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Abstract

This study examines the determinants of the currency composition of
foreign exchange reserves for both industrial and developing
countries. During the period from 1976-85, our empirical results
indicate that the currency composition of reserves has been influenced
by each country's exchange rate arrangements, its trade flows with
reserve currency countries, and the currency of denomination of its
debt-service payments. The evidence is consistent with the view that
managing the currency composition of a country's net foreign asset
position is done more cheaply by altering the currency of denomination
of assets and liabilities that are not held as reserve assets.
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I. Introduction

While the currency composition of foreign exchange reserves was a
key element in the discussions of the Substitution Account during the
19705, the relative stability of the currency composition of aggregate
reserve holdings since 1980 and the belief that official reserve port-
folio practices have had little effect on exchange rates subsequently
limited the attention focused on this topic. However, the sharp swings
in exchange rates between the major industrial countries in the 1980s
and the large scale exchange market intervention that has been under-
taken by the authorities of those countries have lead to proposals for
achieving greater exchange rate stability through the use of coordinated
intervention, target zones, or a return to fixed parities. Reserve
management practices could be important determinants of the stability of
any such new arrangements. Moreover, even under current exchange rate
arrangements, there is the issue of how countries have responded to the
the greater variability of exchange rates by changing either the level
of reserve holdings or by altering the currency composition of these
reserves in order to attain a more stable value for their reserve port-
folio.

One of the major shortcomings of most earlier analyses of the
currency composition of foreign exchange reserves has been the use of
data representing the portfolio of behavior of country groups (e.g., the
industrial countries). This has made it difficult to distinguish
between the changes in the currency composition of a group's foreign
exchange reserves due to shifts in the portfolio preferences of the
authorities in individual countries from those due to changes in the
distribution of reserves across countries within the group. This study
separates these effects through the use of a combined cross-country,
time series regressions which are based on data from individual coun-
tries. For the period 1976-85, ocur empirical results are consistent
with the view that, while risk and return considerations played a role
in determining countries' net foreign asset (liability) positions in
different currencies, their gross holdings of reserve assets were more
strongly influenced by transaction needs and exchange rate arrangements.

II. Trends in the Currency Composition
of Foreign Exchange Reserves

1. Aggregate Data

Between the end of 1976 and the end of 1986, the evolution of the
currency composition of foreign exchange reserves reflected an ongoing
diversification of official portfolios. As part of its collection of
data on international reserves, the International Monetary Fund regu-
larly surveys its members regarding the currency composition of their




Table 1. Share of National Currencies in Total Idertified Official
Holdings of Foreign Exchange, 1976-86 1/
(In percent)
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
Al contries
U.S. dollar 78.8 79.2 76.1 73.2 68.6 71.5 70.5 7.2 69.4 64.2 66.2
Pound sterling 2.2 2.1 1.8 2.0 2.9 2.2 2.5 2.6 3.0 3.1 2.8
Deutsche mark 8.2 8.4 11.0 12.1 15.0 13.0 12.5 1.7 12.5 15.2 15.0
Frerch franc 2.0 1.3 1.1 1.3 1.7 1.5 1.4 1.1 1.1 1.3 1.2
Japanese yen 2.5 2.7 3.4 3.6 by 4.3 4.8 4.9 5.7 7.8 7.6
Unspecified ,
currencies 2/ 6.2 6.1 6.5 7.6 7.4 7.5 8.2 8.4 8.4 8.4 7.2
Industrial countries
U.S. dollar 87.0 89.0 86.2 83.5 T7.6 78.7 T7.1 77.4 73.6 65.4 68.8
Pound sterling 1.8 1.7 0.7 0.8 0.8 0.7 0.8 0.9 1.6 2.1 1.6
Deutsche mark 4.y 4.6 7.9 9.5 4.4 13.0 12.5 13.1 15.2 19.8 17.8
French franc 0.5 0.3 0.4 0.6 0.5 0.5 0.4 0.3 0.4 0.5 0.6
Japanese yen 1.9 1.8 2.3 2.6 3.5 3.8 4.5 5.2 6.3 8.8 8.1
Unspecified
currencies 2/ 4.3 2.6 2.5 3.0 3.2 3.2 u,7 3.2 2.9 3.4 3.1
Developing countries
U.S. dollar 7.9 69.5 62.7 62.9 59.8 6U.1 63.8 64.8 64,9 62.8 62.3
Pound sterling 2.4 2.6 3.2 3.2 5.0 3.6 4.3 4.5 4.y 4.y 4,6
Deutsche mark 1.5 12.3 15.2 14.8 15.5 12.9 12.6 10.3 9.7 9.9 10.7
French franc 3.3 2.3 2.1 2.1 2.9 2.5 2.5 1.9 1.7 2.2 2.2
Japanese yen 3.0 3.6 4.8 4.6 5.3 4.9 5.1 4.7 5.0 6.7 6.8
Unspecified
curencies _2_/ 7.9 9.6 12.0 12.3 1.5 12.0 1.7 13.9 14,2 14,1 13.5

Sources:

International Moretary Fund, various publicatiors, the Annual Report, amd staff estimates.

1/ Starting with 1979, the SIR value of European currency units (EQUs) issued against U.S. dollars is
added to the SDR value of U.S. dollars, but the SIR value of ECUs issued against gold is excluded fram the
total distributed here,

2/ This residual is equal to the difference between total identified reserves and the sum of the reserves
held in the five currencies listed in the tanle.




foreign exchange reserves. This currency composition data are reported
for the major country groups in the Fund's Annual Report and are sum-
marized in Table 1. 1/

For all countries taken together, the most noticeable trend has
been the decline in the proportion of the reserve assets denominated in
U.S. dollars from nearly 80 percent at the end of 1976 to 66 percent at
the end of 1986. This decline has been offset principally by a rise in
the proportions held as deutsche marks (from 8 to 15 percent) and the
Japanese yen (from 3 to nearly 8 percent). 2/

The trend changes in the aggregate currency composition of foreign
exchange reserves have encompassed somewhat contrasting behavior on the
part of industrial and developing countries. For the industrial coun-
tries, the erratic but significant decline in the share of reserves
denominated in U.S. dollars from 87 percent at the end of 1976 to
69 percent at the end of 1986 was accompanied by sharp increases in the
shares of the deutsche mark (from Y4 to 18 percent) and the Japanese yen
(from 2 to 8 percent). However, three distinct phases of the decline in
the dollar share have been evident. Between the end of 1976 and the end
of 1980, the dollar share fell by 9 percentage points during a period of
a substantial depreciation of the U.S. dollar relative to other reserve
currencies. The period from the end of 1980 to end of 1984, during
which the U.S. dollar appreciated sharply, saw a much more limited
decline in the U.S. dollar share (I percentage points). However, this
share declined by over 8 percentage points in 1985 before recovering
somewhat in 1986. 1In contrast, while there has been a relatively steady
increase in the share of the Japanese yen, much of the increase in the
deutsche mark share was concentrated in the period between the end of
1976 and the end of 1980.

For the developing countries, the pattern of currency diversifica-
tion has been much more uneven. After an initial sharp decline in the
U.S. dollar share between the end of 1976 and the end of 1980 (by
12 percentage points), this share was relatively stable between the end
of 1981 and the end of 1986. In contrast, while the share of reserves
denominated in Japanese yen more than doubled over the period between

1/ 1In Table 1, European Currency Units (ECUs) which have been issued
by the European Monetary Cooperation Fund (EMCF) to the central banks of
the members of the European Monetary System in exchange for the deposits
of 20 percent of gold holdings and 20 percent of their U.S. dollar
holdings have not been treated separately. Instead, the value of ECUs
issued against U.S. dollars has been added to dollar holdings, and the
value associated with gold holdings has been excluded. The discussions
of Table I.2 of Appendix I of the IMF Annual Report, 1987 provide a more
detailed information on these adjustments.

2/ The unspecified currencies consist principally of holdings of
Netherlands guilders and Swiss francs.




1976 and 1986, the share of developing country reserves denominated in
deutsche marks reached a peak of nearly 16 percent at the end of 1980
before declining to about 11 percent at the end of 1986.

2. Previous studies

Two general approaches have been used to explain the behavior of
the currency composition of foreign exchange reserves. The mean-vari-
ance approach has stressed the influence of the risks and returns asso-
ciated with holding reserve assets denominated in different currencies.
The alternative "transaction" approach has argued that the proportion of
foreign exchange reserves denominated in a particular currency should be
related to currency composition of the authorities' exchange market
activities. Under the mean-variance approach, the utility, or desira-
bility, of a particular portfolio depends on both the expected value and
the variability of the value of the financial assets in the portfolio
measured in terms of some basket of goods. Thus, a rational government
would not put all of its wealth in the one currency that has the highest
expected yield, since this could imply a highly variable outcome for its
wealth depending on future exchange rates changes. This theory also
suggests that countries producing or consuming different goods and
services would optimally hold different portfolios of financial
assets. 1/

The alternative transaction approach postulates that the desired
currency composition of reserve assets 1s largely independent of the
optimal distribution of net wealth across currencies. Instead, the
holdings of reserve assets denominated in a particular currency will be
related to "vehicle" currency services associated with that currency.

An early study by Heller and Knight (1978) provided evidence in
support of the view that transaction needs played a major role in deter-
mining the currency composition of reserves. This study used data on
the currency composition of foreign exchange reserves obtained by the
International Monetary Fund for the mid 1970s. 1In their regression
analysis, they explained the proportions of a country's foreign exchange
reserves held as assets denominated in U.S. dollars, pound sterling,
deutsche marks, French francs, and other reserve currencies as a func-

1/ A theoretical and empirical literature has developed relating
international asset demand to principles of expected utility
maximization. Theoretical papers include Kouri (1977), Kouri and Macedo
(1978), Frankel (1979), Krugman (1981), and Dornbusch (1982). Empirical
work includes Roll and Solnik (1977), Kouri and Macedo (1978), Macedo
(1980), Dornbusch (1982), Healy (1981) and von Furstenberg (1981).

Asset demand functions derivable from expected utility maximization have
been employed to estimate the effects of changes in the relative
supplies of assets on exchange rates and rates of return. See Branson,
Halttunen and Masson (1977), Frankel (1982), and Dooley and Isard
(1984).




tion of the country's exchange rate arrangement and the share of its
trade with a particular reserve currency country. 1/ Their results
indicated that in general countries increased the Ekoportion of their
foreign exchange reserves held as a given currency if they pegged their
exchange rate to that currency; that countries tended to hold a high
proportion of dollars whether they were dollar peggers or not; and that
the Snake countries 2/ tended to hold U.S. dollars almost exclusively.
Countries also held a higher percentage of the currencies of those
reserve centers that were also their important trading partners.
Moreovey, as a country's trade share with a reserve center increased, it
held less of the other reserve currencies. However, their regression
analysis was based on individual country data at only one point in time
(the end of 1975).

In the late 1970s and early 1980s, a number of studies applied
optimal portfolio theory to the selection of official reserve port-
folios. For example, Ben-Bassat (1980, 1984) argued that a country's
optimal reserve portfolio composition depends on three factors: (1) a
country's motives for holding reserves; (2) the risk and return on the
various reserve currencies; and (3) a country's interest in maintaining
international stability. Establishing the optimal reserve portfolio
would involve first identifying the combinations reserve positions that
are on the efficiency frontier (i.e., those positions which yield the
highest rate of return for a given level of risk as measured by the
variance of yields) and then allowing the authorities to select their
preferred risk-return combination. Using data from the 1970s,
Ben-Bassat (1984) compared actual and optimal reserve portfolios for
both industrial and developing countries in 1976 and 1980. For the
developing countries, actual and optimal portfolios in 1976 were
regarded as similar. Moreover, this group reduced the U.S. dollar share
in its actual portfolio between 1976 and 1980 which further reduced the
gap between the actual and optimal reserve portfolios. However, the gap
between the actual and optimal reserve portfolios for the industrial
countries increased between 1976 and 1980. 1In addition, the proportion
of reserves denominated in the U.S. dollar held by industrial countries
that were not part of the Snake arrangements increased although the
calculated optimal portfolio implied that this proportion should
decline. It was also noted that, in the case where the authorities
preferred a low-risk portfolio, the shares of the various reserve

1/ The sum of a country's exports plus imports to a particular
reserve country divided by the sum of its total exports plus imports.

2/ The snake countries were the members of the European System of
Narrower Exchange Rate Margins.



currencies in the optimal portfolio tended to be quite similar to the
currency composition of the group's import basket. 1/

In examining the evolution of the currency composition of reserves
of developing countries, Dooley (1983) stressed the differences between
the determinants of net and gross currency positions. Many earlier
studies of gross foreign exchange holdings had concluded both that the
proportion of the foreign exchange reserves denominated in the U.S.
dollar of developing countries had varied over a narrow range and that
observed charges mainly reflected exchange rate changes. Dooley noted,
however, that net currency positions had changed sharply as the share of
net liabilities denominated in the U.S. dollar rose from 25 to 60 per-
cent of their total net external liabilities between 1974 and 1979.
Moreover, it was argued that there were a number of difficulties associ-
ated with applying the mean-variance optimal portfolio approach to
explaining the level and currency composition of gross foreign exchange
holdings. First, the optimal portfolio approach really applies to
allocation of wealth to net holdings of particular assets; whereas
foreign exchange data refers to gross holdings of particular assets.
Second, in order for the optimal portfolio approcach to be useful, it
must encompass decisions regarding all of the financial positions;
whereas reserve holdings constitute only a small subset of potential
assets or liabilities. This means that both the yields on a variety of
assets and liabilities other than reserve assets and the covariances of
these yields with the returns on reserve assets would typically have to
be included as determinants of optimal reserve positions. In addition,
since reserve decisions are made by central banks which use their
reserve instruments for transactions, it may be more efficient for the
typical government to alter its net foreign currency position by
changing the currency composition of its assets and liabilities not held
as reserves, As a result, the currency composition and level of foreign
exchange reserves would most likely reflect the authorities' transaction
needs in the foreign exchange market. Finally, mean-variance portfolio
considerations would be relevant for a single country; whereas the
currency composition of foreign exchange reserves data considered in
most studies referred to country groups rather than individual coun-
tries. Dooley's empirical analysis supported the view that reserve
assets are held for transaction reasons, and the currency composition of

1/ Macedo, Goldstein, and Meerschwan (1984) examined the optimal
diversified portfolio for an agent (not necessarily a central bank)
operating in international financial markets. Based on data from April
1973 to March 1981, they calculated the optimal portfolio for investors
holding gold and short-term financial assets denominated in eight major
currencies. The minimum variance portfolio was found to include long
positions in four currencies (98 percent in duetsche marks) and gold,
and short (net negative) positions four currencies (including the U.S.
dollar). The net negative positions were interpreted as borrowing in
the particular currency.




such assets was determined by the consideration that they could be
easily liquidated and used to make payments.

Recently, Horii (1986) examined reserve currency diversification
during the 1970s and 1980s. Although Horii noted that the currency
composition of reserves should be studied on an individual country
basis, he focused on country group data since individual country data
were unavailable. After allowing for factors that altered the distribu-
tion of reserves across countries; he argued that there was no large
scale diversification out of reserve assets denominated in the U.S.
dollar for all countries during the 1970s and 1980s.

However, some diversification was evident when consideration was
given to the subgroups of industrial countries, oil exporting countries,
and the non-o0il developing countries in the overall period 1972-84 as
well as for the subperiods 1972-76, 1976-79, and 1980-84. Overall,
there was some evidence of a movement out of reserves denominated in
pounds sterling in 1972-76, a small shift from U.S. dollar to deutsche
mark denominated instruments in 1976-79 (mainly due to passive exchange
rate changes), and a slight diversification out of U.S. dollars denomi~-
nated instruments in 1980-84. These results led Horii to conclude that
the currency composition of reserve holdings could not be explained in
terms of a transaction demand determined by trade flows alone since
capital flows have become increasingly important. Moreover, the
stability of the currency composition of reserves during a period of
significant changes in exchange rate arrangements did not support the
view that such arrangements were important determinant of the currency
composition as suggested by Heller and Knight. Finally, Horii calcu-
lated the reserve portfolios that should have existed under efficient
portfolio theory for 1979 (using data from 1974 to 1979) and 1984 (using
data from 1979 to 1984). In general, optimal holdings for U.S. dollar
denominated reserves were well below actual holdings in both years. 1In
contrast, actual holdings of reserves denominated in deutsche marks,
French francs, and pounds sterling were well below their calculated
optimal levels.

III. Analysis of Currency Composition of Foreign
Exchange Reserves Based on Country Data

As already noted, one of the principal shortcomings of most pre-
vious studies of the currency composition of foreign exchange reserves
has been the use of data on the portfolio preferences of country groups
rather than those for individual countries. The use of data for country
groups makes it impossible to distinguish between changes in the
currency preferences of individual countries and shifts in the distribu-
tion of reserves across countries that are members of the group. This
study is designed to overcome these problems by employing a cross
country-time series analysis of the International Monetary Fund's data
on the currency composition of foreign exchange reserves for both indus-
trial and developing countries for the period from 1976 to 1985.



Our analysis is designed to test the hypothesis that, while a
country's net foreign currency position is influenced importantly by
risk and return considerations, its gross holdings of foreign exchange
reserves will be principally motivated by transaction concerns. How-
ever, in measuring these transactions needs, it is important to consider
the scale of both trade and capital flows that the authorities are
likely to encounter in the foreign exchange market. Our model is a
direct complement to those models of the demand for reserves which
relate holdings of reserves to the scale of a country's imports, its
degree of openness and the variability of the country's balance of
payments. 1/ While such models seek to explain the overall holdings of
reserves and takes the currency composition of these reserves as
exogenous, this study attempts to identify the determinants of the
currency composition while taking overall holdings of foreign exchange
reserves as exogenous. Our empirical results suggest that, both
developed and developing countries take into account the currency compo-
sition of their foreign exchange market transactions as well as the
nature of their exchange rate arrangements when selecting the currency
denomination of their foreign exchange reserves. Moreover, for develop-
ing countries, the currency composition of debt-service flows has been
as important as trade flows in determining the proportions of foreign
exchange reserves held in each of the major reserve currencies.

1. Basic model

In this section, we consider a simple model which incorporates the
role of the transactions costs into the traditional mean-variance
approach to the determination of a country's optimal portfolio of exter-
nal assets and liabilities. It is argued that, while the mean-variance
approach provides a description of the authorities' net foreign asset
{(or liability) positions in each potential currency of denomination, the
structure of transactions costs as well as the scale of a country's
anticipated foreign exchange market transactions are the principal
determinant of each county's gross asset positions including their
holdings of foreign exchange reserves.

In the standard optimum international portfolio model, 2/ the
optimum proportion of currency i in a country's net foreign asset port-
folio is determined by the expected real returns on holding positions in
different currencies as well as the covariances between the yields. If
X4 represents the proportion of currency 1 in the authorities' pgrtfolio
and X is the vector of the Xi» then the mean (m) and variance (¢ ) the
return on the net foreign asset position will be given by

(1) m = X'R

1/ Lizondo and Mathieson (1987) provide a comparison of empirical
estimates of alternative specifications of these models.
2/ For example, see Roll (1977), Macedo (1980), and Horii (1986).




(2) ¢° = X'VX

where:
R = vector of expected real returns on maintaining a position in
the various currencies.

V = covariance matrix of expected real yields. 1/

Under the assumption that the authorities' utility is positively
related to the expected return on their portfolio and negatively related
to portfolio risk, 2/ the optimal vector of portfolio positions (x™)
will be given by (see Horii (1986)).

-1

* -1 1 -1
(3 X =V "e/eV e + (1/b) V

A - 1] —
(R-(R V le/e v le)e)

where e 1s the unit vector and b is the degree of relative risk
aversion.

To illustrate the relationship between net and gross assets
positions implied by the solution to (3), it is convenient to focus on
the situation where there are only two currencies: dollars (currency 1)
and deutsche marks (currency 2). Let A, represent the holdings of
assets in currency 1; L; be the issuance of liabilities in currency i;
and Ny equal the net asset position in currency i(=A,-L,). Moreover,
let the country be a net debtor where W (< 0} represents the overall
size of its net debt position (taken as exogenous). 3/ Assume that the
solution to (3) indicates that the optimal net portfolio implies that
half of the country's debtor position should be denominated in dollars
and half in deutsche marks (N,= N_). If the country had no gross
assets, then the liabilities 1ssued in each currency would have to be
equal, L, =L, as shown in Figure I for A = 0. In the more general case,
the debtor may hold A¥*¥ in gross assets, but it can still maintain its
desired net debt position in each currency (N.= N,.) by altering the
currency denomination of its liabilities (L*). Suppose, for example,
that to minimize transactions costs, the aythorjties chose to hold most
of their gross assets in dollars so that A, > A, (Figure I). 1In order
to maintain their desired net positions In each currency, the country

1/ The expected real yield on a position in currency i (r ) is
defined to equal the nominal yield adjusted for the antlclpated changes
in the exchange rate and the 1nflat§on rate for domestic prices.

2/ For example, U =m - (b/2) ¢

3/ Let total foreign assets be given by A= Ay + A5 if the exchange
is inltlally equal to 1) and total foreign liability are given by
L(= Ly + LZ)' Thus, W = Ay + Ay - Ly - Ls.
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would have fo 1sgue dollar and deutsche mark gross liabilities such that

- A = L2 - A,. This implies that the theory of optimal net foreign
exchange positions places no obvious theoretical restrictions on the
currency denomination of a country's gross reserve position. 1/

In the content of this two currency model, the roles of
transactions costs and risk-return considerations in determining a
country's neft and gross asset positions can be described more formally
as follows. As noted earlier, let Ai be gross holdings of reserve
assets denominated in denominated in currency i, and L.i be the gross
external liabilities issued in that currency. The country can hold
reserve assets in currency i that yield a random real world interest

rate which has a mean of ry and varlance o . Alternatively, the

2
rl
nnnn’rr'v can borrow in currency i and must pav r + d.. where d is a

(AP VIS L Avig vy LS P (=3

positive constant that reflects the spread between tﬁe lendlng and

borrowing rates. The net interest earned on a given net asset position
is ri(Ai-Li) - diLi'

The expected return on the country's foreign asset and liability
positions will be given by:

() m

r1A1+r2A2 - (r1+d1)L1 -~ (r‘2+d2)L2

(r1+d1)N1 + (r‘2+d2)N2 - d1A1 - d A,

with Ni = Ai - Li

The variance of this return will therefore equal

* N; 05 * 2N1N2 cr r
1 2 12

2 . -
where o, = variance of yield ry
i

Op p = covariance of yields ri and r

i’ 3’

In addition to earning net interest income, the authorities also
incur transactions costs associated with their exchange market

1/ If the desired position could not be met by manipulation of gross
assets and liabilities, the same results could be attained by utilizing
forward exchange contracts.
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Figure I

Gross and Net Foreign Asset
and Liability Position
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transactions. 1/ To simplify our analysis, it is assumed that the
amount of transactions the country must undertake in each currency in
each period of time can be described by three possible states of nature
(Figure II).

(¢ t2) occurs with probability w, (point B in Figure II)

1’ i

(t1, T-tl) occurs with probability m, (point C in Figure II)

(T-tz, t2) occurs with probability s (point D in Figure II)

with T > t.1 + t2 and ﬂ1 + n2 + n3 = 1.

Given this transaction structure, the country faces transaction
costs that are influenced by two factors. First, there is the cost of
converting one currency into another. If the authorities hold
sufficient reserves denominated in a given currency (A.) to meet the
exchange market transactions in that currency, then it is assumed that
the authorities do not incur any transaction cost. For example, assume
that the authorities' holdings of reserves are represented by point A in
Figure II, with A, of currency 1 and A, of currency 2. If actual
transactions were ¢, and t,, point B in Figure II, the country would not
incur any transactions cos%s since its reserve holdings in each currency
would be sufficient to meet all transactions in the respective curren-
cies. However, when the transactions are such that the authorities
exhaust their holdings of reserves denominated in one currency, they
must convert the holdings of reserves denominated in the other curren-
cies into the first currency, and this results in transactions costs.

In Figure II, for example, if actual transactions were represented by
either point C or D, the authorities would incur the costs of converting
reserves from one currency to another currency since the amount of
reserves in one of the currencies will be lower than the level of trans-
actions in that currency.

The second type of cost is associated with the possiblity that the
authorities may exhaust their reserve holdings. As Figure II is drawn,
points C and D represent situations where the country's total reserves
are inadequate. Such an outcome could force the authorities to engage
in "emergency" borrowing which is assumed to be relatively costly.

The costs of converting currencies or engaging in emergency borrow-
ing to offset reserve shortages are taken as being represented by

l/ These could include transactions such as exchange markef interven-
tion designed to sustain an exchange rate policy or official purchases
of foreign goods and services.
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quadratic functions of the amounts involved. 1In terms of Figure II, if
the outcome of transactions is B, there is no transactions cost since
the level of reserves held in each currency is higher than the level of

Lransactions in the respective currency, A, > t, and A, > t,. If the
outcome is C, holdings of currency 1 are higher than transactions in
né MIIVAVI AV Ay A N - Ritdke AT Al mma ~AF AinmarmaAarmasyr 2 mana 1 Aaranm Elaan

LilaL Ccuw i clivy, A 7 L,y LUL 1HLULIULIIKS Ul CUurreiiCy « arc 10wgcl vilall
transactions in that currency A, < T-t.. In addition, total holdings of

reserves A1 + A, are lower than total transactions T. Therefore, there
is a cost assoc%ated with the conversion of the excess of currency 1

intn currencvy 2?2 A - T and onsty asaneiated with the averall
A lLU\/ Al 1 Nl y =] I V.l 1] LAl A A RV Uivuewiliavewu Wi il viivg V¥l Gl

shortage of reservés T A_. The same type of reasoning applies to
outcome D. As a result, the expected conversion and reserve shortages

costs for holdings of reserves A1 and A2 are given by: 1/

(6) E(te) = mye (A1—t1)2 + m.c (A2-t2)2 * (myrmg) p (T-A —A2)2

3 1

where ¢ and p are parameters associated with the conversion of reserves
from one currency to another and reserve shortages, respectively.

In determining their holdings of foreign assets and issuance of
foreign liabilities, the authorities are assumed to maximize a utility
function which is a positive function of the expected return (m) on
their net foreign asset portfolio (net of expected transactions and
emﬁrgency borrowing costs) and negatively related to the variance
(o7) of the yield on its portfolio. In particular, the authorities
select A., A,, L,, and L, subject to the constraint imposed by the size
of their overall net foréign asset position 2/ W= A, + A_ - L, - L, =

- 1 2 1 2
N, + N,. Thus,

1 2
2
(7) U=m-=- bs - E(te)
where m = (r'1+d1)N1 + (r2+d2)(W—N1) - d1A1 - d2A2
= (r2+d2)w + (r‘1+d1 —r2—<12)N1 - d1A1- d A,
02 = N2 6 + (W-N.)2 0 2 + 2N, (W-N,) o
1 r1 1 r2 1 1 r1r2

l/ This formula strictly applies only for points within the triangle
BCD in Figure I. However, it can be shown that with appropriate
restrictions on the parameters of the model, only those points are
relevent. Analyzing points outside the triangle ABC would lengthen the
discussion without adding new insights.

2/ W can be either positive or negative.
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Figure II
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and with E(te) as defined in equation (6).

As shown in Appendix II, the first order conditions yield

(026 _ )
(r,+d, -r._~-d,) %% "% p
(8) N - 12t o T2 Til2
1 2bD D
2
(r.+d.-r,-d,) (Ur % p )
(9) N = 2 2 11 W 1 1" 2
2 2bD D
with D = orz + orz - 2°r r
1 2 1" 2
and Al and A2 are given by
w3A + w2t1- n3t2 d2 - d1
(10) A1 - (m, + 7)) * 2c(w. +7.)
2 3 2 '3
HZA + ﬂ3t2 - n2t1 d1 - d2
(1) A2 - (w +m.) * 2e(m, + 7))
2 3 2 3
2p(w.+m )2 T+ 2c w, n, (t.*t.) - (w,d, +w.d.)
(12) A = 2’ "3 2 "3 "1 3% 2%
2p(m +7 )2 + 27, M.C
2 3 23

Equations (8) and (9) imply that the country's net foreign asset
position in each currency are determined by the expected yields (or
borrowing costs), the variances and covariances of these yields, and the
degree of relative risk aversion; but these positions are independent of
the structure of transactions costs or the likely volume of exchange
market transactions. In contrast, equations (10)-(13) imply that gross
holdings of reserve assets will be influenced by transactions costs
associated with currency conversion and reserve shortages, and by the
minimum and maximum level of potential exchange market transactions. As
a result, the currency composition of foreign exchange reserves will
also reflect these transaction considerations.
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2. Empirical model

The hypothesis that transactions needs are the principal determi-
nants of the currency composition of foreign exchange reserves can be
examined in terms of the behavior of the proportion of reserves denomi-
nated in each of the major reserve currencies. In particular, equations
(10) and (11) imply that the currency composition of reserves (as
represented by Ai/A) would be sensitive to the scale of transactions in
a given currency relative to total transactions (as well as other
variables). However, the scale of exchange market transactions
undertaken by the authorities would also be influenced by the nature of
its exchange rate arrangements they select. For example, maintaining a
fixed exchange rate might require a higher level of exchange market
intervention in a particular currency than maintaining a floating
exchange rate. This relationship between the currency composition of
reserves, the relative scale of exchange market transactions in
different currencies, and exchange rate arrangements can be represented
empirically by

Ai k,T 5

s Ny _

(13) = =8yt I B, LTR ,V,t/TTl,t]

A, v=1

i,t .

V=1

5
+vfl Bz,v [Di,v,t/TTi’t]
vei

5
+ T E. +

s=1133,3 i,s,t ui,t

where t=1,....,T (number of periods)

i=1,....,n {(number of countries)

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

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

A, = reserves of country i held as assets denominated in the

i,k,t

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

Di v.L = debt service payments of country i denominated in the

’ »

currency of reserve currency country v at time t.
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Ei s.t = exchange ratve arrangement of type s adopfed by country i
T at tvime t.
Ki,t = total end of period foreign exchange reserves for
country i at time t (measured in U.S. dollars)
TTl g = sum of exports, imports, and (in the case of developing
’ countries) debt-servicing payments
TRi vt = trade flows (exports plus imports between country i and
H 1

reserve currency country v) at time t.

In this formulation, the proportion of a country's reserves held in
assets denominated in a particular currency is assumed to be influenced
by the currency composition of both its trade flows and debt-servicing
payments as well as the nature of its exchange rate arrangements. Trade
transaction denominated in a particular reserve currency are represented
by the sum of imports and exports between country i and reserve currency
country v. The reserve currency countries in this study are taken as
France, the Federal Republic of Germany, Japan, the United Kingdom, and
the United States. Since the currency composition of a country's import
and export contracts need not correspond to the country pattern of its
trade flows (e.g., contracts for oil imports from a Middle East oil
producer could be denominated in U.S. dollars), this measure can only be
taken as an approximation to the true proportion of trade flows
denominated in particular currency. Despite these shortcomings, earlier
studies (e.g., by Heller and Knight (1978)) of the currency composition
of foreign exchange reserves have found that this measure of the
distribution of trade flows to,be a useful explanatory variable.
However, the signs of the B8, s are subject to some ambiguity. While

: . v ; .
an increase in trade flows éb a given reserve currency v would be likely
to lead to increase holding of reserve denominated in that reserve
currency (8, > 0), the signs of the other B, (i=v) could be either
negative or positive. For example, larger imﬁéxts from reserve currency
country A could imply the need for larger holdings of reserve country
B's currency if some of the these imports were priced in terms of B's
currency.

Since data on financial flows are not available for most countries,
the scale of financial flows was proxied by the level of interest
payments associated with the country external debt denominated in the
different currencies. A country's external debt was measured in terms
of its public and public guaranteed debt as reported in the World Debt
Tables published by the World Bank. 3ince this data is reported by
currency of denomination, the interest payments in the different curren-
cies were approximated by multiplying the stock of debt denominated in
each currency by six-month Eurocurrency deposit rate for that currency.
Obviously this measure captures only one component of financial flows;
but, for many of the developing countries in our sample, interest
payments on external debts account for a significant portion of total
financial flows.
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The effects of a country's exchange rate arrangements on the cur-
rency composition of its foreign exchange reserves were represented by a
series of dummy variables corresponding to the type of arrangements
employed by a country during each year being considered. The arrange-
ments were classified into categories similar to those used in the
Fund's Annual Report on Exchange Rate Arrangements and Trade Restric-
tions. The categories include pegged to the U.S. dollar, pegged to the
French franc, pegged to a composite or other currency, member of a
cooperative arrangement, and flexible exchange rate. 1/ While the
placement of countries within this spectrum of arrangements is to some
degree arbitrary, these categories do reflect the employment of greater
or lesser degrees of exchange rate flexibility. 1In the regressions, a
country's exchange rate arrangement is represented by a series of zero-
one dummy variables one for each type of arrangement. Since there is a
general intercept term in the each regression (B, s) and the set of
exchange rate arrangements is exhaustive, one of the exchange rate
arrangement dummies was exg¢luded in each regression to avoid creating a
linear dependency. The B, s in each regression therefore reflect the
effects of both the excluged exchange rate arrangement and other factors
not represented by trade and capital flows.

Since earlier analysis found that the behavior of the currency
composition of reserves of the industrial and developing countries
differed, our study examines separate regressions for these groups.
Moreover, although the World Bank debt reporting system contains exten-
sive information on the currency composition of the external debt of the
developing countries, no such comparable reporting system exists for
industrial countries. While some industrial countries do not appear to
have any external debt denominated in foreign currencies (e.g., the
Federal Republic of Germany and Japan), many others (e.g., certain
Scandinavian countries) have significant amounts of such debts. The
absence of comprehensive information the currency composition of
external debt for the industrial countries means, however, that the
interest payments variable has been excluded from the industrial country
regressions.

This specification was estimated using data on the currency compo-
sition of foreign exchange reserves supplied to the International Mone-
tary Fund on a regular basis by a large number of central monetary
institution. A series of five cross-section time series regressions for
each of the groups of industrial and developing countries were esti-
mated. In these regressions, the dependent variables were the propor-
tion of foreign exchange reserves held as instruments denominated in the
U.S. dollar, pounds sterling, the deutsche mark, French francs, and the
Japanese yen. The explanatory variables were the exchange rate regime,
the five variables representation trade with the reserve centers (as a

1/ This last category includes independent floaters, those countries
with managed floating, and those countries with other flexible arrange-
ments.
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proportion of total trade plus interest payments) and, in the case of
developing countries, five variables reflecting the interest payments on
external debt (as a proportion of total trade plus interest payments).
Data from a total of 19 industrial countries and 39 developing countries
were included. 1/ The data consist of annual observations for each
country's variables for the period from 1976 to 1985. It should be
noted that, in this formulation, the marginal effects of exchange rate
arrangements, trade flows, and interest payments are assumed to be
uniform across countries (i.e., there are no country specific parame-
ters). 2/

3. Estimation methods

Estimation of equation (13) using ordinary least squares (OLS)
techniques would in general be inappropriate since the dependent vari-
able can only take values in the interval (0,1). To illustrate the
nature of the problems involved, left the standard regression model be
represented by:

(1) y; = B'x, + u,

where B is a k x 1 vector of unknown parameters; X4 is a k x 1 vector of
known independent variables, and the ui's are residuals indepengently
and normally distributed with mean zero and a common variance ¢ .

Since u; are assumed to be normally distributed, this model implies that
y; may take any positive or negative value, which is inconsistent with
the particular dependent variable in our problem.

More appropriate for our purposes is the censored regression model,
also known as the tobit model. 3/ In our particular case, this model
can be represented by:

]
hon]

(15) Yy Xty if 0 < RHS < 1

W
(&)

(16) vy, if RHS £ 0O

1

1/ Other countries were excluded because of incomplete information on
either reserve holdings, trade flows, or external debrt.

2/ While it might be useful to allow for country specific parameters,
they would provide information about individual holdings which would
violate the confidentiality of the data file.

3/ Tobin (1958) was the first to discuss the estimation of the param-
eters of the truncated normal distribution in the regression context,
and to relate it to the literature on probit analysis.
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17 y, = 1 if RHS z 1

where the B and u; are defined as above. This model implies that the
authorities decide on the share of a particular currency in their
foreign exchange reserves according to the linear function in (15), but
they hold a share of either zero or one when that linear function indi-
cates a negative share or a share higher than one, respectively.

Estimation of a censored regression model by OLS results in biased
and inconsistent estimators. Maximum likelihood (ML) estimators, on the
other hand, are consistent and asymptotically normal. 1/ Among the
various procedures available to obtain ML estimates, we used an itera-
tion method suggested by Fair (1977). 2/ Although the problem we
examine in this paper is strictly described by the two-limit censored
regression model in (15), (16), and (17), we estimated a one-limit model
because there were virtually no observations on the upper limit 3/ and
observations on both limits are needed to estimate a two-limit model. ﬂ/
Thnerefore, the estimated model was:

(18) vy Brx, +ouy if RHS > 0

1

1]
o

(19) Yy otherwise

As indicated by Dhrymes (1986), it is convenient to have separate
goodness of fit statistics for observations with Yy > 0 from those for
observations with yi = 0. For the set of observations with Y > 0, we
have therefore used the square of the simple correlation coefficient
between the predicted and actual values of the dependent variable
(RT1)' 5/ For the set of observations with yi = 0, we calculated the

1/ See Amemiya (1973).

2/ For a description of other procedures, see Maddala (1983).

3/ There were some countries that held only French franes or U.S.
dollars during some time periods.

ﬂ/ For a discussion of the estimation of two-limit models see Rosett
and Nelson (1975).

5/ There are three types of predictions of ¥i given Xy . One is the
unconditional prediction of yi- Another is the prediction of A given
the information that i > 0. The third type of prediction requirgs a
slight reinterpretgtion of the model. 1In this reinterpretatign ¥i %
B'xi * Uy, where Yi is a latent variable; then we have Yi = ¥i if yi ? 0
and yi = 0 otherwise.* The third type of prediction is the prediction of
the latent variable y;. Each one of these predictions is useful for a
particular purpose. For a discussion see Maddala (1983). For the
statistic suggested by Dhrymes, we used the conditional prediction of

Yi-
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proportion of observations correctly predicted to be zero by the model
(RT2) and the mean error (ET) for the observations for which the model
incorrectly predicted as being ¥y > 0. 1/ 1In order to give an idea of
the overall goodness of fit, we also calculated the square of the simple
correlation coefficient between predicted and _actual values of the
dependent variable for the complete sample (R%3). 2/

One difficulty with the tobit maximum likelihood estimator is that
it is sensitive to violations of the assumptions that its error terms
have a normal distribution and are homoskedastic. The presence of
either nonnormality (see Goldberger (1983)) or heteroskedasticity (see
Hurd (1979)) can result in inconsistent tobit estimates. However,
Powell (1986) has recently developed estimators that are robust to a
wide set of nonnormal or heteroskedasticic disturbance distributions.
As noted by Newey (1987), Powell's symmetrically censored least squares
(SCLS) estimator not only provides estimates of the regression parame-
ters that are robust to failure in the normality assumption but also
make feasible Hausman (1978) tests for the presence heteroskedasticity
or nonnormality based on the differences between the tobit estimates and
the SCLS estimators.

If the normality or homoskedasticity assumptions are violated, then
the use of SCLS estimator involves symmetrically censoring the dependent
variable so that symmetry of its distribution about the regression
(B'xi) is restored, and least squares techniques will yield consistent
estimators. The nature of the SCLS procedures can be illustrated using
Figure III. 3/ As given in equations (18) and (19),

y; = max {0, B‘xi+ui} (i=1,....T). In a censored sample, for data
points with ui < -B'xi, the value of Yi is taken to be zero. However,
in contrast to the sided (lower bound) censoring of the tobit model, the
SCLS procedures set ¥y equal to 28'xi when ui > B'x,. Then the

i
observations would have terms in the interval (O, 2B'xi). Since this

approach assumes that the original errors where distributed
symmetrically, the residuals of the "symmetrically censored" regressions
will also be symmetrically distributed about zero, and the dependent
variable would take on values between zero and 28'x and would be
symmetrically distributed about B'x (Figure II1). For such a symmetric
sample, Powell (1986) derived a series of "normal" equations that
allowed for the estimation of the SCLC parameter (B ) as well as their
standard errors (see Appendix III for the normal eqﬁations).

1/ In this case, the prediction of the latent variable is the
appropriate one.

g/ The unconditional prediction of y. must be used in this case.

3/ This is taken from Powell (1986).



In addition, Newey (1987) has shown that one can use the tobit and .
SCLC estimates (and their variance~covariance matrices) to derive a
Hausman test statistic (h) which tests to see if the normality and
homoskedasticity assumptions of the tobit analysis are violated. If
Bt and BS are the vectors of tobit and SCLC estimated parameters, then
N ~ - -
h = T - ' -
(8, - B [V (B, - 81 (B

tions; V (BS - Bt) = estimates of the asympotitic covariance matrix for

- Bt); where T = number of observa-

T (Bs - Bt); h will be distributed as chi-squared with k (number of

exogenous variables) degrees of freedom. 1/ In our empirical analysis,
we will examine the SCLC and tobit estimates to see if the normality and
homoskedasticity assumptions have been violated.

b, Empirical results

Our empirical results indicate that transaction variables and
exchange rate arrangements have played important roles in determining
the currency composition of foreign exchange reserves throughout the
period 1976-85. The estimation results for both the developing and
industrial countries for the period 1976-85 are reported in Tables 2
through 11.

a. Developing countries

The estimation results support the view that for developing coun-
tries, the proportions of foreign exchange reserves held as U.S.
dollars, French francs, and Japanese yen were most strongly influenced
by exchange rate arrangements, especially when the country was pegged to
a particular currency. For example, developing countries whose exchange
rates were pegged to the U.S. dollar held significantly larger propor-
tions of their foreign exchange reserves as dollars. In addicion,
French franc peggers tended to hold much lower proportion of dollar and
higher proportion of French francs. In contrast, countries pegged to
other currencies or composite indicators tended to hold significantly
higher proportions of reserves denominated in the yen which were offset
by lower holdings of U.S. dollars and French francs.

These results also imply that an increase in the proportion of
trade between a given developing country and a particular reserve
currency country (relative to the developing country's total external
payments) resulted in a significant higher share of the country's
foreign exchange reserves being held in the currency of that reserve
currency country. However, the cross effects of trade flows (e.g., the
influence of increased trade with France on holdings of U.S. dollars)

1/ See Appendix III for the estimate of V (és_gt).
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Figure III
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Table 2. Determinants of Central Bark Holdirngs of
Reserve Currercies: Developing Cantries, 1/ 1976-85

(Portion of forelgn exchange reserves denaminated in U.S. dollars) 2/

Ordirary Symet;'lcally Cereored
Independent Var{ables Least Squares Tobit Least Squares
Constant 7.78 7,78 43.00
(9.53) (9.53) (8.83)
Exchange rate regime -
a. Pegged to the U.S. dollar 7.69 7.69 7.93
(3.53) (3.53) (3.3
b. Pegged to the Frerch franc - - -
c. Pegged to a composite -71.06 -7.06 -7.46
or other curercy (2.39) (2.39) (2.%6)
d. Cooperative agreememt - -— -
e. Flexible exchange rate -— - -
Propartion of trade with
each oountry relative to
external payments to all
countries 3/
a. United States 0.58 0.58 0.57
(5.89) (5.89) (5.27)
b. Framce 0.07 0.07 0.07
(0.23) (0.23) (0.24)
¢, Federal Repwblic -0.48 -0.48 -0.58
of Germany (1.69) (1.69) (1.93)
d. United Kingdom -0.29 -0.29 0.2
(1.36) (1.36) (1.49)
e. Japan 0.1k 0.14 0.13
(0.85) (0.%) (0.84)
Proportion of inte’mt payments
on extermal dedbt {n given
currency relative to
external payments to all
countries
a. U.S. dollar 2.8 2.8 2.20
(6.29) (6.29) (6.70)
b. Fremch frane 16.34 16.34 16.73
(3.18) (3.1%) (3.83)
e, German deutache mark -21.82 -21.82 -21.86
(4.36) (4.36) (3.97)
d. British poud 0.98 0.98 1.08
(0.82) (0.82) (0.43)
e. Japanese yen -3.10 =3.10 -3.37
(0.82) (0.82) (0.85)
2 0.55
rR 0.53
R% 0.55
Et —
R% 0.55
h 4/ 0.24
Sample size 340 340 340

1/ Excludes developing couttries pegged to the french franc.

3/ t ratios in parentheses,

3/ Exterml payments is defined to eqal the sum of exports and imports plus debt-

service paymmnts.

4/ One percent of the time, a x2 with 13 degrees of freedom will exoceed the value of

21.7.
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Table 3. Determinants of Central Barnk Holdirgs of
Reserve Curencles: Developing Coutries, 1976-85

(Portion of foreign excharge reserves denaminated in French francs) 1/

Ordinary Symmetrically Censored
Indeperdent Variables Least Squeres Tobit Least Squeres
Constant 3.67 0.63 -0.83
(2.68) {0.51) (0.63)
Exchange rate regime
a. Pegged to the U.S. dollar -1.31 -1.148 -3.76
(2.01) 247 (3.20)
b. Pegged to the French franc 8a.34 82.75 83.%0
.7 (46.81) (31.56)
c. Pegged to a camposite -2.36 2.2 -8.76
or other axrrency (2.90) (2.90) (h.92)
d. Cooperative agreement - - -
e. Flexible excharge rate - - -
Propartion of trade with
each country relative to
external payments to all
courtries 2/
a. United States 0.03 ~0.01 -0.12
(1.17) - (0.20) (2.20)
b. France 0.18 0.25 0.23
(u.52) (6.39) (4.22)
c. Federal Republic -0.02 0.17 0.24
of Germany (0.23) (2.39) (2.51)
d. United Kingdom 0.05 -0.03 0.8
(0.82) (0.54) (2.71)
e. Japan -0.09 -0.10 0.17
(2.05) (2.19) (1.88)
Proportion of interest payments
on external debt in given
currercy relative to
external payments to all
contries
a. U.s. dollar -0.19 -0.377 0.03
(1.73) (3.81) (0.1%)
b. French franc 1.36 1.79 1.51
(1.17) (5.5} (3.62)
c. German datsche mark 1.7 1.79 1.07
(1.35) (1.92) (0.%0)
d. PBritish poud -0.84 0.27 ~1.17
(1.29) (0.42) (0.59)
e. Japanase yen 1.20 0.84 8.16
(1.12) (0.81) (1.67)
R 0.99
& 0.99

;% 0.9
“f-z 0.88

g 135
n% 0.9

h 3/ 89.%
Number of observations =8 390 390

1/ t ratics in parentheses,

2/ External payments is defined to equal the sum of exparts and imports plus debt-

service payments. 2
3 One percent of the time, a x° with 18 degrees of freedom will exceed 29.1.
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Table 4, Determirants of Central Bank Holdings of
Resarve Curercies: Developing Countries L/ 1976-85

(Portion of foreign exchange reserves denomimated in Pounds sterling) 2/

Ordinary Syrmetrically Censored
Independent. Variables Least Squares Tobit Least Squares
Corstant -1.64 -2.64 =93.14
0.71 (1.17) (9.4%)
Exchange rate regime i
a. Pegged to the U.S. dalla -1.41 =-2.12 17.61
(1.40) (2.12) (2.718)
b. Pegged to the french franc - hand -
¢. Pegged to a composite -1.50 -1.94 8.64
o other aurrency (1.10) (1.46) (0.83)
d. Cooperative agreement -_ — —
e, Flexible exchange rate el - -_
Propartion of trade with
each country relative to
external payments to all
countries 3/
a. United States 0.0% 0.01 -1.03
(0.89) (0.16) (1.47)
b. Frarce 0.28 0.3% -1.Mn
(2.05) (2.51) (0.28)
c. Federal Republic
of Germemny 0.02 0.04 0.22
(0.13) (0.32) (0.17)
d. United Kingdom 0.56 0.62 2.52
(5.88) (6.57) (3.21)
e. Japan 0.02 0.0% 2.32
(0.23) (0.55) (3.11)
Proportion of interest payments
on exterml dedt in given
arrercy relative to
extermal payments to all
ocountries
a. U.S. dollar 0.17 0.09 416
(0.99) (0.53) (2.32)
b. French franc -3.56 -6.01 n.m
(1.80) (2.53) (3.65)
¢. GCerman deutsche mark -0.50 1.% ~51.94
(0.22) (0.57) (6.49)
d. British poud 9.69 9.79 83.13
(8.86) (9.03) (10.76)
d. Japanese yen .17 2.8 -23.9
(1.0n) (1.49) (2.83)
re 0.52
(4 0.50
RZ, 0.52
R2, 0.7
‘:-:'t 1.71
N 0.55
h il_/ 78.91
Number of observations 28 340 390

1/ Excludes developing ooantries pegged to the fremch frarc.

2/ tratics ln parentheses,

3/ Extermal payments is defined to equal the sum of exparts and imparts plus debt-

service payments,

i/ &eperventoruetm,axzwlmljdwormsdu exceed the value of

2.
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Table 5. Determinants of Certrel Bank Holdings of
Reserve Curencies: Developing Countries, L/ 1976-95

(Portion of foreign exchange reserves danominsted {n deutsche maris) 2/
ordinery Symmetrically Censored
Independent Vartables Least Squares Tobit Lemst Squares
Corstant 34,14 ¥.% .9
9.87) (10.53) (10.497)
Eschange rata regime
a. Peggad to the U.S. dollar 1.06 0.42 2.3
(0.68) (0.27) 1.22)
b. Pegged to the Frech franc - hd -
c. Pegged to a composite 1.%9 0.33 -0.18
or other curency (0.78) (0.16) (0.10)
d. Cooperative agreenmnt -~ - -

¢. Flexidle exchange rate -— -_ -

Proportion of trade with each
oxrtry relative to extamal
payments to all countries Y

a. United States -0.53 -0.69 ~1.1%
(7.06) (9.79) (9.53)

b. France -£0.38 - -0.3 -1.93
(1.87) (1.53) (6.91)

c. Federal Republic 0.52 0.41 0.36
of Germany (2.66) (2.19) (1.92)

d. Unitaed Xingdom -0.%0 -0.43 -0.46
(3.39) (2.91) (3.30)

e, Japan 0.2 -0.19 -0.16
(1.82) (1.63) (1.36)

Proportion of {ntarest payments
on extermal dabt {n given

ouTercy relative to
extarnal payments to all

cantries
a. U.S. ol -1.78 -1.85 -2.60
(6.63) (7.0M (6.85)
b. French framc .91 T -6.68 028
(1.69) (1.86) (0.08)
¢. Carwan deutsche mery 9.38 10.51 .77
(2.73) (3.08) (3.00)
d. British pound =3.75 -4,42 -13.72
(2.22) (2.58) (6.81)
e. Japanese yen -1, 0.16 =2.07
(0.57) (10.06) (0.7T)
R 0.50
7 0.38
R, 0.42
R, 0.68
E 5.91
n% 0.1
nu 0.8
Number of observations n2 340 3u0

Excludes developing countries pegged to the french franc.,

v
2/ t-ratics in parentheses,
y Extermal payments are defined to eqmal the sum of exports and imports plus dett-

service paymats. 2
3/ One percent of the time, a x~ with 13 degrees of freedom will exceed the value of

a.7.
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Table 6. Determinants of Central Bank Holdings of
Reserv’a Curercies: Developing Cantries, 1/ 1976-85

(Portion of foreign exchangs reserves denomimated Ln Japarese yen) 2/
Qrdirary Symmetrically Cemsored
Indeperdent Variables Least Squares Tobit Least Squares
Corstant. T.07 8.15 6.95
(3.20) (3.81). (1.96)
Exchange rate regime
a. Pegged to the .S, dollar -2.00 -3.29 -12.55
(2.04) (3.47) (7.60)
b. Pegged to the Frerch franc -~ -— -—
c. Pegged o a composite u,64 5.05 .51
or other ourrency (3.77) (4.03) (5.38)
d. Cooperative agreemart - - -_
e. Flexihle exchange rate - - _
Prooortion of trade with each
coutry relative to
exterral payments to all
contries ¥/
a. United States -0.04 -0.08 -0.10
(0.87) (1.1 1.1
b. Framce -0.12 -0.38 -2.61
(0.68) (2.06) (2.21)
¢. Federal Republlc -0.03 -0.18 0.40
of Cermany (0.24) (1.15) (2.0m)
d. United Kingaom -0.07 -0.08 -0.24
(0.79) (0.84) (1.91)
e, Japan 0.28 0. 0.22
(3.36) (3.96) (1.67)
Propartion of interest payments
on external debt In given
arrercy relative to
external payments to all
countries
a. U.S. dollar -0.38) -0.% -0.11
(2.%0) (2.29) (0.87)
b. French franc -h.08 3.8 4,18
(1.41) (1.11) (0.76)
¢. Cerman deutsche mark h1s -0.76 5.98
1.5%) (0.39) (1.12)
4. British poud =2.70 -2.55 -8.62
(2.69) (2.42) (3.89)
e. Japanese yen 3.54 3.9 6.63
(2.38) (2.08) (1.53)
2 0.3
3 0.2
;% 0.2
;% 0.2
; 2.16
;ﬁ_’ 0.9
hu/ 535.44
Hurber of observations 273 U0 340

1/ Excludes developing countries pegged to the fremnch franc.

2/ t ratios In parentheses.

3/ Extermal payments s defined to equal the sum of exports and Lmparts plus debt-

service payments.
£ One percert of the time, a ¥
21.7.

with 13 degrees of freedom will exceed the value of
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Table 7. Determinants of Central Bark Holdings of
Reserve Curencies: Indstrial Cantries, 1976-85

(Portion of forelgn excharge reserves denamimted in U.S. dollars) v

Ordinary . Symmetrically Ceraored
Independent Variables Least Squares Tobit Least Squares
Constant ' 80.63 80.63 80.63
(13.19) (13.19) (1a,58)
Exchange rate regime ’
a. Pegged to the U.S. dolla - - -
b. Pegged to the French franc - - -
¢. Pegged to a composite
or other currercy - - -
d. Cocperative agreament 14,30 14.30 1.0
(3.50) (3.50) (3.18)
e. Flexible exchange rate 12.54 12.54 12.58
(2.55) (2.55) (2.68)
Propartion of trade with each
ocantry relative to total
trade with all coutries 2/
a. United States 0.16 0.16 0.16
(1.31) (1.31) (2.35)
b. France 0.41 0.41 0.41
1.37) (1.37) (1.68)
c. Federal Repwblic =0.64 -0.64 ~0.64
of Germany (3.24) (3.24) (3.57)
d. United Xingdom ~0.81 -0.81 -0.81
(4.98) (5.98) (8.62)
e. Japen -1.62 -1.62 -1.62
(5.53) (5.53) (6.47)
Proportion of interest payments
on extermal debt In given
arrercy relative to
extermal payments to all
countries
a. U.S. dallar - - -
b. French franc - - -
¢. German deutsche mark - - -
d. British poud - - -
e, Japanese yen - - -
R 0.1
[ 0.8
’, 0.1
Et —
= 0.41
hy 0.0
Number of observations 180 180 180

1/ t-ratios in paremheses.

2/ Total trade 13 measured as the sum of exports and imports.
;/mepamr.orthsr.me,axzvlmﬂwaﬁ'eeoan\dnmedmevalmor
1
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Table 8. Determimnts of Central Bank Holdirgs of

Reserve Qurencies:

Indstrial Countries, 1976-85

{Porticn of foreign exchangs reserves dencminated in Frerch francs) v

Ordirary Sywmetrically Censored
Indeperxient. Variables Lemst Squares Tobit Lesst Squares
Coratant, 2.9 -1.28 3.85
(5.3%) (2.28) (1._09)
Exchange rate regime
3. Pegged to the U.S. dllar — -— -—
b. Pegged ta the frerch frarc - - -
e. Pegged to a compxsite
or other arrercy | -_— - -
d. Cooperative agreament ~-1.61 -1.92 ~15.02
(8.0m) (8.00) (2.55)
e. Flexible exchange rate -0.06 0.17 .93
(0.13) (0.36) (3.03)
Propartion .or trade with each
country relative to trade
with all countries &/
a. United States 0.05 0.01 0.05
(2.70) (1.2) (0.16)
b. Frarce 0.5 0.3 0.93
(8.26) (9.13) (2.56)
c. Federal Republlc 0.03 -0.09 -0.57
of Germany (1.45) (3.83) (2.11)
d. United Kingdom 0.05 0.06 0.0
(5.07) (4.35) (2.08)
e. Japan 0.17 -0.17 -0.17
(1.30) (2.51) (0.20)
Proportion of interest paymenta
on extamal debt in given
arrercy relative to
extermal payments to all
countries
a. U.S. dollar - - -
b. French franc - - -
C. German deutsche mark - - -
d. British pound - - -
e, Japanese yen - - -
7 0.78
? 0.72
3 0.75
R, 0.84
B 0.51
f% 0.72
h 3 130,928.91
Number of obeervatiore 81 180 180

I/t ratios In parentheses,

Total trade is measured as the sum of exports and imports,
mepercent.orunum,axzwtmﬁosymormmmuemdmevumof
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a Ntd avemivenrd @ AP Pocborn T Bomiz Limloddovme -
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Reserve Curencies: Industri trd

Tab,

-
28]

es
(Portion of foreign exchange ressrves i d in pands steriing) 1/

ardirey Symmtrically Cersored

Irdependent Variables Lesat Squares Tobit Least Squeres
Constant. 0.97 0.91 -10.72
(0.7 (0.69) (1.10)
Exchange rate regime
a. Pegged to the U.S. dollar - - -
b. Pegged to the Frerch frame - - -~
c. Pegged to a compesite
or other curercy - - -
4, Cooperat{ve agreement ~1.30 -1.42 1.03
(1.58) (1.65) (0.53)
e. Flexible exchange rate -0.85 =2.02 -23.09
(0.78) (1.87) (5.40)
Proportion of trade with each
country relative to trade
with all couries 2/
a. United States -0.02 -0.00 ¥/ 0.37
(0.80) (0.02) (2.50)
b. Frarce -0.01 -0.03 ~0.08
‘(0.21) (0.48) {0.10)
c. Federal Reputlic -0.08 =0.10 -0.58
of Cermany (2.03) (2.34) (0.94)
d. United Kingdom 0.30 0.8 0.52
(8.92) (8.41) (10.78)
e. Japen 0.28 0.8 1.5
(3.95) (4.39) {4.00)
Proportion of interest payments
on extamal dedt {n given
arrency relative to
extermal payments to all
ocountries
a. U.S. dollar - - -
b. French (ranc - - -
c. Cerwen deutsche mark - - -
d. British poud - - -
e. Japanese yen - - -
w7 0.5
® 0.48
n% 0.52
Rf? 0.86
E, 5.97
nf.j 0.51
h 4/ 189.82
Number of cbservations 152 180 180

1/ tratios {n parentheses.

2/ Total trade {s measured as ths sum of exports and imports.

3/ Less than 0.01.

i/ Ome parcent of the time, a x> with 8 degrees of freedom will exceed the value of
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Table 10. Determirants of Central Bank Holdings of
Reserve Curencies: Industrial Countries, 1976-85

(Portion of foretgn excharge reserves dencminated in deutsche marks) 1/

Ordirary Symmetrically Cermored
Indeperdent Variables Least Squares Tobit Least Squares
Corstart. 12.54 7.10 -T.05
(2.92) (1.88) (1.20)

Exchange rate regime
a. Pegged to the U.S, dollar - -— -
b. Pegged to the French franc - — -

¢. Pegged to a camosite

or other curercy -_ - -
d. Cooperative agreament -10.41 -10.80 1.2
(4.24) (4.,47) (2.76)
a. Flexible exchange rate .15 -1.07 -19.31
(3.05}) (2.40) (5.80)

Proportion of trade with each
ocountry relative to trade
with all countries 2/

a. United States -0.04 0.01 0.7
(0.52) {0.01) (3.41)

b. Frame -0.20 -0.% -2.51
(1.03) (1.98) (8.24)

¢. Federal Republic 0.53 0.7 1.47
of Cermany (3.46) (6.18) (6.32)

d. United Kingdom 0.2 0.33 0.69
(2.90) (3.32) (5.13)

e. Japan o7 0.51 1.33
(2.63) (2.87) (6.66)

Proportion of Interest payments

on extermal debt {n given

aurrency relative to

extermal payments to ail

countries
a. U.S. dollar - - -
b. Frerch frarc - - -
c. Cermen deutsche mark - - -

d. British poud - - -

2 0.9
R 0.27

% 02
R?-z 1.00

Ey 0.00

;% 0.3

hy 81.21
Number of cbservations 170 180 180

i/ t-ratics in parentheses.

7/ Total trade {3 measured as the sum of exports and imports,

3/Onepement.ormetm,axzuldeeg'emorﬁ’eemmnemedmevalmor
2.
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Table 11, Determirants of Central Bank Holdings of
Reserve Curercies: Industrial Countries, 1976-85

(Portion of foreign exchange reserves demominated in Japarese yen) 1/

Ordtrary Symmetrically Cersored
Independent Variables Least Squares Tobit Least Squares
Comatant 5.9% 5.00 11.59
(2.20) (1.95) (2.70)
Exchange rate regime
a. Pegged to the U.S. dollar - b —
b. Pegged to the Frerch franc - - -
c. Pegged to a composite
or other currercy | - - -
d. Cooperative agreement 0.56 -1z -4.90
(0.34) (0.76) (2.55)
e, Flexible exchange rate -1.09 -1.64 -3.85
(0.55) (0.81) (2.39)
Propertion of trade with sach
country relative to trade
with all countries 2/
a. United States ~0.03 -0.20 -0.23
(0.38) (3.17) (0.64)
b, Framce ~0.33 -0.24 -0.32
(2.42) (1.91) (2.07)
c. Federal Republic 0.06 0.06 -0.08
of Cermany (0.73) (0.70) (0.46)
d. United Kingdam 0.03 0.02 -0.38
(0.49) (0.23) (3.33)
e. Japan 0.67 0.9 .79
(5.01) (7.51) (3.31)
Proportion of Interest payments
on extermal debt in glven
cuTency relative to
extermal payments to all
countries
a. US. dollar - - -
b. French franc - - -
¢, German deutsche mark - - had
d. British pound - - -
e. Japanese yen - - -
w2 0.33
? 0.9
p% 0.8
2, 0.42
[ 3.08
"%3 0.5
h 142,61
umber of cbservations 137 180 180

1/ t-ratios In paentheses,

3/ Total trade i3 measured as the sum of exports and imports.
3/ one percent of the time, a y° with 8 degrees of freedom will exceed the value of

20.1.
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showed a more mixed pattern with some significant and positive
coefficients (implying that the currencies were complements) and some
negative and significant coefficients (implying that currencies tended
to be substitutes).

The proportions of interest payments on the external debt denomi-
nated in particular reserve currencies (relative to total external
payments) were also a key variables in the developing country
regressions. In all cases, the proportions of foreign exchange reserves
denominated in a given reserve currency (except for the yen) were posi-
tively and significantly related to the proportion of interest payments
denominated in that currency. Moreover, eight of the cross effect
parameters were significantly negative. These parameter estimates imply
that a rise in the share of a country's external debt denominated in a
given currency (e.g., the deutsche mark) resulted not only in a higher
share of foreign exchange reserves held in that currency but also
reduced shares of reserve held in other reserve currencies that are
included in our study (e.g., the dollar). 1/

The correlation measures for both the OLS and tobit estimators
suggest that the explanatory power of these equations varies consider-
ably for the different currencies. 2/ While the regressions explained
99 percent of the observed variation in the share of foreign exchange
reserve held as French francs, only 55 percent of the variation in the
U.S. dollar share could be explained. The explanatory power declined to
about 50, 40, and 30 percent for the pound sterling, the deutsche mark,
and the yen, respectively.

b. Industrial countries

For the industrial countries, the absence of complete information
about the currency composition of their external debt means that the
regression analysis considers only the role of trade flows and exchange
rate arrangements. First, the explanatory power of the regressions for
the industrial countries varied considerably. While over TO percent of
the variability in the Frenca franc share was accounted by its regres-

sion (measured in terms of RT3)’ the proportions of variability

1/ Holdings of certain unspecified currencies have been excluded from
our study.

2/ As noted earlier, four measures of goodness of fit are supplied
for each of the tobit regressions. The Rpyq measures the square of the
simple correlation coefficient between the predicted and actual values
of the dependent variable for those observations in which the actual
values were positive; Rqs, measures the proportion of the zero
observations correctly predicted by the model; Er is the mean error for
the observations which were predicted to be positive but whose actual

2 . .
value was zero; and Rpz is the square of the simple correlation
coefficient between acéual and predicted values of the dependent
variable for the complete sample.
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explained for the pound sterling (51 percent), U.S. dollars (41 per-
cent), deutsche mark (35 percent), and yen (35 percent) were lower.

In addition, these regressions suggest that for the industrial
countries exchange rate arrangements most strongly affected the propor-
tions of reserves held as U.S. dollars, French francs, and deutsche
marks. For example, the adoption of a flexible exchange rate was accom-
panied by a significantly higher proportion of reserves held as U.S.
dollar instruments partly offset by a significantly lower share for
deutsche marks. This may reflect the option that countries with flex-
ible exchange rates have of always intervening in U.S. dollars rather
than in other currencies as could occur under certain pegging arrange-
ments. Similarly, participation in a cooperative agreement (e.g., the
European Monetary System or some of its earlier variants) resulted in a
significantly higher proportion of foreign exchange reserves being held
as U.S. dollars that was offset by significantly lower proportions for
the French franc and deutsche marks. The results for the cooperative
agreements dummy are consistent with those obtained by Heller and Knight
(1978). As they noted, the results reflect the fact that at times the
countries that have been members of such arrangements as the European
Monetary System (or European System of Narrower Exchange Rate Margins)
have committed themselves to intervene in the U.S. dollar and to limit
their holdings of other members' currencies. As a result, a higher
proportion of foreign exchange reserves was held as U.S. dollars.

A higher level of trade between a industrial country and a particu-
lar reserve currency country generally led the country to hold a signif-
icantly (except in the case of trade with the United States) higher
proportion of its reserves in that reserve currency. The effects of an
increase in trade with one reserve currency country on holdings of other
reserve currencies were more mixed with eight negative and significant
cross-effect coefficients and four positive and significant coeffi-
cients.

C. A comparison of the OLS, tobit, and SCLS estimates

Tables 2 through 11 also allow for a comparison of the estimation
results for ordinary least squares (OLS) based solely on the observa-
tions for which the proportions of reserves held in a given currency are
nonzero, the tobit estimator, and the symmetrical censored least squares
estimator. First, as noted earlier, the tobit estimates were derived
under the assumptions that the error terms in the regression were
normally distributed and homosketastic. However, the test of the resid-
uals from the tobit estimates indicates that they were generally not
normally distributed and homoskedastic. This means that both the OLS
and tobit estimates were inconsistent. It is only in the case of the
U.S. dollar that the hypothesis of normality and homoskedasticity could
not be rejected. 1In part, this reflects the fact that virtually all
countries held some U.S. dollar denominated reserve assets during each
period. 1In this case, the OLS regression on the U.S. dollar share were .
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identical with the tobit estimates. Moreover, the point estimates of
the SCLS estimator were also similar to those of the OLS and tobit
estimators, although the standard errors were smaller due to the
censoring technique.

A second difference between the estimators is that the SCLS esti-
mates often implied larger effects for trade flows and debt-service pay-
ments. To the extent that the OLS or tobit estimators are biased and
inefficient, then the SCLS estimates suggest that earlier studies based
on OLS results have tended to understate the influence of trade and
capital flows on the currency composition of foreign exchange reserves.

Finally, the SCLS estimates also often suggested larger effects of
exchange rate arrangements on the currency composition of foreign
exchange reserves. These exchange rate effects were most noticeable for
the developing countries that pegged to a composite indicator or some
currency other than the U.S. dollar or French francs, and for industrial
countries in the case where a flexible exchange rate has been employed.

IV. Conclusion

This study has considered the determinants of the currency composi-
tion of foreign exchange reserves for both industrial and developing
countries. Our empirical results indicate that for countries in these
groups the currency composition has been influenced by each country's
exchange rate arrangements, its trade flows with reserve currency coun-
tries, and the currency of denomination of its debt-service payments.
During the period from 1976 to 1985, a developing country tended to hold
a greater proportion of its foreign exchange reserves in assets denomi-
nated in a particular reserve currency if its exchange rate was pegged
to that currency, if a large share of its exports and imports was with
the country issuing the reserve currency, and if a higher proportion of
the interest payments on its external debt was denominated in this
reserve currency. The currency composition of foreign exchange reserves
for industrial countries was also influenced by exchange rate arrange-
ments, although the effects were strongest for those countries that
participated in cooperate agreements (e.g., the European Monetary
System) which tended to hold relatively higher shares of U.S. dollars.
In addition, the shares of an industrial country's exports and imports
to the reserve currency countries had significant influences on the
proportion of reserves held in different currencies.

The evidence is consistent with the view that managing the currency
composition of a country's net foreign asset position is done more
cheaply by altering the currency denomination of assets and liabilities
that are not held as reserve assets. While transactions costs in
currency markets are low, it appears that they are high enough so that
central banks find it optimal to avoid holding reserve assets in one
reserve currency that must be converted into another reserve currency
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before being used to make payment. This, in turn, suggests that
inferences about the stability of preferences for net currency positions
on the part of governments cannot be drawn from an analysis of reserve
holdings in isolation from the rest of the government's financial port-
folio.




=35 - APPENDIX I

Data Sources

Forelign exchange reserves--this data was obtained from the
International Monetary Fund's survey of the currency composition of
members' foreign exchange reserves. In order to maintain the
confidentiality of the data file, all regressions were run "blind"
without any country specific parameters.

Exchange rate arrangements--these arrangements were classified
according to the system used in the Fund's Annual Report on Exchange

Arrangements and Exchange Restrictions. The classifications
prevailing at the end of 1985 were extended back through the period
beginning in 1976.

Exports and imports--these variables were taken from the Fund's
Direction of Trade Statistics data file,

External debt--the currency denomination of public and publically
guaranteed debt was taken from the World Debt Tables 1ssued by the
World Bank.

Eurodollar six-month deposit rate--this was taken from the
International Financial Statistics.
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First Order Conditions for Optimal Net
and Gross Foreign Asset Portfolio

Selecting N1, N2, A1, and A2 S0 as to maximize (7) yields:
au 2 2
(20) N r1 + d1 r2 d2 2bN10r + 2b(W N1)0r
1 1 2
- 2b(W-N1)cr r + 2bN10P r =0
12 1" 2

(21) N, =W-N

. i o

(22) SKT = d1 2“20 (A1 t1) + 2(ﬂ2+ﬂ3) p(T A1 A2) =0

(23) . -4 - 2mc (A-A) + 2(m.+m.) p(T-A.-A.) = 0
BAZ 2 3 2 2 2 3 2 2

Equation (20) and (21) imply equations (8) and (9) in the text.
Equations (22) and (23) imply that:

m
_ __3 _ 2 1
(24) A1 ty == (A2 t2) Ml v
2 2
or using A = A1 + A2
n3A + ﬂ2t1'ﬂ3t2 d2 - d1
(25) A1 - (m +m.) * 2e(m +m,)
2 '3 2 '3
ﬂzA + v3t2 - n2t1 d1 - d2
(26) A, = CIT) Y ey
2 '3 2 '3

Thus, for a given total level of reserves, the holdings of a particular
currency depend on the expected amount of transactions in that currency
in comparison with the expected amount of transactions in other
currencies, the cost of converting from one currency to another, and the
differential net costs of borrowing reserves in the different
currencies. Notice that, from the assumed distribution of transactions,
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(27 E(T1) (1r1+112)t1 + ﬂ3(T~t2)

(28) E(Tz) (m +w3)t + o

> 5 (T-t1)

1

so that E(T,) increases with t1 and declines with t,, while the opposite
occurs with E(T,).

Replacing (25) and (26) in either (22) or (23), it is possible to
solve for the total level of reserves A, Thus

2
2p(ﬂ2+13) T + 2cw2n3 (t1+t2) (n3d1+n2d2)

2
2p (ﬂ2+n3) + 2n2w3c

(29) A =
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Calculation of Symmetrically Censored Least Squares Estimates

As shown in Powell (1986), the symmetrically censored least squares
estimates must satisfy:

~ T - , _. T . N
(30) 8 =0 1(8'x, >0) « x.x ] ! Y 1{R x, >0) « min {v., 2 R' X } x
N "3 t tt st e S Tt Tt
t=1 £=1
where Xy = vector of independent variables at t.

i

1(A) 1 if A is true

0 otherwise

The procedure starts with the tobit estimates of the B's and uses
them to calculate the right hand side (r.h.s.) of equation (30). This

implies an initial vector of Bg. AThe r.h.s. of equation (30) was then
recalculated using this value of BS. The interations were continued
until the largest difference between any element in the old and new
values of Es was less than 10_6. Between 12 and 60 iterations were

~

required to calculate the BS for the different currencies.
The variance-covariance matrix for the SCLS estimates was calcu-

lated as:
(31 v (BS) =

where T = sample size

>

~ 1
1(0 < y, < Zssxt)xtxt

1

~3
i
0o -3

t

>
31—

~1 ) ~t 2 '
1(Bsxt>0) min (ut, (Bsxt) )xtxt

lw)
1l
e~ 3
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The test statistic (h) for the test of normality and
homoskedasticity of the error terms was calculated (see Newey (1987))
as:

-~

(32) n=1T(8 -8 [V (8 - et)J" (8, - 8,)

~

where Bs SCLS estimates

1]

~

8

. tobit estimates.

The V (Bs - Bt) matrix was calculated following the procedures described
in Newey (1987, pp. 129-30, equation (3.6)).
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