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Abstract: This paper examines demand for foreign reserves in the Economic and Monetary Union (EMU). Theoretical arguments point to a decrease of foreign demand for reserves when a currency union is established. The main reason is that a part of the member countries’ international trade is intra currency union trade based on contracts in the common currency. Furthermore the pooling of reserves in a common central bank also contributes to the reduced need for international reserves. Evidence from the establishing of the EMU presented in the paper corroborates these presumptions. The paper also analyzes the prospects for reduced demand for foreign reserves for the new European Union (EU) member countries when they in future will adopt the euro. As reserves are costly the less demand for reserves adds to the benefits of membership of the euro area.       
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1. Introduction

A country’s foreign stock of reserves measures the country’s stock of internationally accepted means of payments. Cohen defines the concept of foreign reserves as “the country’s stock of assets held by its central bank that can be converted with certainty into another medium and used to influence the value of that country’s exchange rate” (Cohen, 1975, p. 411). The rationale for a country to have foreign reserves is to support the country’s exchange rate policy. In case of a fixed-exchange rate regime and all versions of managed float the central bank needs foreign reserves so it has the capacity to intervene on the exchange market for pursuing its policy. Even in the case of free float the central bank might keep reserves in order to have the option to change the exchange rate regime and to make interventions. However, international reserves are costly. Due to liquidity requirement international reserves carry a lower interest rate than what might be obtained on the market otherwise by freely diversifying a portfolio. If no need for liquidity services from international reserves exists, reserves might be turned to physical capital and from a social point of view the marginal rate of return of capital therefore represents the opportunity costs of reserves. The central bank therefore faces an optimization problem about the wanted amount (demand) of international reserves. 

There is a rich literature on central banks demand for international reserves. Bahmani-Oskooee and Brown (2002) provide a recent survey on this literature.  The basic relationship links the demand for reserves to the volume of transactions in foreign currencies. As a proxy for the scale of transactions in foreign currencies, imports or alternatively gross domestic product (GDP) has been used. In cross-country analysis GDP might be a flawed indicator, as it does not capture the various degree of openness and trade policies of the economies. In the following we therefore use imports as an indicator for the volume transactions in foreign currencies. 

It is argued that imports represent the payments obligations for the central bank in foreign currencies and to have adequate reserves the central bank therefore keep reserves in accordance to imports. In a seminal contribution to the theory on demand for reserves Triffin (1947) assumes that the central bank tries to maintain a constant ratio between reserves and imports. This Triffin approach has later been reformulated by introducing the so-called ‘square root law’ where demand for reserves varies proportionate to the square root of imports, see e.g. Heller (1968) and Officier (1976). This relationship was established by perceiving that a country’s demand for international liquidity is analogous to an individuals demand for cash given by Baumol´s model for transaction demand for money (Baumol, 1952). The assumed elasticity of ½ for reserves with respect to imports has been weakened in several other contributions where the elasticity of demand for reserves is only constrained to be in the interval between 0 and 1. The basic assumption is thus that demand for reserves increases less than proportionate to imports. 

While imports enter in most demand functions for reserves the views on other explanatory variables are more divided. The list of possible explanatory variables include by others interests rates or rate of growth as measures for opportunity costs of keeping reserves, risk variables for volatility of demand for reserves, variables for exchange rate regime and, in dynamic versions of the demand function, past stocks of reserves to take into account time lags, see Bahmani-Oskooee and Brown (2002) for a more extensive presentation of these contributions. 

The observed actual reserves are in principle a result both of demand as well as supply of reserves. Unexpected changes of supply of reserves for the central bank might temporarily cause a substantial difference between wanted and actual stock of reserves. However, in the longer run it is reasonable to assume that the central bank has the capability to adjust its stock of reserves to the desired level.

The purpose of this paper is to analyze the issue of demand for international reserves when a group of countries establish or join an existing currency union. This question will specifically be addressed to the case of the Economic and Monetary Union in Europe. The paper aims to assess both the impacts on demand for foreign reserves when the EMU was established and the prospects for demand for reserves if (when) new EU member countries from Central and Eastern Europe join the EMU within few years. From the arguments above the empirical analysis assumes that the actual stock of reserves reflects the demand for reserves. 

The establishment of the EMU profoundly changes the institutional framework for the international reserves as the responsibility for the exchange rate policy is removed to the European Central Bank (ECB). The demand for reserves for the euro area might therefore differ substantially from the aggregated demand for the participating countries if they have preserved their own currencies. 

In the paper we show that at the theoretical level strong arguments exist that establishing a monetary union will lead to lower demand for international reserves compared with the sum of demand for reserves for participating countries in case that the countries have preserved their own currency. Evidence from the establishing the EMU from 1999 seems to corroborate this view. Measured by the economic size the new EU member countries and applicant countries keep large reserves compared with the reserves in the euro area and membership of the EMU should therefore offer substantial savings of cost for those countries. 

The paper is organised as follows: using the simple Triffin’s ratio Section 2 presents some ‘basic facts’ on demand for foreign reserves before and after the establishment of the EMU. The reported evidence relates to the present group of euro countries, as well as the old EU countries outside the euro and the potential new member countries of the EMU from Central and Eastern Europe and the Mediterranean region. Section 3 applies the theory of demand for reserves to the case of establishing a monetary union. The section also suggests a procedure for a decomposition of the total effect on demand for international reserves of accession to a monetary union into three effects: an intra-trade effect, a pooling effect and a regime change effect capturing all other effects. Using this decomposition procedure in Section 4 the impacts of the establishment of the EMU on demand for reserves are analysed for the present group of euro countries. Section 5 provides for a similar analysis of the possible impacts of membership of the EMU on demand for foreign reserves for Cyprus, Estonia, Latvia, Lithuania, Malta, and Slovenia. Slovenia has adopted the euro already January 1, 2007. The remaining listed countries have all joined the ERM-II system and have thus taken the first step to full membership of the EMU. Section 6 summarises the main results and discusses foreign reserves issue of the EMU in a broader context.  

2. Some evidence on the demand for foreign reserves in the EMU and the potential member countries

This section takes a look at the evidence on stock of reserves in the present euro area before and after the establishment of the European currency union using a simple Triffin’s ratio approach. In addition, it also provides evidence on the stock of reserves for the potential new member countries of the EMU. 

Eleven countries established in January 1, 1999 the Economic and Monetary Union in Europe. The founding group of EU countries were Belgium, Germany, Spain, France, Ireland, Italy, Luxembourg, The Netherlands, Austria, Portugal, and Finland. Two years later, namely at January 1, 2001, Greece entered as the twelve’s member country of the euro cooperation.  From then on the responsibility for the exchange rate policy was assigned to the newly established European Central Bank (ECB) although the national central banks were preserved as regional network for the ECB. As a consequence a part of the international reserves kept in the national central banks were handed over to the ECB but for practical reasons the major part of the reserves remained and still remains in the national central banks. From analytical point of view foreign reserves in the EMU system therefore refers to the consolidated reserves for the whole euro area, i.e., the reserves held by the national central banks plus the reserves held by the ECB. The costs of having reserves are thus partly removed from the national central banks to the ECB. However, this is only formally because the national central banks are the shareholders of the ECB. The ECB distributes its profits to the national central banks in accordance to their individual shareholder position. The reduced profit of the ECB because of costs of keeping reserves thus translates into fewer dividends to the national central banks
. 

A first glance at evidence on foreign reserves in the euro area and EU countries outside the euro cooperation is presented in Figure 1. The curves illustrate the Triffin-ratio for the various groups of countries, i.e., the total reserves (minus gold) to imports of goods and services for the period 1990 to 2004.  Let us first look at the evidence for the present group of euro countries in a period 1990 to 2004. The full drawn curve in bold illustrates the ratio of reserves to total (present) euro-area countries’ imports to 1998 and from 1999 reserves to extra-imports of the euro-area. The dashed curve from 1999 illustrates the ratio of reserves to total imports of the euro-area countries. The two vertical separating lines indicate the years of establishment of the EMU for initial group of eleven countries in 1999 and the widening of EMU with Greece in 2001. A comparison of reserves before and after the formation of the euro cooperation should therefore be restricted to the observations until 1998 and from 2001.   
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Figure 1: Foreign reserves in the euro area and non-euro EU countries, 1990 – 2004.

Note: The figures include reserves for all present 12 euro countries national central banks as well as reserves in the ECB from 1999. The reserves are exclusive gold.

Source: IMF International Financial Statistics, IMF Direction of Trade Statistics, and authors’ calculations. 

It appears from the Figure that reserves to total (intra and extra) imports declined substantially after the establishment of the EMU. To be more specific, the average ratio of reserves to total imports fell from above 22.8 for the period 1990 to 1998 to barely 8 at the of the period 1999 to 2004. The change of ratio of reserves to extra union imports paints a more mixed picture. Just after the establishment of the EMU in 1999 the ratio increased from 18.3 in 1998 to 29.7 (28.1 without Greece) in 1999, but in the following years the ratio decreased to 16.0 in 2004, which is well below the average ratio of reserves to total import during the period before the EMU. The reason for this profile might be time lags in the adjustment of reserves in the euro system. However, it is important to note that the ratio of reserves to extra-union imports observed in the EMU countries in the end of the period became smaller than the pre-union figures. This is in contrast to the development in the ratio of reserves to total imports (see the thin line in Figure 1) for the group of EU countries, which remained outside the euro cooperation, i.e., UK, Sweden and Denmark. For those countries the reserve to imports ratio has slightly increased since 1999. This divergent development of ratios of reserves therefore points to a specific effect of participation in EMU. 

Finally, lets us turn to the potential new members of the EMU in the nearest or more distant future. It should be noted first that none of them practice complete free float. The status in 2006 for the six quick-runners to the EMU – Cyprus, Estonia, Latvia, Lithuania, Malta, and Slovenia – is that all have entered into the ERM2-target zone system. Estonia and Lithuania have preserved their Currency Board Arrangement (CBA) while Latvia, Slovenia, Malta and Cyprus have established the traditional ERM2-target zone system. The other new member countries have either fixed or some form of managed exchange rate regime. So seemingly all the potential new members of the EMU need substantial reserves to support the exchange rate policy. This view is corroborated by the empirical data presented in Table 1.

Table 1:  Foreign reserves to imports for potential member countries of the euro and the euro area, 1994-2004.  


         1994     2004 
Average  Min.(year) Max.(year)

Euro area 
21
16
    22
     16 (2004)  30 (1999)

Cyprus

49
68
    51
     30 (1995)  74 (2002)

Estonia
27
21
    19
     16 (2001)  27 (1994)

Latvia

40
27
    29
     25 (1998)  40 (1994)

Lithuania        
22
28
    25
     18 (1996)  34 (2003)

Malta        
76
71
    60
     35 (2001)  80 (2003)

Slovenia
19
47
    37
     19 (1995)  64 (2002)

Bulgaria
21
62
    44
     10 (1996)  62 (2004)

Croatia

27
53
    41
     25 (1995)  58 (2003)

Czech Rep.
38
38
    42
     33 (1997)  60 (1995)

Hungary
47
27
    41
     27 (2004)  77 (1995)

Poland

27
40
    49
     27 (1994)  58 (1998)

Romania
29
45
    27
     14 (1999)  45 (2004)

Slovakia 
23
49
    33
     20 (1998)  50 (2003)

Turkey

31
37
    42
     31 (1994)  57 (1999)
Note: For the euro area the basis for calculation of ratio of reserves to imports is total imports for the years 1994 to 1998 but only extra imports for the years 1999 to 2004. 

Source: See note to Figure 1.

As appears from Table 1 the new EU member and applicant countries keep remarkably large reserves compared with the reserves in the euro area during the reported period 1994 to 2004. Membership of the EMU could therefore offer substantial savings of cost for those countries. 

3. Establishing a currency union and the demand for international reserves

A group of n countries is assumed to establish a currency union. The demand function for reserves for country i (i = 1,2,…n) before the establishment of the currency union is given by: 

Ri = ci Mi(, 0<((1








(1)
where M stands for imports, ci denotes a country-specific parameter capturing all other factors affecting demand for international reserves
 and ( is elasticity of demand for reserves with respect to imports. The country-specific factors thus only influence the size of the parameter c whereas elasticity of demand ( is assumed to be identical for all countries. The specification of the demand function for international reserves basically summarizes essential parts of the literature surveyed in Bahmani-Oskooee and Brown (2002) showing that in most empirical investigations import is a robust explanatory variable of demand for international reserves and the other factors are more case specific.  

Establishment of a currency union profoundly changes the need for reserves for the group of participating countries. The internal trade between the union partners in a currency union is settled in the common currency. This part of the trade leaves no incentive for central bank to keep reserves and therefore only extra-union imports (not the whole imports) become the relevant factor of demand for reserves. Using this and assuming that the elasticity of reserves parameters does not change, the union-wide demand function after the formation of the currency union is given by:  

Ru = cuM̃u(, M̃u=( i=1nM̃i







(2)

where cu represents the union specific regime parameter and M̃i and M̃u stand for extra union imports of the union member i and the whole union, respectively. 

For several reasons total demand for reserves for the union is expected to change compared to the total demand for reserves for the member countries of the union in case that they have preserved their own currencies. First, a part of the member countries imports is intra-union imports, which, as mentioned above, is irrelevant for keeping foreign reserves. This effect is in the following termed as the intra-trade effect. Secondly, a group of countries need fewer reserves if the reserves are pooled by establishing a monetary union because of the concavity of the demand function for reserves with respect to imports. The concavity of the demand curve represents a form of scale economy where ratio of demanded reserves to imports decreases with respect to imports. This effect is termed the pooling effect. Finally, the monetary union is more likely to allow for more exchange rate flexibility compared with the exchange rate policy of the participating countries before they established the currency union. This follows from the optimum currency area theory which points to more flexible exchange rate regimes for big currency areas (see Tavlas, 1993). Allowing for more flexible exchange rates reduces the need of reserves and hence, the monetary union need fewer reserves than the need of reserves in total for the participating countries outside a currency union. However, the regime transformation to a currency union might also be associated with several other effects on demand for reserves. The combined effect of these determinants is, for short, called the regime effect. 
The three effects can be illustrated for the individual member countries if we perceive that total demand for reserves for the union is allocated or assigned to the individual member countries in accordance to their shares of extra-union imports, i.e., the post-union individual country’s implicit demand of reserves in the union (Ru,i ) is defined by Ru,i = (iRu  where (i=M̃i/M̃u. Extra-union imports are the main motive for keeping reserves and this is the reason why the share of extra union imports is used as a key for assignment of a part of total union reserves to the individual member country. 

Using (1) and (2) gives the following expression for the relative change of (implicit) demand for reserves for country i in a currency union:

Ru,i / Ri =  IFi ( PFi ( RF i = TFi ,






(3)

where IFi   illustrates the intra-trade factor,  PFi the pooling factor,  RFi  the regime factor  and TFi  the total factor given by:


IFi = ciM̃i( / ciMi( = (M̃i/Mi)(
PFi = (i  ciM̃u( / ci M̃i( = (i1-(,

RFi = (i  cuM̃u( / (i  ciM̃u(  = cu / ci ,

TFi =  (M̃i/Mi)( ( (i1-( ( cu/ci .

The interpretation of the decomposition of the total factor TFi into the three factors IFi , PFi  and RFi  follows from Figure 2. 
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Figure 2: The decomposition of the effects of a currency union on foreign reserves for country i   


Before country i enters the union its demand for reserves depends on the total imports Mi as shown on the bolded demand curve ciM(  i.e. Ri = ciMi( = OA. After joining the union the relevant import variable determining the demand for foreign reserves shrinks to the level of extra-union imports M̃i which corresponds to a demand of reserves at ciM̃i( = OB.  This make up the intra-union trade effect and measured in relative terms the intra-union trade factor is given by IFi=OB/OA. 

Due to concavity of the demand function with respect to imports, pooled demand for reserves in a currency union result in further savings of reserves for the participating countries. If all member countries of the currency union have had the same demand function for reserves as country i the total demand for reserves in the union would have made up  ciM̃u( and hence, the implicit demand for reserves in country i would have made up  (i ciM̃u( = OC. This reflects the pooling effect and in relative terms the pooling factor is thus given by PFi = OC/OB= (i1-(. 
 Finally, the scale of the demand function for country i might differ from scale of the demand function for the union i.e. ci might differ from cu. This causes a regime effect on demand for reserves for country i. In a post-union world the implicit demand for reserves in country i (Ru,i) is represented by  (i cu M̃u( = OD. In relative terms the pooling regime factor is thus given by RFi = OD/OC = cu/ci .  It should be noted that the intra-trade and the pooling factors unambiguously reduces the demand for reserves, i.e., PFi <1 and IFi <1, given 0<(<1. The regime effect is however an amalgam of all the other effects and on beforehand its influence is ambiguous, i.e. both PFi<1 or PFi(1 is possible.
The procedure for decomposition of the effects on demand for reserves also applies for the case of an enlargement of an already established currency union. The enlargement of an existing currency union with new member countries may be perceived as establishment of a new monetary union consisting of the individual new member countries and as one entity the group of member countries of the previously established currency union. In the relevant case of enlargement of the euro area the expected new member countries will be very small measured in reserves and imports compared with the present euro zone but this is only a question of weights when the various contributions should be counted in the formulas above.  
4. Historical decomposition of the effects

The evidence presented in Section 2 shows that certain savings of reserves have been realized after creation of the EMU. Based on the methodology presented in Section 3 the historical factorization of the total reduction in demand for reserves due to the three effects is presented below for the current EMU countries first, and then some potential gains for the new set of countries is guessed in Section 5. 

The calculation of the effects raises the usual ‘anti monde’ problem. We should know both the individual countries’ demand function for reserves (1) and the demand function for the union (2). Before establishment of the union, the union demand for reserves (Ru) cannot be observed and if the union were established, the individual demand functions for reserves (Ri) could not be observed. Crucially important for the results of calculations are therefore the assumptions about the unobservable functions. 

To make the used assumptions clear the following should be kept in mind. Before and after establishment of the union, all the required import terms (Mi, Mu, M̃i, M̃u) are observed. Therefore, despite that either Ri or Ru cannot be observed directly, the missing one could be calculated based on (1) and (2) by inserting the relevant imports and using specific values of ci or cu, given that the reserve for demand functions are known. 

The assumed values of ci or cu are provided through the following procedure. First, we estimate the demand for reserves function using the fixed effects panel data model (see appendix A for description of the economic and econometric models used as well as for the estimation results). Based on the estimation results, ci for every country (and period) are calculated from (1). Next, assuming that establishment of the union does not change the imports elasticity of reserves, cu is derived from (2) based on actual reserves in the union. 

To estimate Ri (Ru) after (before) the union is established we use the appropriate ci (cu). Specifically, we use the last available ci (for year 1998) to calculate the unobservable Ri (for the years after 1998) and the first available cu (1999) for calculation of the Ru in the period before establishment of the union (before year 1999), i.e., based on the data available we assume that ci and cu have not changed since (till) the last (first) observable value
.

Table 2 presents the results of the calculated effects of the participation in the EMU on demand for reserves for present group of euro countries for the year 2004, which is the latest year of the period investigated. The overall effect is presented by the total factor TF and the results are also reported for the decomposition into the intra-union trade factor IF, the pooling factor PF and the regime factor RF. For all member countries, the implicit demand for reserves is considerably below the demand for reserves in the non-union case, i.e. TF<1. 

Table 2: The effects of the EMU on demand for foreign reserves, 2004.

	Country
	Factors

	
	Total Factor
	Intra-trade Factor
	Pooling Factor
	Regime Factor

	Austria
	0.2
	0.4
	0.4
	1.0

	Belgium
	0.5
	0.5
	0.5
	2.1

	Finland
	0.3
	0.7
	0.4
	1.3

	France
	0.4
	0.5
	0.6
	1.4

	Germany
	0.6
	0.7
	0.7
	1.2

	Greece
	0.1
	0.6
	0.4
	0.6

	Ireland
	0.7
	0.8
	0.5
	1.9

	Italy
	0.6
	0.6
	0.6
	1.7

	Netherlands
	0.8
	0.7
	0.6
	2.0

	Portugal
	0.1
	0.5
	0.3
	0.9

	Spain
	0.2
	0.6
	0.5
	0.6


The results show big variations in savings of reserves between countries. The total factor  (implicit demand for reserves for the country in the union relative to the demand for reserves in the non union case) makes up only about 0.1 for the small countries Greece and Portugal but about 0.8 for the Netherlands in the other end of the interval.

Looking at the decomposition, the intra-union trade factor varies between 0.4 for Austria and 0.8 for Ireland reflecting the differences of the trade links between the country and the union
. The pooling factor varies between 0.3 for Portugal and 0.7 for Germany. These differences reflect the relative sizes of the economies measured by shares of extra-union imports. Small countries will benefit most by the pooling effect.  The regime factor is above 1 for most of the countries indicating that usually the other factors make reserves in the union larger compared with the non-union case. The regime factor varies between 0.6 for Greece and Spain and 2.1 for Belgium. 

The effects have also been calculated for the individual years 1991 to 2004. The results are reported in Table B1 in Appendix B. The total factor is quite unstable from year to year but it is only due to instability of the regime factor. The intra-union trade and the pooling factors take nearly the same values for all years illustrating that neither trade structure nor relative size of imports changes in the period investigated. This is in contrast to the regime factor, which varies considerably both between countries and over time.  Specifically, since the establishment of the EMU the regime factor has decreased over time. This probably illustrates lags in the adjustment process of getting rid of the excessive reserves in the first couple of years after the formation of the currency union. The reported figures for the regime factor and hence, the total factor is therefore much more uncertain compared with the two other effects. 

5. Prospects for savings of international reserves for the potential new members of the EMU 

In this section we turn to the case of the new EU members. Specifically, we concentrate on Cyprus, Estonia, Latvia, Lithuania, Malta, and Slovenia that are expected to become members of the EMU within few years. Although it is uncertain (apart from Slovenia) when each of these countries will join the EMU due to requirement to fulfil the Maastricht criteria, we calculate in the following the effects on demand for foreign reserves as if the whole group of countries joined all together. Furthermore, in order to avoid additional sources of errors due to forecasting, etc., we present the factorization results for year 2004, when countries under investigation entered the EU
. 

The problem in calculating the membership effects for the member countries is that Ru is in principle unobservable. However, given the small relative size of the new potential members we neglect the impact of widening of the EMU with this first wave of new member countries on the union regime parameter cu. Hence, the expanded union reserves are given by Ru+=cuM̃u+(, where M̃u+ denotes the expanded union extra-imports. For the perceived new member country of the EMU the assigned reserves Ru,i is then given by Ru,i=(i+Ru+, where (i+=M̃i/M̃u+.  Using (3) the total relative savings of reserves Ru,i/Ri are decomposed into the three factors. The results are reported in Table 3.

In general, the total savings effect for the most of the potential new members is larger in relative terms than the old EMU countries have experienced in making the EMU in 1999. In addition, there seems to be a general trend of increasing effect due to diminishing negative influence from the regime effect (see Table B.2 in Appendix B, where year-by-year factorization of the effects is provided starting since 1994).

Table 3: The potential effect of joining the EMU on demand for foreign reserves evaluated in situation of 2004.
	Country
	Factors

	
	Total Factor
	Intra-trade Factor
	Pooling Factor
	Regime Factor

	Cyprus
	0.2
	0.6
	0.20
	1.9

	Estonia
	0.4
	0.5
	0.21
	3.1

	Latvia
	0.3
	0.6
	0.21
	2.8

	Lithuania
	0.4
	0.7
	0.25
	2.3

	Malta
	0.1
	0.5
	0.17
	1.2

	Slovenia
	0.1
	0.4
	0.23
	1.3


6. Final remarks

It is argued in this paper that a group of countries, which participate in a currency union collectively, need less international reserves compared with the situation when each of the countries has their own currency. This is both because a part of their foreign trade is contracted in the common currency and the savings from pooling of international reserves into the common central bank. The theoretical arguments have been corroborated by the empirical observations after the establishment of the EMU.  For the same reasons the new EU countries might benefit substantially from being released from the need to keep large reserves when they one day in future also enter into the EMU. 

The overall gain from less foreign reserves in a currency union might be disproportionately distributed among the member countries relative to their GDP. The smaller countries will for at least two reasons benefit most form being freed from keeping reserves. First, the trade intensities i.e. imports or exports to GDP varies in general inversely with GDP. Secondly, reserves to imports also tend to vary inversely with imports because of an import elasticity of reserves less than 1.  For both reasons small countries having their own currency therefore tend to have large reserves. However, a precise analysis of the distributional effects among countries of the common gain of smaller reserves in a currency union should be based on provisions for distribution of the profits of the common central bank.

This paper has only dealt with the need for foreign reserves in the EMU. The role of the euro as an international reserve currency has not been taken into account. The ECB profits from providing international exchange reserves and this of course adds to the benefits of the euro although it also introduces a risk as the euro might become more volatile.  
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Appendix A

A.1. Explanatory variables, data and the statistical model

The set of explanatory variables (an economic model) is based on Bahmani-Oskooee and Brown (2002) and consists of the following variables (the data source is provided in parentheses):

· transaction scale variable: imports, measured in mill. of euro (national accounts data provided by Eurostat);

· variability of reserves measure: standard deviation of quarterly reserves within a given year (IMF IFS and authors’ calculations); 

· alternative costs: money market interest rates (IMF IFS and Eurostat), due to unavailability official refinancing rate (Eurostat) was used for Hungary, Malta and Romania; 

· exchange rate regime effect: the fixed exchange rate regime dummy variable (1 for the fixed regimes and 0 otherwise). 

And the respective economic model is 

R = ci M(, ci = e(i+(0+(FIX SD( (1+ IR)(,





(A.1)

where R denotes the stock of foreign reserves (gold exluded); M stands for imports; SD - a standard deviation; IR – money market interest rates; FIX - the fixed exchange rate regime dummy variable; and e – the base of the natural logarithm. 

The statistical model employed to estimate the loglinear analogue of the economic specification of the demand for reserves equation (A.1) is the following (fixed-effects) panel data model:

ln(Rit) = (0 +(i + ( ln(Mit) + ( log(SDit) + ( IRit + ( FIXit + vit,


(A.2)

where i and t are indexes of the sectoral and time dimesnions, and vit is a zero mean error term with constant variance, uncorrelated both in time and sectoral dimensions, and uncorrelated with the explanatory variables. 

The (unbalanced) panel is estimated using data of all the former EMU members and ten new EU as well as two potential new EU member countries (Bulgaria and Romania). The period covers yearly data from 1991 to 2004. The data of the current EMU members are used before 1998 in (A.2). The data on all needed indicators of the potential new members are mainly available since 1994 and we use the respective data set available. 

The fixed effects model is used, because both the hypothesis on insignificance of individual effects is rejected at the 5% significance level and the Hausman test reveals that the hypothesis about the random effects uncorrelated with the explanatory variables is strongly rejected. After estimating (A.2) we tested for the difference in import elasticity of reserves for the present EMU member countries and for the potential set of new members. The difference in the elasticity of imports was insignificant at the 5% significance level. Therefore, the fixed effects model with the restricted common parameter was used in the calculations. 

It should be noted that in calculations described in Section 4 and 5 it is presumed that income elasticity of imports ( does not change after establishment of a currency union. When longer data period will be available in the future, this hypothesis could be tested statistically and, if the difference were significant, it would be straightforward to modify (3) in order to derive an additional factor indicating the effect due to change in (. Currently, however, as is apparent from Figure 1, some adjustment process – caused, possibly, by additional awareness of the ECB of possible speculative attacks, etc. – blurred the immediate period after establishment of the currency union. Therefore, instead of leaning on any empirical estimation, we presume that ( is not affected.

A.2. The estimated model

The estimation results of the model (A.2) is provided below (standard errors are given in parentheses)

ln(Rit) = 0.62 + ki + 0.74ln(Mit) + 0.08ln(SDit) – 0.83Rit + 0.49FIXit + vit,  


(0.39)
        (0.04)
      (0.02)
     (0.17)      (0.14)
Observations – 204, R2 = 0.9988, DW =1.35.  

where vit stands for the residual term and a country specific estimates ki of the fixed effects (i are presented in Figure A.
Figure A
Country specific fixed effects

Appendix B. 

Table B1: The effects of the EMU on foreign reserves, 1991-2004.  

	Country
	Factor
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004

	Austria
	TF
	0.7
	0.5
	0.4
	0.5
	0.4
	0.4
	0.4
	0.4
	0.3
	0.3
	0.3
	0.3
	0.2
	0.2

	
	IF
	0.5
	0.5
	0.5
	0.5
	0.4
	0.5
	0.5
	0.5
	0.4
	0.5
	0.5
	0.5
	0.5
	0.4

	
	PF
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	RF
	3.7
	2.8
	2.2
	2.3
	2.4
	1.9
	2.1
	2.0
	2.0
	1.7
	1.7
	1.6
	1.2
	1.0

	Belgium
	TF
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	1.1
	1.1
	1.1
	1.0
	0.9
	0.8
	0.6
	0.5

	
	IF
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	PF
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	RF
	5.0
	4.9
	4.8
	4.5
	5.0
	4.9
	4.4
	4.2
	4.2
	3.7
	3.6
	3.3
	2.5
	2.1

	Finland
	TF
	0.8
	0.9
	0.8
	0.5
	0.7
	1.0
	0.8
	0.7
	0.7
	0.6
	0.6
	0.6
	0.4
	0.3

	
	IF
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7

	
	PF
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	
	RF
	2.8
	3.5
	3.0
	1.9
	2.4
	3.5
	2.7
	2.6
	2.6
	2.2
	2.2
	2.0
	1.5
	1.3

	France
	TF
	1.4
	1.4
	1.6
	1.6
	1.7
	1.7
	1.4
	1.1
	0.9
	0.8
	0.8
	0.7
	0.5
	0.4

	
	IF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.5
	0.6
	0.6
	0.5
	0.5
	0.5

	
	PF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	RF
	3.7
	3.8
	4.2
	4.2
	4.6
	4.5
	3.6
	2.9
	2.9
	2.5
	2.5
	2.2
	1.7
	1.4

	Germany
	TF
	1.2
	0.8
	0.9
	1.0
	1.1
	1.1
	1.1
	1.2
	1.3
	1.1
	1.1
	1.0
	0.8
	0.6

	
	IF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7

	
	PF
	0.8
	0.8
	0.8
	0.8
	0.8
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.8
	0.7

	
	RF
	2.7
	1.7
	1.8
	2.1
	2.2
	2.2
	2.2
	2.5
	2.5
	2.2
	2.2
	2.0
	1.5
	1.2

	Greece
	TF
	0.7
	0.6
	0.4
	0.2
	0.2
	0.2
	0.3
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.1

	
	IF
	0.5
	0.5
	0.6
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.6
	0.6
	0.6
	0.6
	0.6

	
	PF
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.4
	0.3
	0.4
	0.4
	0.4

	
	RF
	3.6
	3.6
	2.1
	1.2
	1.4
	1.2
	1.6
	1.3
	1.3
	1.1
	1.1
	1.0
	0.8
	0.6

	Ireland
	TF
	1.1
	1.7
	1.0
	1.3
	1.1
	1.3
	1.7
	1.6
	1.6
	1.4
	1.4
	1.3
	0.9
	0.7

	
	IF
	0.8
	0.8
	0.8
	0.9
	0.9
	0.8
	0.9
	0.9
	0.9
	0.8
	0.8
	0.8
	0.8
	0.8

	
	PF
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	RF
	3.4
	5.4
	3.0
	3.7
	3.1
	3.5
	4.6
	3.9
	3.9
	3.4
	3.4
	3.1
	2.3
	1.9

	Italy
	TF
	0.7
	1.0
	0.9
	0.9
	1.0
	0.7
	0.6
	1.2
	1.2
	1.1
	1.1
	1.0
	0.7
	0.6

	
	IF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	PF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	RF
	1.9
	3.2
	2.7
	2.7
	2.9
	2.1
	1.7
	3.5
	3.5
	3.1
	3.1
	2.8
	2.1
	1.7

	Netherlands
	TF
	1.2
	0.9
	0.7
	0.7
	0.9
	1.2
	1.2
	1.6
	1.6
	1.5
	1.4
	1.3
	1.0
	0.8

	
	IF
	0.5
	0.5
	0.6
	0.6
	0.6
	0.6
	0.6
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7

	
	PF
	0.5
	0.5
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	RF
	4.1
	3.1
	2.0
	2.2
	2.6
	3.2
	3.2
	4.2
	4.2
	3.6
	3.6
	3.3
	2.5
	2.0

	Portugal
	TF
	0.2
	0.2
	0.2
	0.2
	0.3
	0.3
	0.3
	0.3
	0.3
	0.2
	0.2
	0.2
	0.1
	0.1

	
	IF
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.4
	0.4
	0.5

	
	PF
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	
	RF
	1.1
	1.1
	1.2
	1.4
	1.6
	1.6
	1.5
	1.7
	1.7
	1.5
	1.5
	1.4
	1.0
	0.9

	Spain
	TF
	0.3
	0.3
	0.3
	0.4
	0.5
	0.3
	0.3
	0.4
	0.4
	0.3
	0.3
	0.3
	0.2
	0.2

	
	IF
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	PF
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	RF
	0.9
	1.2
	1.1
	1.3
	1.8
	1.1
	0.9
	1.3
	1.3
	1.1
	1.1
	1.0
	0.8
	0.6


Note: The figures show the effects defined by (3) (actual demand for the period 1991 -1998 and hypothetical demand for the period 1999-2003, see text for calculation of hypothetical demand). TF – total factor, IF – intra-trade factor, PF – pooling factor, RF – regime factor. The EMU period is shaded in grey. 

Table B2: The effects of the EMU+ on foreign reserves for the newcomers, 1994-2004.  

	Country
	Factor
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004

	Cyprus
	TF
	0.4
	0.7
	0.6
	0.6
	0.6
	0.6
	0.5
	0.5
	0.4
	0.3
	0.2

	
	IF
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.6
	0.6

	
	PF
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	
	RF
	2.9
	4.6
	3.4
	3.5
	3.8
	3.8
	3.3
	3.3
	3.0
	2.3
	1.9

	Estonia
	TF
	0.6
	0.6
	0.7
	0.7
	0.8
	0.8
	0.8
	0.8
	0.7
	0.5
	0.4

	
	IF
	0.6
	0.5
	0.6
	0.6
	0.6
	0.6
	0.6
	0.7
	0.6
	0.6
	0.5

	
	PF
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	
	RF
	6.3
	6.2
	6.3
	5.9
	6.4
	6.4
	5.6
	5.6
	5.0
	3.8
	3.1

	Latvia
	TF
	0.5
	0.6
	0.7
	0.6
	0.6
	0.6
	0.5
	0.5
	0.5
	0.4
	0.3

	
	IF
	0.7
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.5
	0.5
	0.6

	
	PF
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	
	RF
	4.4
	5.9
	5.6
	5.0
	5.7
	5.7
	4.9
	4.9
	4.5
	3.4
	2.8

	Lithuania
	TF
	1.0
	1.0
	1.1
	1.0
	0.7
	0.7
	0.6
	0.6
	0.6
	0.5
	0.4

	
	IF
	0.8
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7

	
	PF
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	
	RF
	6.5
	6.0
	6.9
	6.0
	4.6
	4.6
	4.0
	4.0
	3.6
	2.7
	2.3

	Malta
	TF
	0.2
	0.3
	0.3
	0.2
	0.3
	0.2
	0.2
	0.2
	0.2
	0.1
	0.1

	
	IF
	0.5
	0.5
	0.6
	0.5
	0.6
	0.6
	0.6
	0.6
	0.5
	0.5
	0.5

	
	PF
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	
	RF
	2.0
	2.6
	2.4
	2.4
	2.4
	2.4
	2.0
	2.0
	1.8
	1.4
	1.2

	Slovenia
	TF
	0.6
	0.6
	0.5
	0.3
	0.3
	0.3
	0.3
	0.3
	0.2
	0.2
	0.1

	
	IF
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.4

	
	PF
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	
	RF
	5.3
	5.3
	4.1
	2.7
	2.8
	2.8
	2.4
	2.4
	2.2
	1.6
	1.3
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Notes: 


OD = Ru,i     and     OA = Ri


Total factor	  = OD / OA	=Ru,i /Ri 


Intra-trade factor = OB / OA	= (M̃i /Mi)(


Pooling factor 	  = OC / OB 	= (i1-(	


Regime factor 	  = OD / OC 	= cu/ci	


























A




















O




















* EuroBaltic Centre of Excellence,Vilnius University, Lithuania and Aarhus School of Business, Denmark: � HYPERLINK "mailto:jorgen-drud.hansen@ef.vu.lt" ��jorgen-drud.hansen@ef.vu.lt�. 


** EuroBaltic Centre of Excellence, University of Latvia, Latvia: � HYPERLINK "mailto:vitaking@apollo.lv" ��vitaking@apollo.lv�.


*** EuroBaltic Centre of Excellence, Vilnius University and Vilnius Academy of Management, Lithuania: � HYPERLINK "mailto:vkved@takas.lt" ��vkved@takas.lt�. 


� The national central banks position of shares reflects roughly the relative size of the euro countries measured by an average of shares of GDP and population; see Scheller (2004) for details about the institutional structure of the ECB.


� In our empirical model we account for variability of reserves, alternative costs of keeping reserves and the exchange rate regime effects - for details see Appendix A. 


� In the actual data there are unsystematic changes that do not reflect any clear deterministic trend pattern, but they are not stable enough to be thought as being stationary, therefore we use the last available point as the best estimate. 


� The Optimum Currency Area Theory suggests that countries, which trade intensively with each other might be less vulnerable for asymmetric shocks and hence, more fit for making a currency union, see McKinnon (1963) for this view. As stressed in this paper those countries might reap an additional gain of making a currency union because of the decrease of need for reserves.  


� The specific choice of entrance year may influence the results although, as reported in the previous section, the past experiences point to a relative stable intra-trade effect and pooling effect. 
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