars, followed then by the euro and the yen with 18% and 6% holdings respectively.     
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the RBA’s actual holding of the currency and the suggested holding of the euro is much 

lower than that of the actual holding of the RBA. 

  

The actual holding of the euro by the RBA, at the end of the period of estimation in 

September 2006, was very similar to the optimal holding of the currency as suggested by 

the import weight or the invoice currency weight estimations.   But the actual holding of 

the dollar in that month was lower than the suggested optimal holding, and the actual 

holding of yen was higher than its optimal holding.  In the months since September 2006, 

however, the RBA has altered its FX holdings towards the optimal compositions as 

suggested by the two import weighted estimations.  The actual holding of the dollar in 

particular, has shown an increasing trend to move to a level which is more consistent with 

that of the optimal holding (see Figure 6.4).  In fact, the actual holdings of the FX 

currencies of the RBA in August 2007 are very close to the optimal composition of the 

import weight or the invoice currency weight estimation. 

 

The close correspondence of the optimal composition from the import weighted 

estimations to the RBA’s actual holdings of the three reserve currencies strongly suggest 

that whilst risk and return factors are useful in explaining some aspects of the 

management of FX reserves in Australia, consideration of needs for import payments is 

also relevant in the construction of the optimal composition of reserves by the RBA.  

Thus it can be concluded that both the mean-variance theory and the transaction theory 

are important in playing a combined role in the determination of currency composition of 

FX reserves in Australia.  
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With regard to the question of whether the euro will replace the US dollar as the 

dominant reserve currency in Australia, the overall results of the portfolio optimization 

show that such a shift is not likely to occur in the near future.  The results of the import 

weighted estimations suggest that to optimize the portfolio the bank should keep around 

71% of its FX reserves in US dollars and only 28% in the euro.  This is very close to the 

actual holdings of the RBA.  Thus, unless there are some major changes in the factors 

affecting the decisions to hold the dollar or the euro, it would be quite unlikely for the 

euro to overtake the level of the level of the dollar, which is currently almost three times 

larger than that of the euro. 

  

The estimations show that the dominance of the US dollar as a reserve currency in 

Australia has been the result of by both mean-variance and transaction factors. As shown 

in Table 6.4, investment in US dollar assets is expected to provide mean rates of return of 

around 4.4% in both the import weighted estimations.  This is similar to that of the 

investment in euro, but much better than that of the investment in the yen denominated 

assets.  However, the risk involved in the US dollar investment is considerably lower than 

that of the euro investment (SD dollar = 0.56%, SD euro = 0.78%).  Considered together, the 

results of the optimization estimation and the regression results of Chapter 5 show that 

the dominance of the dollar in Australia has been a product of: 1) the extensive use of the 

currency to facilitate debt service payments, 2) the use of the currency to facilitate 

intervention in the FX market, 3) the continuing use of the currency to make trade 

payments, as well as 4) the return and risk considerations.     
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For Australia, the optimization results also do not confirm the finding of Papaioannou et 

al. (2006).  In this study, the authors found that the current holding of the euro by Korea, 

Brazil, Russia, India and China was already higher than the optimal holding which 

suggests that the euro may already have an enhanced role as international reserve 

currency.  However in the estimation here in terms of the import basket weights or the 

invoice currencies weights, the optimal holding of the euro was still higher than the 

current holding of the euro by the RBA. 

   

Nevertheless, the results of the optimization results overall suggest that the excess 

volatility of exchange rate of the US dollar is likely to be a problem in maintaining 

dominance in the future.  Since transaction factors play a major role in the determination 

of the optimal FX reserves by the RBA, the volatility of US dollar exchange rate becomes 

an important issue.  As previously discussed, in the import weighted estimations where 

both dollar volatility and transaction factors are considered, the optimal holdings of US 

dollars are reduced and the optimal holdings of the euro increased, relative to the 

holdings of both currencies in the US dollar estimation where exchange rate risk was 

irrelevant.  This suggests that when investment in dollar denominated assets poses 

exchange rate risk, the RBA would most likely place more consideration into replacing 

the US dollar with other currencies – amongst which the euro is the most likely potential 

candidate. 
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6.4  CONCLUSION  

 

This chapter has used the mean-variance methodology of Ben-Bassat (1980) to estimate 

the optimal holdings of the US dollar, the euro and the yen reserve currencies for the 

RBA using data from the period of October 2000 to September 2006. The optimal 

holdings of reserve currencies of Australia were estimated in three different terms.  These 

were: (1) estimation in terms of US dollars, (2) estimation in terms of the import basket 

weights and (3) estimation in terms of the invoice currency weights. 

 

The optimized portfolio estimated in terms of US dollars suggests a higher allocation of 

assets in US dollars, relative to those suggested in the import weighted estimations.  This 

is to be expected since, in the US dollar estimation, investment in dollar denominated 

assets does not include any exchange rate risk.  

 

Results from all three estimations however confirm that, to optimize its portfolios, the 

RBA should allocate most of its FX assets to US dollars (around 75% holding on 

average) followed by the euro with 22% holding on average.  However, the results 

suggest that allocation in the yen should be fairly small (around 0.4% to 2.5% holding 

only).  The ordering of the currency preference suggested by the estimations is consistent 

with that of the actual holdings of the RBA, and with that of the actual holdings of central 

banks in the global context.  These results in general support the argument that return and 

risk factors play a considerable role in the management of currency composition of FX 

reserves by other central banks, as well as by the RBA. 



 181

The optimal portfolio holdings suggested in the import weighted estimations however 

show much closer correspondence to the RBA’s actual holdings of the three reserve 

currencies, relative to that of the estimations in the US dollar terms. This indicates that 

whilst risk and return factors are useful in explaining some aspects of the management of 

FX reserves in Australia, consideration of needs for import payments is also relevant in 

the construction of the optimal composition of reserves by the RBA.  This finding 

supports the role of transaction factors suggested by the results of the estimations in 

Chapter 4 and 5.  Thus it can be concluded that both the mean-variance theory and the 

transaction theory are important in playing a combined role in the determination of 

currency composition of FX reserves in Australia.  

 

With regard to the question of whether the euro will replace the US dollar as the 

dominant reserve currency in Australia, the overall results of the portfolio optimization 

show that such a shift is not likely to occur in the near future. Nevertheless, the results of 

the optimization results also suggest that the excess volatility of exchange rate of the US 

dollar is likely to be a problem in maintaining dominance in the future.  

 

In the light of the current financial crisis however, the results obtained in this chapter may 

still not be sufficient to give exact guidance on the issue of the potential dominance of the 

euro over the dollar in the future holding of the RBA.  The question of whether the euro 

would become a dominant reserve currency in Australia may more likely be determined 

by the eurozone’s standing in the world economy than its role in an optimally determined 

portfolio of the RBA.  As stated in Section 6.1, other consideration like the urgent needs 
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for liquidity may also need to be incorporated in the existing portfolio optimization 

model to make more accurate predictions in the future.     
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CHAPTER 7 

CONCLUSION  

 

 

7.1  The Issue  

 

The US dollar has been the major currency held by central banks in their FX reserves 

since the pound sterling lost its supremacy in the 1950s.  However, the continued 

dominance of the US dollar as the principal reserve currency is now in question.  The 

creation of the euro in 1999, which offered a serious alternative to the US dollar, and the 

increased volatility of the external value of the US dollar in recent years have created 

pressure for central banks globally to rethink the strategies used to manage their 

portfolios of FX reserves. This study has investigated the determinants of the currency 

composition of FX reserves of the central banks of a wide range of countries, covering an 

extended period which includes the period after the introduction of the euro.  In addition, 

the study has also sought to shed light on the question of whether a major shift of 

reserves held in US dollars into other currencies (the euro in particular) is likely to occur 

in the future. 

 

To date, the transaction theory and the mean-variance theory have provided the main 

conceptual frameworks used to study the determinants of FX reserves.  The transaction 

theory argues that central banks will maintain larger shares of their reserves in the 

currencies which are of greater importance in facilitating the transaction activities of the 

bank, such as the financing of foreign trade and the settlement of foreign debt obligations.  
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By contrast, the mean-variance theory argues that the risks and returns associated with 

holding reserve assets denominated in different currencies are the factors that will be 

most important for central banks in managing the composition of their FX reserves.  

Whilst these two theories have been useful in identifying factors which may affect FX 

reserve holdings, the empirical literature based on them has been very limited in number 

with regard to both the range and number of countries covered.  This study seeks to make 

a contribution in that regard 

 

 

7.2  Summary of the Main Findings 

 

This study firstly used the methodologies of Eichengreen (1998) and Chinn and Frankel 

(2005) to develop a framework for empirical estimation based on the transaction theory. 

This framework was then used to provide recent empirical evidence on the transaction 

factors that affect the holdings of reserve currencies for central banks globally, and for 

two sub-groups of countries - namely, the group of developed nations and the group of 

developing nations.   

 

The study then examined in more detail the management of FX reserves in a single 

country, Australia.  The empirical framework developed by Dooley et al (1989) was first 

used to evaluate the different transaction factors relevant to the management of FX 

reserves by the RBA.  To provide a more complete picture, the study then investigated 

the relevance of the mean-variance factors in this particular case, following a similar 

approach to that used by Ben-Bassat (1980).  
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Throughout the study, estimation results were analyzed to shed light on the question of 

whether or not the US dollar is likely to maintain its principal reserve currency status.  

The analysis enabled identification of a set of likely responses that were common to 

central banks as a group globally, central banks in each of the two sub-groups of 

developed and developing nations, and the central bank in an individual country, the 

RBA.  At the same time, some significant differences were also noted across these 

groupings.     

 

Chapter 1 listed a number of specific research questions, reproduced below for 

convenience.  The results of empirical analyses in Chapters 4 to 6 suggest the following 

answers to each of these questions. 

 

1) How well do the factors suggested by the transaction theory explain the management 

of currency composition of FX reserves globally over recent years? 

The results indicate that two transaction factors, the lagged share of reserve currency, and 

the share of trade of the currency country, are important in the determination of the 

currency composition of FX reserves globally.  The significance of the lagged reserve 

share variable confirms that incumbency advantage plays an essential part in the holdings 

of a particular currency as reserve.  The relative volumes of the US trade and of the 

Japanese trade with the world, in particular, were found to be particularly significant in 

explaining holdings of the US dollar and the Japanese yen in global reserves.  This 

finding is consistent with the argument that as currency countries increase their trade 

volume with the rest of the world, other nations will tend to hold more of that country’s 

currency in their reserves for trade payment purposes.  These results confirm that trade 
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and incumbency advantage remain the most important transaction factors influencing 

holdings of reserve currencies.  

 

By contrast, the relative size of GDP of the currency countries was found to be not 

significant in explaining holdings of global reserve currencies.  These results are 

therefore not supportive of the argument put forward by Bergsten (1997b) that the size of 

the EMU economy, which is now larger than the US economy, may provide the impetus 

for the euro to overtake the dollar as the leading reserve currency.   

 

2) How do developed and developing countries differ in the management of their 

portfolios of reserve currencies, particularly in their attitudes towards the dollar versus 

the euro? 

The study found that incumbency advantage is a key factor in the management of 

currency composition of reserves in both the developed countries group and the 

developing countries group. Amongst the developed nations group, the study found a 

stronger incumbency advantage effect for the US dollar relative to that for the euro.  By 

contrast for developing countries, the incumbency effect was stronger for the euro 

relative to the dollar.  This finding is consistent with recent developments amongst  

developing countries, some of which are now placing more emphasis on maintaining and 

possibly increasing their holdings of the euro, as opposed to their previous emphasis on 

maintaining their principal holdings in US dollars. 
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Trade was found to be an important variable in explaining holdings of the US dollar and 

the yen amongst the developing countries.  This result is consistent with the estimation 

results for global holdings of FX reserves.  But in the developed countries group, the 

trade variable was found to be significant only in explaining holdings of the yen.  GDP 

on the other hand, does not have a significant effect in explaining the holdings of the 

different currencies as reserve for either sub-group of countries, which again is consistent 

with the results of central banks globally. 

 

All in all, the results show that there are significant differences between the two groups 

of countries in their attitudes towards the management of FX reserve currencies.  For the 

developed countries, the incumbency advantage of the US dollar appears to remain the 

primary concern.  However, the developing countries appear to place less emphasis on 

past holdings of the US dollar and more emphasis on other transaction factors such as 

trade.   

 

3) What changes have occurred in the management of the currency composition of 

reserves following the introduction of the euro in 1999? 

When the period since the introduction of the euro is included, incumbency advantage is 

found to have remained a significant factor, and has generally increased in importance for 

the determination of the holdings of reserve currencies amongst both developed and 

developing countries groups.  US trade, however, has become less important in 

determining the holdings of the US dollar reserve for the two sub groups of countries in 



 188

the post euro era.  Conversely, the trade variable for Japan has become more important in 

the determination of the holdings of the yen reserves for developing countries. 

 

In general, the evidence obtained from the post euro period seems to indicate that the 

euro has had little impact in how central banks manage their holdings of reserves. The 

importance of incumbency advantage as a key factor in managing FX is likely to assist in 

the maintenance of the US dollar holdings, which currently still account for almost 70% 

of the global reserves.  Amongst developing nations however, the incumbency advantage 

effect of the US dollar in the post euro period has been found to be weaker compared 

than that of the euro, suggesting that for these countries at least, the euro has begun to 

show some of its appeal as a reserve currency. 

 

4) How well do the factors suggested by the transaction theory explain the management 

of FX reserves in Australia? 

Three transaction factors were found to be important in explaining the currency 

composition of FX reserves in Australia.  The results suggest that if Australia is required 

to make more debt service payments on liabilities in a certain currency, the RBA will 

increase holdings of that currency as reserves. Results of the empirical estimations also 

confirm that in practice the RBA uses FX reserve currencies to maintain a capacity to 

intervene in the FX markets. In particular, the RBA is expected to increase their holdings 

of the US dollar and the euro reserve currencies as intervention in the FX markets 

increases.  
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Australia’s trade with reserve currency country is also found to be an important factor in 

determining the currency composition of FX reserves, but only in the case of trade with 

the USA.  Again, this evidence does not support the view proposed by Bergsten (1997) 

that the potential for the dominance of the euro over the US dollar as the leading reserve 

currency will be based on the potential growth in the trading volume of the eurozone 

countries. 

 

Whilst these three transaction factors have played an important part in explaining the 

currency composition of FX reserves in Australia, other factors may also have some 

impact on the way the RBA manages its reserve currencies.  To provide a more complete 

picture, the study then investigated the degree of relevance of other factors in the 

determination of the composition of FX reserves of the RBA, particularly the return and 

risk factors as suggested by the mean variance theory. 

 

5) How relevant are the factors suggested by the mean-variance theory in the 

determination of shares of FX reserves in Australia?  

Based on the theoretical framework derived from the mean-variance theory, the study 

estimated the optimal holdings of the reserve currencies for Australia in three alternative 

forms - in terms of US dollars, in terms of import basket weights, and in terms of invoice 

currency weights.  Results from all three estimations confirm that, to optimize its 

portfolios, the RBA should allocate most of its FX assets to US dollars, followed by the 

euro and the yen in that order.   
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The ordering of the currency preference suggested by the estimations was consistent with 

that of the actual holdings of the RBA, and with that of the actual holdings of central 

banks globally.  These results in general support the argument that return and risk factors 

play a considerable role in the management of currency composition of FX reserves by 

central banks, as well as by the RBA. 

 

The optimal portfolio holdings suggested in the import weighted estimations however 

show much closer correspondence to the RBA’s actual holdings of the three reserve 

currencies, relative to that of the estimations in the US dollar terms. This indicates that 

whilst risk and return factors are useful in explaining some aspects of the management of 

FX reserves in Australia, consideration of needs for import payments is also relevant to 

the construction of the optimal composition of reserves by the RBA. All in all, it can be 

concluded that both the mean-variance theory and the transaction theory are important in 

playing a combined role in the determination of currency composition of FX reserves in 

Australia.  

 

6) Overall, is it likely that the US dollar will maintain its principal reserve currency 

status? Are there any similarities in the likely responses by central banks globally, by 

central banks in the sub-groups of developed or developing nations, and by the RBA?  

What differences are likely to occur?     

Evidence obtained in the estimations of the world group data indicates that the US dollar 

is likely to remain as the principal reserve currency for central banks globally.  The 

significance of the incumbency advantage and the importance of the US trade with the 
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rest of the world will be of most benefit in maintaining the principal position of the US 

dollar, as the US trade share is currently still larger than that of the eurozone.   

 

The results also showed that GDP sizes of the currency countries were not significant in 

explaining global reserve currencies holdings.  These findings are not supportive of the 

argument that the size of the EMU economy, which is now larger than the US economy, 

may provide the impetus for the euro to overtake the dollar as the leading reserve 

currency. 

 

Amongst developed countries particularly, the US dollar is also likely to continue to be 

the dominant reserve currency in the future.  Incumbency advantage of the US dollar was 

found to be the primary concern for the developed countries in managing their currency 

composition of FX reserves, and was also found to be relatively stronger than the 

incumbency advantage of the euro or other reserve currencies.  

  

However, the results of the study indicate that developing countries are now considering 

placing more emphasis on keeping and possibly increasing their holdings of euro, as 

opposed to maintaining their principal holdings in US dollars. It appears that past 

holdings of the US dollar are of secondary importance for these countries. The 

incumbency advantage effect of the US dollar at the post euro period was found to be 

relatively weaker compared to that of the euro, suggesting that for these countries at least, 

the US dollar has begun to lose some of its appeal as a reserve currency. 
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In the case of Australia, the study finds that it is unlikely that the RBA will switch its 

holdings of reserves from the US dollar to the euro in the near future.  Compared to other 

reserve currencies, the US dollar reserve is found to be more important in facilitating the 

various transaction activities of Australia. The overall results of the portfolio optimization 

also show that such a shift is not likely to occur in the near future. Nevertheless, the 

results of the optimization results suggest that the high volatility of exchange rate of the 

US dollar is likely to be a problem in maintaining its dominance in the future 

 

 

7.3  Directions for Further Research 

 

The development of the literature in this field would benefit from empirical estimations 

covering an even more extended time period, and a wider range of countries than in this 

study.  The use of extended data in the future, which covers a longer time period since the 

introduction of the euro in 1999, will provide a more complete picture on the issue of 

whether or not the euro is likely to overtake the position of the US dollar as the principal 

reserve currency.  It will also be helpful to examine the impacts of the changing 

economic situations in USA towards the holdings of the US dollar reserve by central 

banks globally.   

 

To date, there appears to have been no research conducted in an individual developing 

country with respect to these issues due to difficulties in obtaining relevant data.  Further 

research on individual developing countries would be useful to further verify the factors 
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which may be relevant in the management of reserve currencies in this important group.  

It is also hoped that in the future it would be possible to acquire data and more 

information on a broader range of factors that may particularly affect the currency 

composition of FX reserves in the emerging market economies which have recently 

played a much greater role in the accumulation of FX reserves.  For example, it would be 

of interest to examine whether or not the different determinants suggested by the 

transaction theory and the mean-variance theory would be of significant importance in 

the management of FX reserves in countries like China.  

 

In light of the current global financial meltdown, other factors such as the importance of 

safe havens for liquidity may now play a more dominant role in the management of FX 

reserves by central banks.  A further study which incorporates relevant determinants in a 

financial distress situation and use of future data would therefore be valuable to enrich 

the discussion in this regard. 

  

Estimations using net rather than gross data would also be helpful to further assess the 

usefulness of the mean-variance theory. Such estimations will again depend critically on 

the availability of relevant data.  
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Appendix A 
 
RESULTS OF STATIONARITY TESTING OF THE VARIABLES IN GROUPED 

DATA ESTIMATIONS 

 
 
The results of stationarity testing are presented in Tables A.1 to A.32 for the variables 

used in the estimations of the grouped data in Chapter 4.  The procedure calculates the 

ETA(mu) and ETA(tau) statistics from Kwiatowski, Phillips, Schmidt & Shin (KPSS) 

tests.  ETA(mu) test the null hypothesis that X(t) is stationary around a level, while 

ETA(tau) test the null that X(t) is trend stationary.  Sufficient lags were included to 

ensure that the test is not biased if autocorrelation exists.  Details of the test can be found 

in found in KPSS (1992). 

 
Table A.1 Variable tested: Global share of US dollar holding 

Table A.2 Variable tested: Global share of Japanese yen holding 

Table A.3 Variable tested: Global share of pound sterling holding 

Table A.4 Variable tested: Global share of euro holding 

Table A.5 Variable tested: Share of US dollar holding in developed countries group 

Table A.6 Variable tested: Share of yen holding in developed countries group  

Table A.7 Variable tested: Share of pound sterling holding in developed countries group  

Table A.8 Variable tested: Share of euro holding in developed countries group  

Table A.9 Variable tested: Share of US dollar holding in developing countries group 

Table A.10 Variable tested: Share of yen holding in developing countries group  

Table A.11 Variable tested: Share of pound sterling holding in developing countries group 

Table A.12 Variable tested: Share of euro holding in developing countries group  

Table A.13 Variable tested: Global share of US GDP 

Table A.14 Variable tested: Global share of Japan GDP  

Table A.15 Variable tested: Global share of UK GDP 

Table A.16 Variable tested: Global share of Eurozone GDP 
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Table A.17 Variable tested: Global share of US trade 

Table A.18 Variable tested: Global share of Japan trade 

Table A.19 Variable tested: Global share of UK trade 

Table A.20 Variable tested: Global share of Eurozone trade 

Table A.21 Variable tested: Inflation rate differential of US relative to global average 

Table A.22 Variable tested: Inflation rate differential of Japan relative to global average 

Table A.23 Variable tested: Inflation rate differential of UK relative to global average 

Table A.24 Variable tested: Inflation rate differential of Eurozone relative to global 

average 

Table A.25 Variable tested: Inflation rate differential of US relative to developed   

countries average 

Table A.26 Variable tested: Inflation rate differential of Japan relative to developed 

countries average 

Table A.27 Variable tested: Inflation rate differential of UK relative to developed 

countries average 

Table A.28 Variable tested: Inflation rate differential of Eurozone relative to developed 

countries average 

Table A.29 Variable tested: Inflation rate differential of US relative to developing 

countries average 

Table A.30 Variable tested: Inflation rate differential of Japan relative to developing 

countries average 

Table A.31 Variable tested: Inflation rate differential of UK relative to developing 

countries average 

Table A.32 Variable tested: Inflation rate differential of Eurozone relative to developing 

countries average 

 
 
 
 
 
 
 
 
 



 196

 
Table A.1: Variable: Global Share of US Dollar Holding –  Stationarity Testing of 
Variables using  Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.53012 
For lag = 1 ETA(mu) = 0.28266** 
For lag = 2 ETA(mu) = 0.2009**
For lag = 3 ETA(mu) = 0.16130** 
For lag = 4 ETA(mu) = 0.14086** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.5026 
For lag = 1 ETA(tau) = 0.2684 
For lag = 2 ETA(tau) = 0.19039* 
For lag = 3 ETA(tau) = 0.15386* 
For lag = 4 ETA(tau) = 0.13478** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 

 

Table A.2: Variable: Global Share of Japanese Yen Holding –  Stationarity Testing of 
Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.70745 
For lag = 1 ETA(mu) = 0.39034** 
For lag = 2 ETA(mu) = 0.28636** 
For lag = 3 ETA(mu) = 0.23654** 
For lag = 4 ETA(mu) = 0.20894** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.56574 
For lag = 1 ETA(tau) = 0.31382 
For lag = 2 ETA(tau) = 0.23177 
For lag = 3 ETA(tau) = 0.19276* 
For lag = 4 ETA(tau) = 0.17159* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.3: Variable: Global Share of Poundsterling Holding –  Stationarity Testing of 
Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.38396** 
For lag = 1 ETA(mu) = 0.26885** 
For lag = 2 ETA(mu) = 0.24828** 
For lag = 3 ETA(mu) = 0.26724** 
For lag = 4 ETA(mu) = 0.31571** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 

For lag = 0  ETA(tau) = 0.09602** 
For lag = 1 ETA(tau) = 0.06958** 
For lag = 2 ETA(tau) = 0.06604** 
For lag = 3 ETA(tau) = 0.07473** 
For lag = 4 ETA(tau) = 0.09600** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 

 

Table A.4: Variable: Global Share of Euro Holding –  Stationarity Testing of Variables 
using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 1.45844 
For lag = 1 ETA(mu) = 0.81122 
For lag = 2 ETA(mu) = 0.60705* 
For lag = 3 ETA(mu) = 0.51411* 
For lag = 4 ETA(mu) = 0.46540* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.20526* 
For lag = 1 ETA(tau) = 0.12423** 
For lag = 2 ETA(tau) = 0.10172** 
For lag = 3 ETA(tau) = 0.09410** 
For lag = 4 ETA(tau) = 0.09189** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 



 198

 

Table A.5: Variable: Share of US Dollar Holding in Developed Countries Group  –  
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
For lag = 0  ETA(mu) = 0.58903* 
For lag = 1 ETA(mu) = 0.31400** 
For lag = 2 ETA(mu) = 0.22157** 
For lag = 3 ETA(mu) = 0.17765** 
For lag = 4 ETA(mu) = 0.15366** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.59083 
For lag = 1 ETA(tau) = 0.31489 
For lag = 2 ETA(tau) = 0.22213 
For lag = 3 ETA(tau) = 0.17804 
For lag = 4 ETA(tau) = 0.15392 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.6: Variable: Share of Yen Holding in Developed Countries Group –  Stationarity 
Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.55714* 
For lag = 1 ETA(mu) = 0.32151** 
For lag = 2 ETA(mu) = 0.24858** 
For lag = 3 ETA(mu) = 0.21512** 
For lag = 4 ETA(mu) = 0.19687** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.46949 
For lag = 1 ETA(tau) = 0.27278 
For lag = 2 ETA(tau) = 0.21259* 
For lag = 3 ETA(tau) = 0.18552* 
For lag = 4 ETA(tau) = 0.17123* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.7: Variable: Share of Poundsterling Holding in Developed Countries Group –  
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
 
For lag = 0  ETA(mu) = 1.37929 
For lag = 1 ETA(mu) = 0.79783 
For lag = 2 ETA(mu) = 0.60777* 
For lag = 3 ETA(mu) = 0.52075* 
For lag = 4 ETA(mu) = 0.47335* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.26657 
For lag = 1 ETA(tau) = 0.16556* 
For lag = 2 ETA(tau) = 0.13696** 
For lag = 3 ETA(tau) = 0.13165** 
For lag = 4 ETA(tau) = 0.13559** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.8: Variable: Share of Euro Holding in Developed Countries Group –  
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
 
For lag = 0  ETA(mu) = 0.63032* 
For lag = 1 ETA(mu) = 0.37251** 
For lag = 2 ETA(mu) = 0.30023** 
For lag = 3 ETA(mu) = 0.27335** 
For lag = 4 ETA(mu) = 0.26030** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 

For lag = 0  ETA(tau) = 0.22794* 
For lag = 1 ETA(tau) = 0.1393** 
For lag = 2 ETA(tau) = 0.11627** 
For lag = 3 ETA(tau) = 0.10881** 
For lag = 4 ETA(tau) = 0.1043** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.9: Variable: Share of US Dollar Holding in Developing Countries Group  –  
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
 
For lag = 0  ETA(mu) = 0.49748* 
For lag = 1 ETA(mu) = 0.31878** 
For lag = 2 ETA(mu) = 0.24702** 
For lag = 3 ETA(mu) = 0.21437** 
For lag = 4 ETA(mu) = 0.19766** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.1878* 
For lag = 1 ETA(tau) = 0.12437** 
For lag = 2 ETA(tau) = 0.09979** 
For lag = 3 ETA(tau) = 0.0905** 
For lag = 4 ETA(tau) = 0.05794** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.10: Variable: Share of Yen Holding in Developing Countries Group –  
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
 
For lag = 0  ETA(mu) = 0.68244* 
For lag = 1 ETA(mu) = 0.3919** 
For lag = 2 ETA(mu) = 0.29178** 
For lag = 3 ETA(mu) = 0.24324** 
For lag = 4 ETA(mu) = 0.21619** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.49656 
For lag = 1 ETA(tau) = 0.28687 
For lag = 2 ETA(tau) = 0.21518 
For lag = 3 ETA(tau) = 0.18075 
For lag = 4 ETA(tau) = 0.16216 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 



 201

Table A.11: Variable: Share of Poundsterling Holding in Developing Countries Group –  
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
 
For lag = 0  ETA(mu) = 0.59193* 
For lag = 1 ETA(mu) = 0.35642** 
For lag = 2 ETA(mu) = 0.26796**
For lag = 3 ETA(mu) = 0.22293** 
For lag = 4 ETA(mu) = 0.20076** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.2249 
For lag = 1 ETA(tau) = 0.13866** 
For lag = 2 ETA(tau) = 0.10868** 
For lag = 3 ETA(tau) = 0.09416** 
For lag = 4 ETA(tau) = 0.0887** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.12 Variable: Share of Euro Holding in Developing Countries Group –  
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
 
For lag = 0  ETA(mu) = 1.70781 
For lag = 1 ETA(mu) = 0.93060 
For lag = 2 ETA(mu) = 0.67372* 
For lag = 3 ETA(mu) = 0.55014* 
For lag = 4 ETA(mu) = 0.47951** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 

For lag = 0  ETA(tau) = 0.45708 
For lag = 1 ETA(tau) = 0.26962 
For lag = 2 ETA(tau) = 0.20843 
For lag = 3 ETA(tau) = 0.18160 
For lag = 4 ETA(tau) = 0.16784 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.13 Variable: Global Share of US GDP –  Stationarity Testing of Variables using   
Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.92650 
For lag = 1 ETA(mu) = 0.55246* 
For lag = 2 ETA(mu) = 0.43770** 
For lag = 3 ETA(mu) = 0.38973** 
For lag = 4 ETA(mu) = 0.36885** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.25635 
For lag = 1 ETA(tau) = 0.15599* 
For lag = 2 ETA(tau) = 0.12706** 
For lag = 3 ETA(tau) = 0.11885** 
For lag = 4 ETA(tau) = 0.12016** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
 
Table A.14 Variable: Global Share of Japan GDP –  Stationarity Testing of Variables 
using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 1.68996 
For lag = 1 ETA(mu) = 0.90169 
For lag = 2 ETA(mu) = 0.63758* 
For lag = 3 ETA(mu) = 0.50836* 
For lag = 4 ETA(mu) = 0.434** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.62793 
For lag = 1 ETA(tau) = 0.33558 
For lag = 2 ETA(tau) = 0.2387 
For lag = 3 ETA(tau) = 0.19156* 
For lag = 4 ETA(tau) = 0.16516* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.15 Variable: Global Share of UK GDP –  Stationarity Testing of Variables using   
Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 2.46093 
For lag = 1 ETA(mu) = 1.34433 
For lag = 2 ETA(mu) = 0.95278 
For lag = 3 ETA(mu) = 0.75457 
For lag = 4 ETA(mu) = 0.63633* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.11415** 
For lag = 1 ETA(tau) = 0.07426** 
For lag = 2 ETA(tau) = 0.06523** 
For lag = 3 ETA(tau) = 0.0651** 
For lag = 4 ETA(tau) = 0.07077** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
 
Table A.16 Variable: Global Share of Eurozone GDP –  Stationarity Testing of Variables 
using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 

For lag = 0  ETA(mu) = 2.36211 
For lag = 1 ETA(mu) = 1.29234 
For lag = 2 ETA(mu) = 0.92676 
For lag = 3 ETA(mu) = 0.74515 
For lag = 4 ETA(mu) = 0.63775* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 

For lag = 0  ETA(tau) = 0.27935 
For lag = 1 ETA(tau) = 0.16134* 
For lag = 2 ETA(tau) = 0.12591** 
For lag = 3 ETA(tau) = 0.11251** 
For lag = 4 ETA(tau) = 0.10913** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.17 Variable: Global Share of US Trade –  Stationarity Testing of Variables 
using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.38582** 
For lag = 1 ETA(mu) = 0.24455** 
For lag = 2 ETA(mu) = 0.19684** 
For lag = 3 ETA(mu) = 0.17733** 
For lag = 4 ETA(mu) = 0.17003** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.35318 
For lag = 1 ETA(tau) = 0.22108 
For lag = 2 ETA(tau) = 0.17581* 
For lag = 3 ETA(tau) = 0.15639* 
For lag = 4 ETA(tau) = 0.14806* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.18 Variable: Global Share of Japan Trade –  Stationarity Testing of Variables 
using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 1.43196 
For lag = 1 ETA(mu) = 0.79050
For lag = 2 ETA(mu) = 0.56987* 
For lag = 3 ETA(mu) = 0.46110** 
For lag = 4 ETA(mu) = 0.39847** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.49925 
For lag = 1 ETA(tau) = 0.29565 
For lag = 2 ETA(tau) = 0.22286 
For lag = 3 ETA(tau) = 0.18907* 
For lag = 4 ETA(tau) = 0.17207* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
 
 
 



 205

Table A.19 Variable: Global Share of UK Trade –  Stationarity Testing of Variables 
using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 1.25875 
For lag = 1 ETA(mu) = 0.81200 
For lag = 2 ETA(mu) = 0.65343* 
For lag = 3 ETA(mu) = 0.57536* 
For lag = 4 ETA(mu) = 0.52692* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.24127 
For lag = 1 ETA(tau) = 0.16223* 
For lag = 2 ETA(tau) = 0.13731** 
For lag = 3 ETA(tau) = 0.12830** 
For lag = 4 ETA(tau) = 0.12508** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.20 Variable: Global Share of Eurozone Trade –  Stationarity Testing of 
Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.51449* 
For lag = 1 ETA(mu) = 0.31920**
For lag = 2 ETA(mu) = 0.25226** 
For lag = 3 ETA(mu) = 0.21527** 
For lag = 4 ETA(mu) = 0.19255** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.31586 
For lag = 1 ETA(tau) = 0.19604* 
For lag = 2 ETA(tau) = 0.15662* 
For lag = 3 ETA(tau) = 0.13557** 
For lag = 4 ETA(tau) = 0.12331** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.21 Variable: Inflation Rate Differential of USA Relative to Global Average-
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
 
For lag = 0  ETA(mu) = 0.68870* 
For lag = 1 ETA(mu) = 0.37500** 
For lag = 2 ETA(mu) = 0.27336**
For lag = 3 ETA(mu) = 0.22545** 
For lag = 4 ETA(mu) = 0.19868** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.46058 
For lag = 1 ETA(tau) = 0.25361 
For lag = 2 ETA(tau) = 0.18709* 
For lag = 3 ETA(tau) = 0.1563* 
For lag = 4 ETA(tau) = 0.13953** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.22 Variable: Inflation Rate Differential of Japan Relative to Global Average-
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
 
For lag = 0  ETA(mu) = 0.71617* 
For lag = 1 ETA(mu) = 0.38984** 
For lag = 2 ETA(mu) = 0.28373** 
For lag = 3 ETA(mu) = 0.23418** 
For lag = 4 ETA(mu) = 0.20692** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.43487 
For lag = 1 ETA(tau) = 0.23949 
For lag = 2 ETA(tau) = 0.17644* 
For lag = 3 ETA(tau) = 0.14762* 
For lag = 4 ETA(tau) = 0.13238** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.23 Variable: Inflation Rate Differential of UK Relative to Global Average-
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
 
For lag = 0  ETA(mu) = 0.54121* 
For lag = 1 ETA(mu) = 0.30059** 
For lag = 2 ETA(mu) = 0.22291**
For lag = 3 ETA(mu) = 0.18640** 
For lag = 4 ETA(mu) = 0.16583** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.45316 
For lag = 1 ETA(tau) = 0.25343 
For lag = 2 ETA(tau) = 0.18923* 
For lag = 3 ETA(tau) = 0.15934* 
For lag = 4 ETA(tau) = 0.1427** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.24 Variable: Inflation Rate Differential of Eurozone Relative to Global 
Average-Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin 
(KPSS) test. 
 
For lag = 0  ETA(mu) = 0.35305** 
For lag = 1 ETA(mu) = 0.20280** 
For lag = 2 ETA(mu) = 0.16115** 
For lag = 3 ETA(mu) = 0.14555** 
For lag = 4 ETA(mu) = 0.13855** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.33074 
For lag = 1 ETA(tau) = 0.19010* 
For lag = 2 ETA(tau) = 0.15131* 
For lag = 3 ETA(tau) = 0.13702** 
For lag = 4 ETA(tau) = 0.1308** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.25 Variable: Inflation Rate Differential of USA Relative to Developed Countries 
Average-Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin 
(KPSS) test. 
 
For lag = 0  ETA(mu) = 1.1964 
For lag = 1 ETA(mu) = 0.68546* 
For lag = 2 ETA(mu) = 0.52730*
For lag = 3 ETA(mu) = 0.45649** 
For lag = 4 ETA(mu) = 0.42113** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.08707** 
For lag = 1 ETA(tau) = 0.05767** 
For lag = 2 ETA(tau) = 0.05277** 
For lag = 3 ETA(tau) = 0.05599** 
For lag = 4 ETA(tau) = 0.06615** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.26 Variable: Inflation Rate Differential of Japan Relative to Developed 
Countries Average-Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt 
& Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 1.34233 
For lag = 1 ETA(mu) = 0.75387 
For lag = 2 ETA(mu) = 0.56740* 
For lag = 3 ETA(mu) = 0.47559* 
For lag = 4 ETA(mu) = 0.41973** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.43837 
For lag = 1 ETA(tau) = 0.26486 
For lag = 2 ETA(tau) = 0.21055* 
For lag = 3 ETA(tau) = 0.18378* 
For lag = 4 ETA(tau) = 0.16809* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.27 Variable: Inflation Rate Differential of UK Relative to Developed Countries 
Average-Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin 
(KPSS) test. 
 
For lag = 0  ETA(mu) = 0.55947* 
For lag = 1 ETA(mu) = 0.37903** 
For lag = 2 ETA(mu) = 0.32958**
For lag = 3 ETA(mu) = 0.31713** 
For lag = 4 ETA(mu) = 0.32351** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.09737** 
For lag = 1 ETA(tau) = 0.06695** 
For lag = 2 ETA(tau) = 0.06009** 
For lag = 3 ETA(tau) = 0.06063** 
For lag = 4 ETA(tau) = 0.06665** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.28 Variable: Inflation Rate Differential of Eurozone Relative to Developed 
Average-Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin 
(KPSS) test. 
 
For lag = 0  ETA(mu) = 0.37672** 
For lag = 1 ETA(mu) = 0.23685** 
For lag = 2 ETA(mu) = 0.20496** 
For lag = 3 ETA(mu) = 0.19637** 
For lag = 4 ETA(mu) = 0.1957** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.15783* 
For lag = 1 ETA(tau) = 0.10189** 
For lag = 2 ETA(tau) = 0.09144** 
For lag = 3 ETA(tau) = 0.09132** 
For lag = 4 ETA(tau) = 0.09544** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.29 Variable: Inflation Rate Differential of US Relative to Developing Countries 
Average-Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin 
(KPSS) test. 
 
For lag = 0  ETA(mu) = 0.60579* 
For lag = 1 ETA(mu) = 0.33227** 
For lag = 2 ETA(mu) = 0.24377**
For lag = 3 ETA(mu) = 0.20180** 
For lag = 4 ETA(mu) = 0.17883** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.44752 
For lag = 1 ETA(tau) = 0.24727 
For lag = 2 ETA(tau) = 0.18263* 
For lag = 3 ETA(tau) = 0.15284* 
For lag = 4 ETA(tau) = 0.13673** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.30 Variable: Inflation Rate Differential of Japan Relative to Developing 
Countries Average - Stationarity Testing of Variables using Kwiatowski, Phillips, 
Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.61026* 
For lag = 1 ETA(mu) = 0.33478** 
For lag = 2 ETA(mu) = 0.24511** 
For lag = 3 ETA(mu) = 0.20330** 
For lag = 4 ETA(mu) = 0.18032** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.43908 
For lag = 1 ETA(tau) = 0.24270 
For lag = 2 ETA(tau) = 0.17918* 
For lag = 3 ETA(tau) = 0.15001* 
For lag = 4 ETA(tau) = 0.13439** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table A.31 Variable: Inflation Rate Differential of UK Relative to Developing Countries 
Average - Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin 
(KPSS) test. 
 
For lag = 0  ETA(mu) = 0.55986* 
For lag = 1 ETA(mu) = 0.30894** 
For lag = 2 ETA(mu) = 0.22749**
For lag = 3 ETA(mu) = 0.18941** 
For lag = 4 ETA(mu) = 0.16831** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.44561 
For lag = 1 ETA(tau) = 0.24746 
For lag = 2 ETA(tau) = 0.18346* 
For lag = 3 ETA(tau) = 0.15388* 
For lag = 4 ETA(tau) = 0.13778** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
Table A.32 Variable: Inflation Rate Differential of Eurozone Relative to Developing 
Countries Average - Stationarity Testing of Variables using Kwiatowski, Phillips, 
Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.51085** 
For lag = 1 ETA(mu) = 0.28271** 
For lag = 2 ETA(mu) = 0.21100** 
For lag = 3 ETA(mu) = 0.17862** 
For lag = 4 ETA(mu) = 0.16097** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.42105 
For lag = 1 ETA(tau) = 0.23388 
For lag = 2 ETA(tau) = 0.17545* 
For lag = 3 ETA(tau) = 0.14947* 
For lag = 4 ETA(tau) = 0.13558** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Appendix B 
 
CORRRELATION MATRICES OF THE INDEPENDENT VARIABLES IN 

GROUPED DATA ESTIMATION 

 

Tables B.1 to B.12 show the correlation matrices between each of the independent 

variables used in the estimations of the grouped data in Chapter 4.  The estimations are 

said to be free from multicollinearity if the correlation coefficients between all pairs of 

the independent variables are lower than │0.8│ (Gujarati, 1995).   

 
 
 
Table B.1 Correlation matrices between the global share of US GDP, the share of US 

trade and the inflation rate differential of USA to the global average. 

Table B.2 Correlation matrices between the global share of Japan GDP, the global share 

of Japan export and the inflation rate differential of Japan to the global 

average. 

Table B.3 Correlation matrices between the global share of UK GDP, the global share of 

UK export and the inflation rate differential of UK to the global average. 

Table B.4 Correlation matrices between the global share of Eurozone GDP, the global 

share of Eurozone export and the inflation rate differential of Eurozone to the 

global average. 

Table B.5 Correlation matrices between the global share of US GDP, the share of US 

trade and the inflation rate differential of USA to the developed countries 

average. 

Table B.6 Correlation matrices between the global share of Japan GDP, the global share 

of Japan export and the inflation rate differential of Japan to the developed 

countries average. 

Table B.7 Correlation matrices between the global share of UK GDP, the global share of 

UK export and the inflation rate differential of UK to the developed countries 

average. 
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Table B.8 Correlation matrices between the global share of Eurozone GDP, the global 

share of Eurozone export and the inflation rate differential of Eurozone to the 

developed countries average. 

Table B.9 Correlation matrices between the global share of US GDP, the share of US 

trade and the inflation rate differential of USA to the developing countries 

average. 

Table B.10 Correlation matrices between the global share of Japan GDP, the global share 

of Japan export and the inflation rate differential of Japan to the developing 

countries average. 

Table B.11 Correlation matrices between the global share of UK GDP, the global share 

of UK export and the inflation rate differential of UK to the developing 

countries average. 

Table B.12 Correlation matrices between the global share of Eurozone GDP, the global 

share of Eurozone export and the inflation rate differential of Eurozone to the 

developing countries average. 
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Table B.1 Correlation matrices between the share of US GDP, the share of US trade and 

the inflation rate differential of USA to the global average. 

  Global share Global share Inflation differential 

  of US GDP of US export of USA to the global 

      average 

Global share       
of US GDP 1     

        
Global share       
of US export 0.692 1   

        

Inflation differential       
of USA to the global -0.307 -0.375 1 

average       
 

 

 

 

 

Table B.2 Correlation matrices between the global share of Japan GDP, the global share 

of Japan export and the inflation rate differential of Japan to the global average. 

  Global share Global share Inflation differential 

  of Japan GDP of Japan export 
of Japan to the 

global 
      average 

Global share       
of Japan GDP 1     

        

Global share       
of Japan export 0.856 1   

        
Inflation differential       

of Japan to the global -0.726 -0.687 1 
average       
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Table B.3 Correlation matrices between the global share of UK GDP, the global share of 

UK export and the inflation rate differential of UK to the global average. 

  Global share Global share Inflation differential 

  of UK GDP of UK export of UK to the global 
      average 

Global share       
of UK GDP 1     

        
Global share       
of UK export 0.763 1   

        
Inflation differential       
of UK to the global -0.149 -0.17 1 

average       
 
 
 
 
 
 
 
Table B.4 Correlation matrices between the global share of Eurozone GDP, the global 

share of Eurozone export and the inflation rate differential of Eurozone to the global 

average. 

 
  Global share Global share Inflation differential 
  of Eurozone GDP of Eurozone export of Eurozone to the  
      global average 

Global share       
of Eurozone GDP 1     

        
Global share       

of Eurozone export 0.317 1   
        

Inflation differential       
of Eurozone to the  -0.207 -0.353 1 

global average       
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Table B.5 Correlation matrices between the share of US GDP, the share of US trade and 

the inflation rate differential of USA to the developed countries average. 

  Global share Global share Inflation differential 

  of US GDP of US export of USA to developed 

      countries average 

Global share       
of US GDP 1     

        
Global share       
of US export 0.692 1   

        

Inflation differential       
of USA to developed -0.264 -0.169 1 

countries average       
 
 
 
 
 
 
 
Table B.6 Correlation matrices between the global share of Japan GDP, the global share 

of Japan export and the inflation rate differential of Japan to the developed countries 

average. 

  Global share Global share Inflation differential 

  of Japan GDP of Japan export of Japan to developed 
      countries average 

Global share       
of Japan GDP 1     

        

Global share       
of Japan export 0.856 1   

        
Inflation differential       

of Japan to developed -0.098 -0.029 1 
countries average       
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Table B.7 Correlation matrices between the global share of UK GDP, the global share of 

UK export and the inflation rate differential of UK to the developed countries 

average. 

  Global share Global share Inflation differential 

  of UK GDP of UK export of UK to the developed 
      countries average 

Global share       
of UK GDP 1     

        
Global share       
of UK export 0.763 1   

        
Inflation differential       

of UK to the developed  0.449 0.413 1 
countries average       

 

 

 

 

Table B.8 Correlation matrices between the global share of Eurozone GDP, the global 

share of Eurozone export and the inflation rate differential of Eurozone to the 

developed countries  average. 

  Global share Global share Inflation differential 

  of Eurozone GDP of Eurozone export 
of Eurozone to 

developed  

      countries average 

Global share       
of Eurozone GDP 1     

        
Global share       

of Eurozone export 0.317 1   
        

Inflation differential       
of Eurozone to developed   0.264 0.441 1 

countries average       
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Table B.9 Correlation matrices between the share of US GDP, the share of US trade and 

the inflation rate differential of USA to the developing countries average. 

  Global share Global share Inflation differential 

  of US GDP of US export of USA to developing 

      countries average 

Global share       
of US GDP 1     

        
Global share       
of US export 0.692 1   

        

Inflation differential       
of USA to developing -0.280 -0.360 1 

countries average       
 
 
 
 
 
 
Table B.10 Correlation matrices between the global share of Japan GDP, the global share 

of Japan export and the inflation rate differential of Japan to the developing countries 

average. 

  Global share Global share Inflation differential 

  of Japan GDP of Japan export of Japan to developing 
      countries average 

Global share       
of Japan GDP 1     

        

Global share       
of Japan export 0.856 1   

        
Inflation differential       

of Japan to developing -0.688 -0.653 1 
countries average       
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Table B.11 Correlation matrices between the global share of UK GDP, the global share 

of UK export and the inflation rate differential of UK to the developing 

countries average. 

  Global share Global share Inflation differential 

  of UK GDP of UK export of UK to the developing 
      countries average 

Global share       
of UK GDP 1     

        
Global share       
of UK export 0.763 1   

        
Inflation differential       

of UK to the developing  -0.173 0.195 1 
countries average       

 

 

 

 

 

Table B.12 Correlation matrices between the global share of Eurozone GDP, the global 

share of Eurozone export and the inflation rate differential of Eurozone to the 

developing countries average. 

  Global share Global share Inflation differential 

  of Eurozone GDP of Eurozone export 
of Eurozone to 

developing 
      countries average 

Global share       
of Eurozone GDP 1     

        
Global share       

of Eurozone export 0.317 1   
    

Inflation differential       
of Eurozone to developing   -0.300 -0.450 1 

countries average       
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Appendix C 
 
RESULTS OF SERIAL CORRELATION TESTING OF RESIDUALS IN THE 

GROUPED DATA ESTIMATIONS 

 

Tables C.1 to C.3 show the results of the Durbin h test for serial correlation for each 

estimation on the grouped data in Chapter 4.  The Durbin h test adjusts the Durbin-

Watson (DW) d statistic to test for serial correlation in the presence of a lagged 

dependent variable (Studenmud 1992, p.489).  The procedure tests the null hypothesis 

that there is no serial correlation, against the alternative hypothesis that there is serial 

correlation.   

 

Table C.1 Results of the Durbin h tests for serial correlation on the estimations of the 

world grouped data.  

Table C.2 Results of the Durbin h tests for serial correlation on the estimations of the 

developed countries grouped data.  

Table C.3 Results of the Durbin h tests for serial correlation on the estimations of the 

developing countries grouped data.  
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Table C.1 Results of the Durbin h tests for serial correlation on the estimations of the 

world grouped data.  

 

  US dollar share Yen share Pound sterling share Euro share 
  estimation estimation estimation estimation 
Linear form estimation -0.434** 0.353** N/A 2.078* 
          
Logit form estimation -0.461** 0.231** N/A 2.755* 
          
Linear form estimation without -0.635** 0.328** N/A 2.256* 
the inflation differential variable         
          
Logit form estimation without -0.644** 0.256** N/A 2.754* 
the inflation differential variable         
          

*   not significant at 1% level of significance 
** not significant at 5% level of significance 
 
 
 
 
 
 
 
Table C.2 Results of the Durbin h tests for serial correlation on the estimations of the 

developed countries grouped data.  

 

  US dollar share Yen share Pound sterling share Euro share 
  estimation estimation estimation estimation 
Linear form estimation -0.446** 2.314* 2.421* 1.605* 
          
Logit form estimation -0.500** 2.329* 2.051* 1.857* 
          
Linear form estimation without -0.428** 1.450** 2.094* N/A 
the inflation differential variable         
          
Logit form estimation without -0.495** 1.539** 2.109* N/A 
the inflation differential variable         
          

*   not significant at 1% level of significance 
** not significant at 5% level of significance 
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Table C.3 Results of the Durbin h tests for serial correlation on the estimations of the 

developing countries grouped data.  

 

  US dollar share Yen share Pound sterling share Euro share 
  estimation estimation estimation estimation 
Linear form estimation -2.784 -1.129** N/A 0.148** 
          
Logit form estimation -2.923 -1.110** N/A -0.083** 
          
Linear form estimation without -1.207** -1.168** 0.104** 0.075** 
the inflation differential variable         
          
Logit form estimation without -1.213** -1.142** 0.031** -0.154** 
the inflation differential variable         
          

*   not significant at 1% level of significance 
** not significant at 5% level of significance 
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Appendix D 
 
 
DETAILED RESULTS OF GROUPED DATA ESTIMATIONS 

 

Tables D.1 to D.12 give detailed results of each system estimation on the currency 

composition of FX reserves of the world group, the developed countries group and the 

developing countries group in Chapter 4.   

 
 
Table D.1 System Estimations on World Countries Group (1980-2005); Logistic 

functional form used on reserve currencies shares variable 

Table D.2 System Estimations on World Countries Group (1980-2005); Linear  

functional form used on reserve currencies shares variable 

Table D.3 System Estimations on Developed Countries Group (1980-2005); Logistic 

functional form used on reserve currencies shares variable 

Table D.4 System Estimations on Developed Countries Group (1980-2005); Linear 

functional form used on reserve currencies shares variable 

Table D.5 System Estimations on Developing Countries Group (1980-2005); Logistic 

functional form used on reserve currencies shares variable 

Table D.6 System Estimations on Developing Countries Group (1980-2005); Linear 

functional form used on reserve currencies shares variable 

Table D.7 System Estimations on World Countries Group (1980-1998); Logistic 

functional form used on reserve currencies shares variable 

Table D.8 System Estimations on Developed Countries Group (1980-1998); Logistic 

functional form used on reserve currencies shares variable 

Table D.9 System Estimations on Developing Countries Group (1980-1998); Logistic 

functional form used on reserve currencies shares variable 
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Table D.1: System Estimations on World Countries Group (1980-2005); Logistic 

functional form used on reserve currencies shares variable 

 
System 1: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -3.373 1.944 0.406* 0.682** 0.830
reserves (4.181) (1.182) (0.210) (0.133)  
  (-0.807) (1.644) (1.934) (5.110)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  2.453 2.894** 0.083 0.690** 0.894
of reserves (2.018) (1.236) (0.130) (0.087)  
  (1.216) (2.342) (0.642) (7.900)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -2.562 -3.496 -0.037 0.207 0.288
reserves (8.879) (2.547) (0.132) (0.173)  
  (-0.289) (-1.372) (-0.280) (1.197)   

 
 
 
System 2 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -4.886 1.950* 0.285 0.755** 0.831
reserves (3.890) (1.059) (0.197) (0.125)  
  (-1.256) (1.841) (1.449) (6.049)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  4.320* 1.841 0.081 0.671** 0.898
of reserves (2.376) (1.439) (0.138) (0.097)  
  (1.819) (1.279) (0.585) (6.907)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -1.732 -0.053 0.04 0.685** 0.747
reserves (1.179) (0.599) (0.118) (0.167)  
  (-1.469) (-0.088) (0.374) (4.100)   
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System 3 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -4.734 1.973* 0.318 0.727** 0.831
reserves (3.864) (1.053) (0.196) (0.124)  
  (-1.225) (1.874) (1.629) (5.878)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -6.649 -3.016 -0.053 0.141** 0.295
reserves (9.724) (2.951) (0.135) (0.214)  
  (-0.684) (-1.022) (-0.391) (0.658)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -2.285* 0.043 0.040 0.617** 0.751
reserves (1.164) (0.599) (0.118) (0.167)  
  (-1.963) (-0.071) (0.337) (3.699)   

 
 
 
 
System 4 
 
Variable Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  2.775 2.775** 0.131 0.725** 0.891
of reserves (2.028) (1.226) (0.128) (0.086)  
  (1.368) (2.263) (1.018) (8.389)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -3.783 -3.087 -0.022 0.247 0.284
reserves (8.854) (2.542) (0.131) (0.176)  
  (-0.427) (-1.214) (-0.167) (1.406)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -2.5518 0.501 0.090 0.580** 0.758
reserves (1.309) (0.647) (0.125) (0.178)  
  (-1.949) (0.774) (0.717) (3.254)   

 
Notes: System R2 approximately equal to 0.99. 
Standard errors in first parentheses.  T statistics in second parentheses.   
System equations estimated using SUR method. 
** significant at 5% level of significance 
* significant at 10% level of significance 
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Table D.2 System Estimations on World Countries Group (1980-2005); Linear 

functional form used on reserve currencies shares variable 

 
System 1: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -2.040 1.0493 0.218* 0.679** 0.832
reserves (2.231) (0.629) (0.113) (0.135)  
  (-0.914) (1.668) (1.920) (5.031)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  0.162 0.426* 0.006 0.665** 0.866
of reserves (0.276) (0.137) (0.018) (0.097)  
  (0.589) (2.604) (0.328) (6.873)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 0.009 -0.262* -0.002 0.237 0.340
reserves (0.507) (0.148) (0.008) (0.173)  
  (0.018) (-1.768) (-0.214) (1.368)   

 
 
 
System 2: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -2.859 1.053* 0.144 0.766** 0.832
reserves (2.077) (0.566) (0.106) (0.126)  
  (-1.377) (1.859) (1.348) (6.074)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  0.425 0.251 0.004 0.651** 0.871
of reserves (0.333) (0.199) (0.020) (0.112)  
  (1.278) (1.263) (0.183) (5.830)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -0.589 -0.039 0.018 0.700** 0.770
reserves (0.393) (0.200) (0.040) (0.162)  
  (-1.500) (-0.197) (0.456) (4.329)   
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System 3: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -2.866 1.081* 0.153 0.753** 0.833
reserves (2.071) (0.566) (0.106) (0.126)  
  (-1.383) (1.911) (1.441) (5.988)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -0.254 -0.240 -0.003 0.200 0.348
reserves (0.576) (0.178) (0.008) (0.221)  
  (-0.441) (-1.352) (-0.339) (0.903)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -0.720* -0.173 -0.018 0.660** 0.772
reserves (0.389) (0.200) (0.040) (0.162)  
  (-1.851) (-0.087) (0.452) (4.082)   

 
 
 
System 4: 
 
Variable Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  0.192 0.414** 0.012 0.707** 0.862
of reserves (0.280) (0.164) (0.018) (0.097)  
  (0.686) (2.519) (0.687) (7.300)   

 UK share of UK share Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -0.062 -0.238 -0.008 0.286 0.339
reserves (0.508) (0.149) (0.008) (0.176)  
  (-0.122) (-1.597) (-0.107) (1.620)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -0.834* 0.133 0.034 0.605** 0.778
reserves (0.436) (0.216) (0.043) (0.172)  
  (-1.914) (0.616) (0.803) (3.523)   

 
Notes: System R2 approximately equal to 0.99. 
Standard errors in first parentheses.  T statistics in second parentheses.   
System equations estimated using SUR method. 
** significant at 5% level of significance 
* significant at 10% level of significance 
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Table D.3 System Estimations on Developed Countries Group (1980-2005); Logistic 

functional form used on reserve currencies shares variable 

 
System 1: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -9.806 2.081 -0.090 0.888** 0.858
reserves (6.309) (1.924) (1.892) (0.890)  
  (-1.554) (1.082) (-0.048) (9.982)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  2.490 4.357* 2.229* 0.394** 0.871
of reserves (3.000) (2.205) (1.181) (0.133)  
  (0.830) (1.976) (1.888) (2.963)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -2.584 0.966 -1.494 0.582** 0.747
reserves (2.211) (4.963) (1.535) (0.162)  
  (-1.169) (0.195) (-0.973) (3.598)   

 
 
 
System 2: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -9.360 2.151 0.013 0.877** 0.858
reserves (5.785) (1.738) (1.782) (0.085)  
  (-1.618) (1.237) (0.007) (10.262)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  4.439 3.573 2.396* 0.429** 0.875
of reserves (3.106) (2.288) (1.290) (0.144)  
  (1.429) (1.562) (1.858) (2.978)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -2.203 0.186 0.402 0.428** 0.606
reserves (1.300) (0.815) (0.245) (0.168)  
  (-1.695) (0.228) (1.641) (2.543)   
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System 3: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -9.466 2.279 0.163 0.889** 0.858
reserves (5.770) (1.737) (1.778) (0.085)  
  (-1.641) (1.312) (0.092) (10.411)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -3.519 4.040 -2.137 0.498** 0.747
reserves (2.222) (5.183) (1.599) (0.166)  
  (-1.584) (0.780) (-1.336) (3.005)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -2.431* 0.070 0.430* 0.383** 0.602
reserves (1.259) (0.800) (0.239) (0.163)  
  (-1.931) (0.087) (1.803) (2.349)   

 
 
 
 
System 4: 
 
Variable Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  2.649 4.216* 2.183* 0.394** 0.870
of reserves (2.980) (2.188) (1.179) (0.133)  
  (0.889) (1.927) (1.852) (2.969)   

 UK share of UK share Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -3.033 1.678 -1.757 0.529** 0.746
reserves (2.136) (4.797) (1.499) (0.157)  
  (-1.420) (0.350) (-1.172) (3.361)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -2.321* 0.261 0.550* 0.374** 0.627
reserves (1.334) (0.861) (0.267) (0.174)  
  (-1.740) (0.303) (2.060) (2.151)   

 
Notes: System R2 approximately equal to 0.99. 
Standard errors in first parentheses.  T statistics in second parentheses.   
System equations estimated using SUR method. 
** significant at 5% level of significance 
* significant at 10% level of significance 
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Table D.4 System Estimations on Developed Countries Group (1980-2005); Linear 

functional form used on reserve currencies shares variable 

 
System 1: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -5.218 1.269 0.071 0.934** 0.863
reserves (3.228) (0.987) (0.965) (0.089)  
  (-1.616) (1.286) (0.074) (10.510)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  0.290 0.601* 0.383** 0.301** 0.816
of reserves (0.440) (0.305) (0.165) (0.151)  
  (0.659) (1.970) (2.320) (1.990)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -1.193 0.119 -0.045 0.496** 0.716
reserves (0.740) (0.171) (0.053) (0.171)  
  (-1.613) (0.692) (-0.840) (2.898)   

 
 
 
System 2: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -5.037 1.277 -0.014 0.907** 0.863
reserves (3.018) (0.910) (0.922) (0.086)  
  (-1.669) (1.404) (-0.015) (10.550)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  0.542 0.486 0.387** 0.354** 0.822
of reserves (0.452) (0.311) (0.177) (0.161)  
  (1.199) (1.560) (2.189) (2.197)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -0.705 0.033 0.157** 0.443** 0.624
reserves (0.421) (0.274) (0.081) (0.172)  
  (-1.676) (0.119) (1.934) (2.572)   
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System 3: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -5.311* 1.376 0.158 0.928** 0.863
reserves (2.998) (0.906) (0.917) (0.086)  
  (-1.772) (1.519) (0.173) (10.844)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -1.411* 0.173 -0.053 0.430** 0.715
reserves (0.752) (0.180) (0.055) (0.176)  
  (-1.877) (0.962) (-0.953) (2.436)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -0.753* -0.020 0.181 0.420** 0.628
reserves (0.413) (0.273) (0.080) (0.170)  
  (-1.820) (-0.072) (2.260) (2.475)   

 
 
 
System 4: 
 
Variable Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  0.343 0.566* 0.368** 0.310** 0.817
of reserves (0.436) (0.301) (0.164) (0.151)  
  (0.787) (1.880) (2.240_ (2.059)   

 UK share of UK share Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -1.298* 0.132 -0.051 0.470** 0.715
reserves (0.728) (0.169) (0.053) (0.169)  
  (-1.782) (0.781) (-0.966) (2.782)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -0.738 0.051 0.210** 0.403** 0.640
reserves (0.435) (0.288) (0.088) (0.179)  
  (-1.697) (0.178) (2.383) (2.253)   

 
Notes: System R2 approximately equal to 0.98. 
Standard errors in first parentheses.  T statistics in second parentheses.   
System equations estimated using SUR method. 
** significant at 5% level of significance 
* significant at 10% level of significance 
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Table D.5 System Estimations on Developing Countries Group (1980-2005); Logistic 

functional form used on reserve currencies shares variable 

 
System 1: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -7.308* 3.960** 0.107* 0.315* 0.560
reserves (3.878) (1.342) (0.055) (0.175)  
  (-1.885) (2.951) (1.969) (1.799)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  0.562 3.595* -0.023 0.531** 0.780
of reserves (3.150) (1.824) (0.057) (0.145)  
  (0.179) (1.971) (-0.403) (3.655)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 2.503* -6.554 0.039 0.536** 0.441
reserves (1.340) (4.201) (0.064) (0.180)  
  (1.871) (-1.560) (0.609) (2.979)   

 
 
 
System 2: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -6.078 4.282** 0.131* 0.271 0.566
reserves (3.727) (1.222) (0.054) (0.165)  
  (-1.631) (3.504) (2.447) (1.634)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  1.751 2.806 -0.024 0.544** 0.781
of reserves (3.229) (1.881) (0.057) (0.149)  
  (0.593) (1.492) (-0.415) (3.651)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -2.846** 0.357 0.002 0.835** 0.885
reserves (0.944) (0.535) (0.046) (0.114)  
  (-3.014) (0.667) (0.042) (7.310)   

 
 
 



 233

 
System 3: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -5.616 3.332** 0.099* 0.405* 0.541
reserves (3.286) (1.070) (0.051) (0.145)  
  (-1.709) (3.113) (1.935) (2.788)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 2.154 -5.440 0.028 0.467** 0.441
reserves (1.361) (4.305) (0.064) (0.181)  
  (1.583) (-1.264) (0.448) (2.587)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -2.903** 0.736 0.020 0.823** 0.887
reserves (0.924) (0.523) (0.046) (0.112)  
  (-3.141) (1.407) (0.432) (7.322)   

 
 
 
System 4: 
 
Variable Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  1.262 3.418* -0.013 0.551** 0.779
of reserves (3.133) (1.811) (0.057) (0.144)  
  (0.402) (1.888) (-0.222) (3.819)   

 UK share of UK share Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 2.842* -6.610 0.043 0.540** 0.442
reserves (1.451) (4.462) (0.066) (0.203)  
  (-1.959) (-1.482) (0.650) (2.665)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -2.734* 0.511 0.020 0.814** 0.886
reserves (1.115) (0.641) (0.049) (0.127)  
  (-2.453) (0.798) (0.419) (6.412)   

 
Notes: System R2 approximately equal to 0.97. 
Standard errors in first parentheses.  T statistics in second parentheses.   
System equations estimated using SUR method. 
** significant at 5% level of significance 
* significant at 10% level of significance 
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Table D.6 System Estimations on Developing Countries Group (1980-2005); Linear 

functional form used on reserve currencies shares variable 

 

System 1: 

 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -3.951* 2.158** 0.060** 0.268 0.557
reserves (2.077) (0.714) (0.029) (0.177)  
  (-1.902) (3.021) (2.088) (1.516)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  -0.0482 0.504* -0.005 0.486** 0.732
of reserves (0.443) (0.256) (0.008) (0.153)  
  (-0.109) (1.964) (-0.591) (3.172)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 2.176* -0.567 0.004 0.590** 0.516
reserves (1.101) (0.345) (0.054) (0.173)  
  (1.976) (-1.644) (0.778) (3.406)   

 
 
 
System 2: 

 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -3.234 2.181** 0.066* 0.298 0.554
reserves (1.925) (0.630) (0.028) (0.162) 

  (-1.681) (3.464) (2.358) (1.847)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  0.101 0.389 -0.005 0.495** 0.734
of reserves (0.456) (0.266) (0.008) (0.158)  
  (0.222) (1.461) (-0.651) (3.126)   

 
Eurozone share 

of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euro share of -0.938** 0.122 0.002 0.867** 0.901
reserves (0.321) (0.178) (0.015) (0.112)  
  (-2.919) (0.685) (0.111) (7.757)   
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System 3: 

 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -3.383* 1.908** 0.055* 0.365** 0.541
reserves (1.751) (0.572) (0.027) (0.147)  
  (-1.933) (3.336) (2.043) (2.485)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 2.010* -0.512 0.003 0.535** 0.515
reserves (1.128) (0.355) (0.005) (0.177)  
  (1.782) (-1.442) (0.621) (3.054)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euro share of -0.952** 0.200 0.006 0.853** 0.902
reserves (0.317) (0.175) (0.015) (0.111)  
  (-3.007) (1.143) (0.425) (7.702)   

 
 
 
 
System 4: 

 
Variable Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  -0.003 0.497* -0.004 0.489** 0.732
of reserves (0.443) (0.256) (0.008) (0.153)  
  (0.006) (1.939) (-0.517) (3.190)   

 UK share of UK share Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 2.513** -0.605 0.004 0.602** 0.515
reserves (1.175) (0.362) (0.005) (0.191)  
  (2.139) (-1.674) (0.814) (3.155)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of  Eurozone to the world share   

Euro share of -0.896** 0.141 0.006 0.851** 0.902
reserves (0.382) (0.215) (0.016) (0.123)  
  (-2.347) (0.660) (0.375) (6.925)   

 
Notes: System R2 approximately equal to 0.97. 
Standard errors in first parentheses.  T statistics in second parentheses.   
System equations estimated using SUR method. 
** significant at 5% level of significance 
* significant at 10% level of significance 
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Table D.7 System Estimations on World Countries Group (1980-1998); Logistic 

functional form used on reserve currencies shares variable 

 

System 1: 

Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -3.853 5.356** 0.406* 0.786** 0.837
reserves (5.994) (2.360) (0.224) (0.148)  

  (-0.643) (2.269) (1.810) (5.321)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  -0.398 1.813 -0.091 0.666** 0.814
of reserves (5.187) (1.615) (0.191) (0.112)  

  (-0.077) (1.122) (-0.476) (5.931)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -11.207 9.145 -0.248 0.086 0.228
reserves (13.191) (7.834) (0.185) (0.201)  
  (-0.850) (1.167) (-1.338) (0.429)   

 

 

System 2: 

Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -4.458 6.055** 0.342 0.820** 0.837
reserves (5.910) (2.416) (0.222) (0.149)  

  (-0.737) (2.506) (1.544) (5.497)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  3.637 1.951 0.031 0.623** 0.819
of reserves (6.034) (1.588) (0.205) (0.121)  

  (0.603) (1.229) (0.153) (5.147)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euro share of -0.274 0.749 -0.025* 0.488* 0.481
reserves (1.473) (0.732) (0.129) (0.233)  

  (-0.186) (1.023) (-0.192) (2.092)   
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System 3: 

Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -5.152 5.291* 0.379 0.779** 0.871
reserves (5.964) (2.526) (0.225) 0.152)  

  (-0.864) (2.095) (1.688) (5.117)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -17.392 15.709 -0.278 0.078 0.245
reserves (13.633) (9.122) (0.193) (0.235)  

  (-1.276) (1.722) (-1.444) (0.332)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -0.770 0.969 -0.022 0.438* 0.495
reserves (1.498) (0.808) (0.133) (0.242)  
  (-0.514) (1.200) (-0.162) (1.809)   

 

 

System 4: 

Variable Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  -0.653 2.072 -0.084 0.704** 0.807
of reserves (5.307) (1.548) (0.190) (0.115)  

  (-0.123) (1.338) (-0.441) (6.118)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -10.330 6.884 -0.178 0.150 0.203
reserves (13.213) (8.137) (0.186) (0.210)  

  (-0.782) (0.846) (-0.954) (0.714)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euro share of -1.195 0.921 -0.035 0.401 0.497
reserves (1.508) (0.745) (0.131) (0.238)  
  (-0.793) (1.236) (-0.270) (1.686)   

 
Notes: System R2 approximately equal to 0.93. 
Standard errors in first parentheses.  T statistics in second parentheses.   
System equations estimated using SUR method. 
** significant at 5% level of significance 
* significant at 10% level of significance 

 



 238

 

Table D.8 System Estimations on Developed Countries Group (1980-1998); Logistic 

functional form used on reserve currencies shares variable 

System1: 

Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -5.094 7.634* -2.235 0.928** 0.884
reserves (8.723) (4.340) (2.417) (0.131)  

  (-0.584) (1.759) (-0.925) (7.063)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  2.848 4.392* 3.273** 0.281 0.823
of reserves (5.328) (2.508) (1.351) (0.170)  

  (0.534) (1.751) (2.423) (1.654)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -5.202 -5.928 -1.358 0.453** 0.793
reserves (2.734) 13.474 (1.864) (0.175)  
  (-1.902) -0.440 (-0.729) (2.588)   

 

 

System 2: 

Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -2.720 8.066* -1.771 0.925** 0.883
reserves (8.004) (4.182) (2.302) (0.129)  

  (-0.340) (1.929) (-0.769) (7.192)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  4.348 4.191 3.182* 0.306 0.827
of reserves (5.848) (2.788) (1.632) (0.203)  

  (0.744) (1.503) (1.950) (1.505)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euro share of -1.570 0.480 0.414 0.397* 0.590
reserves (2.154) (1.024) (0.282) (0.210)  
  (-0.729) (0.468) (1.467) (1.892)   
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System 3: 

Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -3.598 6.987 -1.397 0.900** 0.883
reserves (8.041) (4.200) (2.308) (0.128)  

  (-0.447) (1.664) (-0.606) (7.042)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -7.242** 9.232 -3.292 0.343* 0.779
reserves (2.620) (13.937) (1.963) (0.181)  

  (-2.721) (0.663) (-1.677) (1.900)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -2.004 0.152 0.417 0.357* 0.580
reserves (1.957) (0.976) (0.260) (0.191)  
  (-1.024) (0.156) (1.602) (1.864)   

 

 

System 4: 

Variable Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  3.406 5.258* 3.734** 0.196 0.824
of reserves (5.311) (2.495) (1.349) (0.170)  

  (0.641) (2.107) (2.767) (1.153)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of -6.779** 1.931 -2.660 0.330* 0.785
reserves (2.450) (12.071) (1.739) (0.161)  

  (-2.768) (0.160) (-1.530) (2.051)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euro share of -2.015 -0.101 0.601** 0.376* 0.600
reserves (2.035) (0.998) (0.281) (0.199)  
  (-0.991) (-0.101) (2.138) (1.890) 

 
Notes: System R2 approximately equal to 0.97. 
Standard errors in first parentheses.  T statistics in second parentheses.   
System equations estimated using SUR method. 
** significant at 5% level of significance 
* significant at 10% level of significance 
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Table D.9 System Estimations on Developing Countries Group (1980-1998); Logistic 

functional form used on reserve currencies shares variable 

System 1: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -10.050 7.051** 0.168** 0.229 0.579
reserves (5.766) (2.823) (0.068) (0.219)  

  (-1.743) (2.498) (2.489) (1.043)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  -2.743 2.530 -0.069 0.502** 0.588
of reserves (8.735) (2.273) (0.094) (0.185)  

  (-0.314) (1.113) (-0.736) (2.711)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 2.250 1.601 -0.095 0.303 0.592
reserves (1.676) (1.031) (0.087) (0.205)  
  (1.343) (1.553) (-1.087) (1.475)   

 
 
System 2: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -7.579 7.230** 0.181** 0.170 0.581
reserves (5.937) (2.768) (0.067) 0.210)  

  (-1.277) (2.612) (2.697) (0.810)   

 Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  1.230 2.845 -0.033 0.533** 0.586
of reserves (8.676) (2.263) (0.093) (0.185)  

  (0.142) (1.257) (-0.355) (2.876)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -1.458 0.542 -0.013 0.744** 0.486
reserves (1.307) (0.634) (0.048) (0.178)  
  (-1.116) (-1.116) (-0.269) (4.172)   
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System 3: 
 
Variable US share of US share of  Inflation differential Lagged reserve R2 

  world GDP world trade of US to the world share   

Dollar share of -9.340* 6.967** 0.174** 0.221 0.580
reserves (4.685) (2.464) (0.065) (0.182)  

  (-1.993) (2.828) (2.690) (1.214)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 1.869 2.343** -0.144 0.107 0.575
reserves (1.507) (0.890) (0.083) (0.179)  

  (1.240) (2.633) (-1.749) (0.595)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -1.796 1.173* 0.018 0.582** 0.476
reserves (1.236) (0.560) (0.046) (0.156)  
  (-1.453) (2.097) (0.389) (3.727)   

 
 
 
System 4: 
 
Variable Japan share of Japan share of  Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Yen share of  -1.230 3.056 -0.053 0.490** 0.587
of reserves (8.550) (2.250) (0.092) (0.1833)  

  (-0.144) (1.358) (-0.573) (2.673)   

 UK share of UK share of Inflation differential Lagged reserve R2 

  world GDP world trade of UK to the world share   

Pound share of 2.720 2.153* -0.137 0.209 0.601
reserves (1.730) (1.073) (0.087) (0.210)  

  (1.573) (2.005) (-1.563) (0.991)   

 Eurozone share of Eurozone share of Inflation differential Lagged reserve R2 

  world GDP world trade of Eurozone to the world share   

Euroshare of -1.460 0.741 0.011 0.578** 0.491
reserves (1.358) (0.665) (0.049) (0.185)  
  (-1.115) (1.115) (0.217) (3.134)   

 
Notes: System R2 approximately equal to 0.93. 
Standard errors in first parentheses.  T statistics in second parentheses.   
System equations estimated using SUR method. 
** significant at 5% level of significance 
* significant at 10% level of significance 
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Appendix E  

RESULTS OF TESTING FOR STRUCTURAL BREAK IN GROUPED DATA 

ESTIMATIONS 

 

Tables E.1 to E.3 presents the results of the structural break testing of the estimations of 

the grouped data in Chapter 4.  The procedure calculates the Chow (1960) values to test 

the null hypothesis that a structural break does not exist between the estimations in the 

pre-euro period (1980-1998) and the estimations in the post-euro period (1999-2005), 

against the alternative hypothesis that a structural break does exist between the 

estimations in the two periods of time.   

 
 
Table E.1 Chow test values for the estimations on the global holdings of FX reserves. 

Table E.2 Chow test values for the estimations on the holdings of FX reserves in the 

developed countries group. 

Table E.3 Chow test values for the estimations on the holdings of FX reserves in the 

developing countries group. 

 

 

 

 

 

 

 

 

 

 

 

 



 243

 

Table E.1 Chow test values for the estimations on the global holdings of FX reserves. 

  Chow Test Value 

Estimation in the share of US dollar 1.043** 
    
Estimation in the of share of yen  0.341** 
    
Estimation in the share of pound sterling  1.066** 
    
Estimation in the share of euro  1.288** 
    

** no structural break at 5% level of significance 
 

 

 

Table E.2 Chow test values for the estimations on the holdings of FX reserves in the 

developed countries group. 

  Chow Test Value 

Estimation in the share of US dollar 1.665** 
    
Estimation in the of share of yen  0.899** 
    
Estimation in the share of pound sterling  0.409** 
    
Estimation in the share of euro  0.612** 
    

** no structural break at 5% level of significance 
 

 

Table E.3 Chow test values for the estimations on the holdings of FX reserves in the 

developing countries group. 

  Chow Test Value 

Estimation in the share of US dollar 0.503** 
    
Estimation in the of share of yen  0.231** 
    
Estimation in the share of pound sterling  1.964** 
    
Estimation in the share of euro  1.408** 
    

** no structural break at 5% level of significance 
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Appendix F 

 

DETAILED RESULTS OF ESTIMATION OF CURRENCY COMPOSITION OF 

FOREIGN EXCHANGE RESERVES OF AUSTRALIA 

 

Tables F.1 to F.3 provide results of the estimations of the currency composition of FX 

reserves of Australia in Chapter 5.  

 

 

Table F.1   Estimations of Currency Composition of FX Reserves of Australia (March 

2000 to December 2006) using OLS method, Logistic functional form used 

on reserve currencies shares variable 

 

Table F.2   Estimations of Currency Composition of FX Reserves of Australia (March 

2000 to December 2006) using SUR method, Logistic functional form used 

on reserve currencies shares variable 

 

Table F.3   Estimations of Currency Composition of FX Reserves of Australia System 

(March 2000 to December 2006) using OLS method, Linear functional form 

used on reserve currencies shares variable 
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Table F.1   Estimations of Currency Composition of FX Reserves of Australia using 

OLS method (March 2000 to December 2006), Logistic functional form 

used on reserve currencies shares variable 

Variable  Share of debt service Level of Share of trade R2 
  payments on liabilities intervention  with reserve currency adjusted
  in reserve currency in FX market  country    
Dollar share 1.829** 2.161** 0.417 0.630 
of reserves (0.167) (0.953) (0.290)   
  (10.956) (2.268) (1.435)   
          
Euro share  1.145** 5.309** 0.397* 0.296 
of reserves (0.181) (0.963) (0.225)   
  (6.308) (5.513) (1.762)   
          
Yen share 5.174** -13.841** -0.513 0.321 
of reserves (1.339) (2.263) (0.403)   
  (3.863) (-6.116) (-1.272)   
          

 
Notes: Standard errors in first parentheses.  T statistics in second parentheses.  Equations estimated using OLS 
** significant at 5% level of significance 
* significant at 10% level of significance 

 

 

Table F.2   Estimations of Currency Composition of FX Reserves of Australia using 

SUR method (March 2000 to December 2006), Logistic functional form 

used on reserve currencies shares variable 

Variable  Share of debt service Level of Share of trade R2 
  payments on liabilities intervention  with reserve currency adjusted
  in reserve currency in FX market  country    
Dollar share 2.169** 2.912** 1.125* 0.638 
of reserves (0.184) (1.032) (0.440)   
  (11.764) (2.821) (2.560)   
          
Euro share  0.621** 5.326** -0.021 0.308 
of reserves (0.252) (0.972) (0.343)   
  (2.467) (5.478) (-0.062)   
          
Yen share 4.447* -14.757** -1.461 0.289 
of reserves (1.762) (2.498) (0.624)   
  (2.523) (-5.907) (-1.342)   

 

Notes: Standard errors in first parentheses.  T statistics in second parentheses.  Equations estimated using SUR 
** significant at 5% level of significance 
* significant at 10% level of significance 
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Table F.3   Estimations of Currency Composition of FX Reserves of Australia using 

OLS method (March 2000 to December 2006), Linear functional form used 

on reserve currencies shares variable 

Variable  Share of debt service Level of Share of trade R2 
  payments on liabilities intervention  with reserve currency adjusted
  in reserve currency in FX market  country    
Dollar share 1.219** 1.601** 0.628** 0.636 
of reserves (0.104) (0.581) (0.247)   
  (11.748) (2.756) (2.538)   
          
Euro share  0.324** 2.658 0.003 0.319 
of reserves (0.123) (0.477) (0.168)   
  (2.624) (5.573) (0.016)   
          
Yen share 0.969 -4.350** -0.450** 0.357 
of reserves (0.693) (0.686) (0.171)   
  (1.398) (-6.343) (-2.626)   
          

 

Notes: Standard errors in first parentheses.  T statistics in second parentheses.  Equations estimated using OLS  
** significant at 5% level of significance 
* significant at 10% level of significance 
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Appendix G 

RESULTS OF STATIONARITY TESTING OF THE VARIABLES IN 

INDIVIDUAL COUNTRY DATA ESTIMATION 

 
 
The results of stationarity testing are presented in Tables G.1 to G.10 for the variables 

used in the estimations of the individual country data, Australia, in Chapter 5.  The 

procedure calculates the ETA(mu) and ETA(tau) statistics from Kwiatowski, Phillips, 

Schmidt & Shin (KPSS) tests.  ETA(mu) test the null hypothesis that X(t) is stationary 

around a level, while ETA(tau) test the null that X(t) is trend stationary.  Sufficient lags 

are included to ensure that the test is not biased when autocorrelation exists.  Details of 

the test can be found in found in KPSS (1992). 

 

Table G.1 Variable tested: Share of US dollar holding  

Table G.2 Variable tested: Share of Japanese yen holding  

Table G.3 Variable tested: Share of euro holding  

Table G.4 Variable tested: Share of debt service payment denominated in US dollar 

Table G.5 Variable tested: Share of debt service payment denominated in yen 

Table G.6 Variable tested: Share of debt service payment denominated in euro 

Table G.7 Variable tested: RBA’s level of intervention in the FX market 

Table G.8 Variable tested: Share of trade between Australia and USA 

Table G.9 Variable tested: Share of trade between Australia and Japan 

Table G.10 Variable tested: Share of trade between Australia and Eurozone 
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Table G.1 Variable: Share of US Dollar Holding - Stationarity Testing of Variables using 
Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 6.06016 
For lag = 1 ETA(mu) = 3.18816 

For lag = 2 ETA(mu) = 2.20815 

For lag = 3 ETA(mu) = 1.71438 

For lag = 4 ETA(mu) = 1.41511 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.37925 

For lag = 1 ETA(tau) = 0.22107 
For lag = 2 ETA(tau) = 0.16761* 

For lag = 3 ETA(tau) = 0.14195* 

For lag = 4 ETA(tau) = 0.12781*
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
 
Table G.2 Variable: Share of Yen Holding - Stationarity Testing of Variables using 
Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 3.85913 

For lag = 1 ETA(mu) = 2.0055 

For lag = 2 ETA(mu) = 1.37227 
For lag = 3 ETA(mu) = 1.05465 
For lag = 4 ETA(mu) = 0.86333 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 1.35711 

For lag = 1 ETA(tau) = 0.72088 

For lag = 2 ETA(tau) = 0.50073 

For lag = 3 ETA(tau) = 0.39053 

For lag = 4 ETA(tau) = 0.32428 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table G.3 Variable: Share of Euro Holding - Stationarity Testing of Variables using 
Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 1.45468 
For lag = 1 ETA(mu) = 0.7759 

For lag = 2 ETA(mu) = 0.54397* 

For lag = 3 ETA(mu) = 0.42633** 

For lag = 4 ETA(mu) = 0.35568** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 1.4494
For lag = 1 ETA(tau) = 0.7731 
For lag = 2 ETA(tau) = 0.54203 
For lag = 3 ETA(tau) = 0.42481 
For lag = 4 ETA(tau) = 0.35442 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
 
 
Table G.4 Variable: Share of Debt Service Payment Denominated in US Dollar- 
Stationarity Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) 
test. 
For lag = 0  ETA(mu) = 5.05076 
For lag = 1 ETA(mu) = 2.56095 

For lag = 2 ETA(mu) = 1.72619 

For lag = 3 ETA(mu) = 1.31006 
For lag = 4 ETA(mu) = 1.06152 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.82553 

For lag = 1 ETA(tau) = 0.43182 

For lag = 2 ETA(tau) = 0.29841 

For lag = 3 ETA(tau) = 0.23211 

For lag = 4 ETA(tau) = 0.19288* 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table G.5 Variable: Share of Debt Service Payment Denominated in Yen - Stationarity 
Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 3.59449 
For lag = 1 ETA(mu) = 1.91465 

For lag = 2 ETA(mu) = 1.34006 

For lag = 3 ETA(mu) = 1.0541 

For lag = 4 ETA(mu) = 0.88405 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.5413 

For lag = 1 ETA(tau) = 0.28991 
For lag = 2 ETA(tau) = 0.20406* 

For lag = 3 ETA(tau) = 0.16179* 

For lag = 4 ETA(tau) = 0.13696**
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
 
Table G.6 Variable: Share of Debt Service Payment Denominated in Euro - Stationarity 
Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 6.15508 
For lag = 1 ETA(mu) = 3.11438 

For lag = 2 ETA(mu) = 2.09413 

For lag = 3 ETA(mu) = 1.58466 
For lag = 4 ETA(mu) = 1.27971 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 0.9717 

For lag = 1 ETA(tau) = 0.50699 

For lag = 2 ETA(tau) = 0.3492 

For lag = 3 ETA(tau) = 0.27057 

For lag = 4 ETA(tau) = 0.22385 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table G.7 Variable: RBA’s Level of Intervention in the FX market - Stationarity Testing 
of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 1.78493 
For lag = 1 ETA(mu) = 0.99014 

For lag = 2 ETA(mu) = 0.69806* 

For lag = 3 ETA(mu) = 0.5498* 

For lag = 4 ETA(mu) = 0.45909** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 

For lag = 0  ETA(tau) = 0.95058 

For lag = 1 ETA(tau) = 0.53395 
For lag = 2 ETA(tau) = 0.37943 

For lag = 3 ETA(tau) = 0.30113 

For lag = 4 ETA(tau) = 0.25318 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 

 

Table G.8 Variable: Share of Trade Between Australia and USA - Stationarity Testing of 
Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 0.99287 

For lag = 1 ETA(mu) = 0.68691* 
For lag = 2 ETA(mu) = 0.54542* 

For lag = 3 ETA(mu) = 0.45914** 

For lag = 4 ETA(mu) = 0.40078 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 

For lag = 0  ETA(tau) = 0.57449 
For lag = 1 ETA(tau) = 0.40354 

For lag = 2 ETA(tau) = 0.32491 
For lag = 3 ETA(tau) = 0.27678 

For lag = 4 ETA(tau) = 0.24401 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Table G.9 Variable: Share of Trade Between Australia and Japan - Stationarity Testing 
of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 
For lag = 0  ETA(mu) = 3.94254 
For lag = 1 ETA(mu) = 2.13377 

For lag = 2 ETA(mu) = 1.49944 

For lag = 3 ETA(mu) = 1.17831 

For lag = 4 ETA(mu) = 0.98436 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 
For lag = 0  ETA(tau) = 1.10992 

For lag = 1 ETA(tau) = 0.6295 
For lag = 2 ETA(tau) = 0.45547 

For lag = 3 ETA(tau) = 0.36559 

For lag = 4 ETA(tau) = 0.31173
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
 
 
 
Table G.10 Variable: Share of Trade Between Australia and Eurozone - Stationarity 
Testing of Variables using Kwiatowski, Phillips, Schmidt & Shin (KPSS) test. 
 

For lag = 0  ETA(mu) = 6.45436 

For lag = 1 ETA(mu) = 3.63855 
For lag = 2 ETA(mu) = 2.597 

For lag = 3 ETA(mu) = 2.02313 

For lag = 4 ETA(mu) = 1.66624 
Critical Level: 0.05 0.01 

Critical Valuel: 0.463 0.739 

 

For lag = 0  ETA(tau) = 0.10378** 
For lag = 1 ETA(tau) = 0.09783** 

For lag = 2 ETA(tau) = 0.10714** 
For lag = 3 ETA(tau) = 0.11089** 

For lag = 4 ETA(tau) = 0.11597** 
Critical Level: 0.05 0.01 

Critical Valuel: 0.146 0.216 

* stationary at 1% level of significance 
** stationary at 5% level of significance 
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Appendix H 
 
CORRRELATION MATRICES OF THE INDEPENDENT VARIABLES IN THE 

ESTIMATION OF CURRENCY COMPOSITION OF FX RESERVES OF 

AUSTRALIA 

 

Tables H.1 to H.3 show the correlation matrices between each of the independent 

variables used in the estimations of the currency composition of FX reserves of Australia 

in Chapter 5.  The estimations are said to be free from multicollinearity if the correlation 

coefficients between all pairs of the independent variables are lower than │0.8│ 

(Gujarati, 1995).   

 
 
 
Table H.1 Correlation matrices between the share of debt service payments on liabilities 

denominated in US dollars, the share of trade with USA, and the level of 

intervention in FX market. 

 

Table H.2 Correlation matrices between the share of debt service payments on liabilities 

denominated in euro, the share of trade with Eurozone, and the level of 

intervention in FX market. 

 

Table H.3 Correlation matrices between the share of debt service payments on liabilities 

denominated in yen, the share of trade with Japan, and the level of 

intervention in FX market. 
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Table H.1 Correlation matrices between the share of debt service payments on liabilities 

denominated in US dollars, the share of trade with USA, and the level of intervention in 

FX market. 

  Share of debt service Share of trade Level of intervention 

  payments on liabilities with USA in FX market 
  in US dollars     

Share of debt service       
payments on liabilities 1     

in US dollars        
Share of trade       

with USA -0.261 1   
        

Level of intervention       
in FX market 0.073 -0.509 1 

       
 
 
 
 
 
Table H.2 Correlation matrices between the share of debt service payments on liabilities 

denominated in euro, the share of trade with Eurozone, and the level of intervention in 

FX market. 

 
  Share of debt service Share of trade Level of intervention 
  payments on liabilities with Eurozone in FX market 

  in euro    

Share of debt service       
payments on liabilities 1     

in euro       
Share of trade       
with Eurozone -0.701 1   

        
Level of intervention       

in FX market -0.121 0.213 1 
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Table H.3 Correlation matrices between the share of debt service payments on liabilities 

denominated in yen, the share of trade with Japan, and the level of intervention in FX 

market. 

 
  Share of debt service Share of trade Level of intervention 

  payments on liabilities with Japan in FX market 
  in yen    

Share of debt service       
payments on liabilities 1     

in yen       
Share of trade       

with Japan 0.494 1   
        

Level of intervention       
in FX market 0.252 -0.264 1 
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Appendix I 
 
RESULTS OF SERIAL CORRELATION TESTING OF RESIDUALS IN THE 

ESTIMATION OF FX RESERVES OF AUSTRALIA 

 

Tables I shows the Durbin Watson (DW) d statistic values to test for serial correlation in 

the estimation of FX reserves of Australia.  The procedure tests the null hypothesis that 

there is no serial correlation, against the alternative hypothesis that there is serial 

correlation.   

 

 

 

 

Table I Results of the DW tests for serial correlation on the estimations of FX reserves of 

Australia 

  DW d stats value 
Estimation on the share of US dollar 0.5603 
    
Estimation on the share of euro 0.4335 
    
Estimation on the share of yen 0.3844 
    

 
*   serial correlation not significant at 1% level of significance 
** serial correlation not significant at 5% level of significance 
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Appendix J 
 
IMPORT SHARE WIEGHTS OF AUSTRALIA BY COUNTRY OF ORIGIN 

 

Tables J.1 to J.6 display the import share weights assigned to the sixteen import partners 

for Australia for the period 2000 to 2006. 

 

 

Table J.1 Import share weights of Australia by county of origin (2000) 

Table J.2 Import share weights of Australia by county of origin (2001) 

Table J.3 Import share weights of Australia by county of origin (2002) 

Table J.4 Import share weights of Australia by county of origin (2003) 

Table J.5 Import share weights of Australia by county of origin (2004) 

Table J.6 Import share weights of Australia by county of origin (2005) 
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Table J.1 Import share weights of Australia by county of origin (2000) 

Import Country  Weights

USA 22%
Eurozone 16%
Japan 15%
China 9%
UK 7%
New Zealand 4%
Korea 5%
Singpore 4%
Indonesia 3%
Malaysia 4%
Taiwan 3%
Thailand 3%
Vietnam 2%
Sweden 2%
Canada 2%

 
 
 
 
 
 
 
 
Table J.2 Import share weights of Australia by county of origin (2001) 

Import Country  Weights

USA 21%
Eurozone 17%
Japan 15%
China 10%
UK 6%
New Zealand 5%
Korea 4%
Singapore 4%
Indonesia 4%
Malaysia 4%
Taiwan 3%
Thailand 3%
Vietnam 2%
Sweden 2%
Canada 1%
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Table J.3 Import share weights of Australia by county of origin (2002) 

 

Import Country  Weights

USA 21%
Eurozone 19%
Japan 14%
China 11%
UK 5%
New Zealand 4%
Korea 4%
Singapore 4%
Indonesia 4%
Malaysia 3%
Taiwan 3%
Thailand 3%
Vietnam 2%
Sweden 2%
Canada 2%

 

 

 

 

Table J.4 Import share weights of Australia by county of origin (2003) 

Import Country  Weights

Eurozone 19%
USA 18%
Japan 14%
China 12%
UK 5%
New Zealand 4%
Korea 4%
Singapore 4%
Malaysia 4%
Indonesia 4%
Thailand 3%
Taiwan 3%
Vietnam 2%
Sweden 2%
Canada 2%
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Table J.5 Import share weights of Australia by county of origin (2004) 

 
Import Country  Weights

Eurozone 20%
USA 17%
China 14%
Japan 13%
Singapore 5%
UK 5%
Malaysia 4%
New Zealand 4%
Korea 4%
Thailand 3%
Indonesia 3%
Taiwan 3%
Vietnam 2%
Canada 1%
Sweden 1%

 
 
 
 
 
 
 
Table J.6 Import share weights of Australia by county of origin (2005) 

Import Country  Weights

Eurozone 19%
USA 16%
China 16%
Japan 13%
Singapore 6%
UK 5%
Malaysia 4%
New Zealand 4%
Korea 4%
Thailand 4%
Indonesia 3%
Taiwan 3%
Vietnam 2%
Sweden 2%
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