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Introduction

Although foreign-exchange holdings constitute the major component

of international reserves, there has been little analysis of the determi-

nants of the currency composition of these holdings either for individual

countries or for the world as a whole. The reason is easy to explain: while

central banks regularly publish data on the aggregate amount of their

foreign-exchange holdings, little information is available regarding the

currency composition of their portfolios. The well-known studies of

Kenen ( 1963 ), Hagemann ( 1969 ), and Makin ( 1971 ) examined the be-

havior of central banks with respect to the broader choice between gold,

foreign exchange, and IMF assets, but data limitations prevented them

from undertaking a detailed examination of the components of currency

reserves. Furthermore, these studies were made in the institutional set-

ting of a par value system and their relevance to current international

monetary arrangements may therefore be somewhat limited.

The analysis of official foreign-exchange reserves in this essay is based

on a set of data supplied to the International Monetary Fund on a regular

basis by a large number of central monetary institutions. Certain general

conclusions are drawn regarding the reserve-currency preferences of cen-

tral banks, but care has been taken not to disclose the currency composi-

tion of the reserve portfolio held by any individual country.

A wide variety of factors is likely to influence a central bank's decisions

about the total size of its international reserve holdings, the proportion of

these reserves to be held in the form of foreign exchange, and the particu-

lar reserve currencies and other assets to include in its foreign-exchange

portfolio. In addition to the economic considerations of safety, liquidity,

risk aversion, and yield, political and institutional factors are likely to

influence these decisions. In particular, international monetary arrange-

ments are apt to play an important role. The adoption of more flexible

exchange rates by a large number of countries, including virtually all

nations whose currencies are held as foreign-exchange reserves, intro-

duces a new source of variation in the relative values of international

reserve assets, owing to more frequent exchange-rate changes. Thus it is

hardly surprising that reserve-asset management has become more impor-

tant for central bankers since the abandonment of the par value system.

We are grateful to Kellett Hannah and Fernando Santos, who provided very com-

petent research assistance. The views expressed represent the personal opinions of the

authors and do not necessarily reflect the views of the institutions with which they are

associated.
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And because the global stock of foreign-exchange reserves and its distri-
bution among different currencies are the result of the decisions of indi-
vidual central banks, reflecting intervention and portfolio policies, the
reserve-asset preferences of these banks are important for the system
as a whole.
This essay traces recent trends in the foreign-exchange composition of

central banks' portfolios and analyzes the effect of exchange arrange-
ments on official holdings of various currencies. It explores the determi-
nants of the demand by central banks for individual reserve currencies,
and it examines the special factors influencing their Eurodollar holdings.

Trends in Central-Bank Holdings of
Foreign-Exchange Reserves

Before analyzing the determinants of currency reserves, it is useful to
review recent trends in the foreign-exchange holdings of central banks.
Table 1 presents the currency composition of foreign-exchange reserves
held by the 76 countries included in our sample. ( These data comprise
a moving sample in the sense that they include some countries that did
not report on all the dates indicated.) Total foreign-exchange holdings of
the 76 countries increased from $35 billion at the end of 1970 to a peak
of $116 billion at the end of 1976. These data can be compared with total
foreign-exchange holdings by all countries, as reported in the IMF's Inter-
national Financial Statistics, which amounted to $45 billion at the end of
1970 and to $176 billion at the end of 1976. Thus, 77 per cent of all for-
eign-exchange reserves were covered by our sample at the beginning of
the period under study, and about 66 per cent at the end. The major
reason for this decline in coverage is that several important OPEC coun-
tries are not included in our sample.
The dollar and sterling holdings of these 76 countries can be compared

with the total liabilities to foreign official institutions, as reported by the
United States and the United Kingdom. Table 2 shows that the total dol-
lar holdings reported by the 76 countries are larger than the liabilities
reported by the United States on all dates. In the case of the United
Kingdom, the reporting countries show larger totals than the U.K. au-
thorities up to 1974, but the tendency has been reversed since 1975. These
divergences are due to two factors. On the one hand, the 76 reporting
countries exclude some important holders of foreign-exchange reserves,
as is evident from the comparison of the totals for the sample countries
and the totals for all IMF member countries included in International
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TABLE 1

CURRENCY COMPOSITION OF FOREIGN-EXCHANGE RESERVES,
76 REPORTING COUNTRIES, 1970-76

End of Total U.S. $a DM Francs

Other
Reserve

Currencies"
Other
Assets'

In Billions of Dollars

1970 $ 35.2 $28.7 $3.0 $0.7 $0.0 $ 1.9 $0.8
1971 66.4 52.1 5.0 2.0 0.3 4.1 3.0
1972 83.0 67.8 5.2 3.8 0.5 5.2 0.5
1973 95.1 75.8 4.7 6.2 0.6 7.5 0.3
1974 114.6 92.5 6.2 6.6 0.6 8.4 0.2
1975 106.7 85.6 3.6 6.7 1.1 9.2 0.5
1976 116.4 94.0 2.0 7.8 0.8 11.2 0.7

In Per Cent

1970 100 81.5 8.6 2.1 0.1 5.5 2.2
1971 100 78.4 7.5 3.0 0.4 6.2 4.5
1972 100 81.7 6.3 4.6 0.5 6.3 0.6
1973 100 79.7 5.0 6.5 0.7 7.8 0.3
1974 100 80.7 5.4 5.8 0.5 7.3 0.2
1975 100 80.2 3.3 6.3 1.1 8.7 0.5
1976 100 80.8 1.7 6.7 0.7 9.6 0.6

a All dollar-denominated assets held by central monetary authorities of the 76
countries are included here, whether or not they are liabilities of the United States.
In particular, this item includes all U.S. Treasury securities, whether marketable or
nonmarketable, claims on other U.S. residents, IBRD and IDB dollar bonds or notes,
dollar claims on the Bank for International Settlements, and other ( e.g., Eurodollar)
claims.
"The most important of these are Swiss francs, Japanese yen, and Dutch guilders,

but full coverage is not available.
The bulk of this item consists of U.S. Treasury securities issued to certain central

banks in the late 1960s and denominated in the currency of the holder ( Roosa bonds).
As the table indicates, these assets reached their peak in 1971 and remained small
thereafter. However, the item also includes small amounts of assets held by regional
clearing unions, whatever their currency of denomination, and a very small residual
error due to reporting anomalies.

Financial Statistics. On the other hand, the liabilities reported by each
reserve center exclude official holdings of that country's currency in the
offshore currency markets.
The data presented in Table 1 include certain countries that did not

report their foreign-exchange holdings on all reporting dates. To make

a more accurate comparison of time trends that is unmarred by changes
in the composition of the sample, Table 3 presents the foreign-exchange
holdings of the 53 central banks that reported to the IMF on all year-end

3



TABLE 2

DOLLAR AND STERLING FOREIGN-EXCHANGE RESERVES FOR 76 COUNTRIES
AND U. S . AND U.K. LIABILITIES

(in billions of dollars)

End of

U.S. $ Pound

76 Reporting
Countries

Liabilities
Reported by U.S.

76 Reporting
Countries

Liabilities
Reported by U.K.

1970 28.7 23.8 3.0 2.5
1971 52.1 51.2 5.0 3.2
1972 67.8 61.5 5.2 3.6
1973 75.8 66.8 4.7 3.7
1974 92.5 76.8 6.2 4.6
1975 85.6 80.7 3.6 4.1
1976 94.0 91.9 2.0 2.6

SOURCES: Board of Governors of the Federal Reserve System, Federal Reserve
Bulletin; U.K. Central Statistical Office, Financial Statistics; and IMF.

TABLE 3

CURRENCY COMPOSITION OF FOREIGN-EXCHANGE RESERVES,
CONSTANT SAMPLE OF 53 COUNTRIES, 1970-76*

End of Total U.S. $a DM Francs

Other
Reserve Other

Currenciesb Assets'

In Billions of U.S. Dollars
1970 $ 33.4 $27.1 $3.0 $0.7 $0.0 $ 1.8 $0.7
1971 62.1 48.2 4.9 1.9 0.1 4.0 3.0
1972 76.4 61.9 5.0 3.6 0.3 5.1 0.5
1973 88.9 70.9 4.3 5.8 0.4 7.2 0.2
1974 106.3 85.9 5.7 6.0 0.4 8.1 0.2
1975 102.6 82.9 3.3 6.2 0.9 8.9 0.4
1976 109.6 89.3 1.7 7.2 0.6 10.5 0.3

In Per Cent
1970 100 81.3 9.0 2.1 - 5.4 2.2
1971 100 77.6 7.9 3.1 0.2 6.5 4.8
1972 100 81.0 6.6 4.8 0.4 6.7 0.6
1973 100 79.7 4.9 6.5 0.5 8.1 0.3
1974 100 80.8 5.4 5.7 0.4 7.6 0.2
1975 100 80.8 3.2 6.1 0.9 8.6 0.4
1976 100 81.5 1.6 6.6 0.5 9.5 0.3

* For notes see Table 1.



dates between December 1970 and December 1976. The close corre-

spondence between the totals in Tables 1 and 3 indicates that the coun-

tries which reported irregularly or for only part of the period hold rela-

tively small amounts of exchange reserves, so that the two samples give

virtually the same picture of trends in currency composition. Total for-

eign-exchange reserves of the 53 countries at the end of 1970 were $33

billion ( compared with $35 billion for the entire sample) and amounted

to $110 billion at the end of the period under review. The percentage

distribution among currencies is virtually identical for the 53-country

sample and the 76-country sample.
The composition of the official foreign-exchange reserves held by the

76-country sample during the period 1971-76 is depicted in Figure 1.

The graph shows that the dollar component of foreign-exchange reserves

has remained fairly stable, accounting for approximately 80 per cent of

total holdings. The sterling component declined rather consistently over

the period shown, while deutsche mark holdings increased. French franc

reserves consistently accounted for 1 per cent or less of the total, leaving

a residual of other reserve assets ranging between 5 and 11 per cent.

The data on the currency composition of foreign-exchange reserves

held by countries adhering to different exchange-rate regimes are also of

interest. They are described in detail in Figure 2 and presented in sum-

mary form in Table 4 for December 31, 1970, and December 31, 1976.

The classification by exchange-rate regime is the one used by the IMF in

its Annual Reports. Each country's exchange-rate regime on July 1, 1976,

is used for classification purposes.
Independent floaters ( Fig. 2a) hold approximately one-third of the

total foreign-exchange reserves of the 76 countries included in the survey.

Countries with floating exchange rates tend to hold a large proportion of

their exchange reserves in the form of dollars, but there has been a per-

sistent decline in the dollar component since 1970. For a brief period in

1974-75, the group held a substantial fraction of its foreign exchange in

sterling, but virtually all these sterling reserves were accounted for by a

single country that has sharply reduced its sterling holdings since then.

Floaters have acquired larger holdings of deutsche marks during the

period under consideration.
The snake countries, comprising Belgium-Luxembourg, Denmark, Ger-

many, the Netherlands, Norway, and Sweden (Fig. 2b), are predomi-

nantly dollar holders. Even for 1970, the $904 million held in "other"

currencies represents to a large extent U.S. liabilities in the form of

"Roosa bonds," which are denominated in the holding country's own
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TABLE 4

CURRENCY COMPOSITION OF FOREIGN-EXCHANGE RESERVES
BY EXCHANGE-RATE REGIME, 1970 AND 1976

Exchange
Arrange-
ments

Number
of

Countries

End of 1970 End of 1976

$ £ DM Others £ DM Others

In Millions of Dollars

Floaters 11 11,681 264 409 584 28,096 935 3,095 5,752

Snake 6 10,471 10 38 904 34,782 6 463 346

U.S. $
peggers 27 3,417 250 33 258 16,430 273 1,010 1,720

peggers 4 116 480 2 68 827 432 408 327

Basket
peggers 21 2,476 2,034 173 740 12,377 332 2,671 4,248

In Per Cent

Floaters 11 90.3 2.0 3.2 4.5 74.2 2.5 8.2 15.1

Snake 6 91.7 0.1 0.3 7.9 97.7 0.02 1.3 1.0

U.S. $
peggers 27 86.3 6.3 0.8 6.5 84.6 1.4 5.2 8.9

peggers 4 17.4 72.1 0.2 10.2 41.5 21.7 20.5 16.4

Basket
peggers 21 45.6 37.5 3.2 13.6 63.1 1.7 13.6 21.6

currency. Half of these Roosa bonds were held by Germany and the other

half by Switzerland.' In accordance with the Basle Agreement of April

10, 1972, limiting to working balances a snake country's holdings of the

currencies of other members of the European Narrower Exchange Rate

Margins Agreement, we find only insignificant holdings of currencies

other than the dollar.
U.S. dollar peggers ( Fig. 2c) reduced the dollar proportion in their

portfolios considerably during the period of the dollar's decline from

1971 to 1973, only to rebuild their dollar holdings thereafter. The

deutsche mark has replaced the pound sterling as the second most im-

portant currency held by this group of countries.
Sterling peggers ( Fig. 2d) greatly reduced the sterling component of

their reserves, while the dollar component of their portfolios increased.
Holdings of deutsche mark and other currencies rose sharply.

1 For data, see the Federal Reserve Bulletin. The U.S. liability data differ slightly
from the asset data presented here because of valuation differences associated with
exchange-rate changes.
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FIGURE 2

CURRENCY COMPOSITION OF FOREIGN-EXCHANGE RESERVES BY EXCHANGE-RATE
REGIME, 1971-76
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French franc peggers have traditionally held almost all their reserves
in the form of French francs. The lowest share of French francs observed
for this group during the period under review was 88 per cent. However,
more than for most other groupings, the data are marred by incomplete
reporting, so that franc peggers are omitted from both Figure 2 and
Table 4.

Basket pegging ( Fig. 2e), which includes SDR as well as "other"
basket peggers, is a relatively new exchange-rate practice. Many former
sterling peggers ( Fig. 2d) have switched to the SDR or to a self-defined
basket of currencies. The countries that pegged to a basket at the end of
July 1976 had held a substantial proportion of their foreign-exchange
reserves in pounds at the end of 1970, but had moved almost totally out
of sterling by 1976. The decline in sterling holdings was reflected in a
move into dollars and to a lesser degree into deutsche marks and other
currencies.
Only two countries in our sample are classified as crawlers, that is,

countries with currencies whose value is adjusted according to a set of
indicators. Presenting the data for the two countries combined could
reveal the foreign-exchange portfolio holdings of one country to the
other, and consequently the data are omitted.
Perhaps the clearest impression given by Figure 2 is that since 1970 the

currency composition of exchange reserves has varied widely both across
countries and over time. Since central banks are free within certain
constraints to determine the currency composition of their foreign-
exchange portfolios on the basis of their own preferences, what factors
influence their choice? The following sections address this question.

Factors Determining the Composition
of Foreign-Exchange Reserves

It is clear that the portfolio-selection problem faced by a central bank
is very different from that for an individual private transactor in the
financial markets. The standard Markowitz-Tobin mean-variance analysis
of portfolio selection assumes that an individual with given wealth can
choose among a group of assets on the basis of their anticipated risks and
returns. The individual first finds the combination of assets that mini-
mizes the risk. associated with each level of expected return ( the efficient
portfolio) and then chooses the portfolio that maximizes the expected
utility of his wealth. Under certain assumptions about the form of the
utility function and the probability distribution of anticipated returns, it

10



can be shown that the demand for each asset is homogeneous of degree 1
in wealth, with asset shares depending only on mean returns and on risk,
as measured by the variances and covariances of returns.
These assumptions, however, do not appear to be particularly relevant

to the problem of portfolio choice for central-bank holdings of foreign-
exchange reserves. In the first place, central banks have broader objec-
tives than simple portfolio optimization. Secondly, since the monetary
authorities control the growth rates of domestic monetary aggregates,
policies affecting the levels of the spot and forward exchange rates cannot
be taken as exogenous. Therefore, such general considerations as a coun-
try's exchange arrangements and the structure of its trade and payments
may be important determinants of its decision about how concentrated
or diversified its foreign-exchange portfolio should be and what propor-
tions should be held in each currency.
While countries with relatively small foreign-exchange reserves can

readily swap one currency for another in order to optimize their holdings,
some countries with very large holdings could not do so without signifi-
cantly affecting exchange rates. To take a hypothetical example, the
Deutsche Bundesbank could not convert a substantial portion of its U.S.
dollars into, say, Swiss francs without causing a large change in the rate
of exchange between these two currencies. Thus the currency composi-
tion of a large country's reserves is basically the outcome of its choice of
intervention currency. If this choice is constrained by transactions costs,
by agreement ( as in the case of the countries in the European snake),
or by other factors, the currency composition of reserves may be largely

a consequence of the volume of past intervention, and the scope for
optimization may be quite limited. However, it is reasonable to assume
that all but a few of the countries included in our sample are small
enough that they are relatively free to hold foreign-exchange portfolios

that reflect their preferences.
In choosing the composition of its foreign-exchange portfolio, a central

bank must seek an optimal tradeoff between two competing objectives.

On the one hand, transactions costs are incurred in exchanging one cur-

rency for another, and the possibility of economies of scale in asset-
exchange costs gives a central bank an incentive to concentrate its hold-

ings in a single foreign currency. On the other hand, the risks involved

in holding a single reserve asset act as an inducement to portfolio diver-
sification. The most important of these risks arise from uncertainty about

future movements in exchange rates between the currencies in which

reserve assets are denominated.
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In an international monetary system that permits exchange-rate
changes, there are no foreign-exchange reserve assets that have capital
certainty in terms of the home currency. Thus in the current system of
managed floating by the main reserve countries, there are risks associated
with holding exchange reserves denominated in any currency. Since cen-
tral banks are averse to risk, it seems reasonable to suppose that minimi-
zation of exchange risk will be a consideration in their decisions about
which foreign currencies to hold as reserves.
A country that pegs to a single currency can eliminate exchange risk

by holding its foreign-exchange reserves in the currency to which it pegs.
It may be argued that such an approach to exchange risk should be
regarded as irrelevant by central banks because it guarantees capital cer-
tainty only in terms of the central bank's nominal balance sheet, rather
than in terms of the real consumption stream of domestic residents. How-
ever, most central banks exhibit a strong aversion to exchange losses. This
aversion is grounded in past experience of exchange losses during times
of international monetary instability, which on occasion forced central
banks to approach their governments for supplemental capital appropria-
tions. Needless to say, such a request is highly embarrassing for a central
bank. Furthermore, there is the central bank's desire to act as an example
of prudence to the private banking system. A country that pegs to a
composite basket can reduce the exchange risk on its reserves by dis-
tributing its holdings across different currencies according to the weights
in the basket. A floating-rate country can do so by diversifying its port-
folio according to the weights in some effective ( e.g., import-weighted)
exchange-rate index.

Intervention in the foreign-exchange market is another factor that in-
fluences the relationship between exchange arrangements and reserve-
currency holdings. For example, we might expect countries that peg their
currencies to the U.S. dollar to hold on average a higher proportion of
their exchange reserves in dollars than countries that do not peg to the
dollar. As a first step in analyzing foreign-exchange portfolio selection
by central banks, we tested this hypothesis for each of the four major
reserve currencies using the data provided by our 76-country sample.
First, the ratio of dollar to total foreign-exchange holdings at the end of
June was calculated for each country for the years between 1973 and
1976. The 76 countries were divided into two samples according to
whether or not they pegged their exchange rate to the dollar on that
date. Countries were categorized according to the IMF classification of
their exchange arrangements on the nearest available date ( July of each

12



year). The size of the subsamples varied between periods as countries

switched from one exchange regime to another, and the overall sample

size was reduced when a few countries did not report on certain dates.

The means of the dollar ratios in each sample were calculated and tested

for equality for each of the four mid-year dates. The same tests were then

carried out for holdings of sterling, French francs, and deutsche marks.

The results are presented in Table 5.
The first striking feature of the mean tests reported in Table 5 is the

extent to which the demand for dollar assets on the part of countries that

peg their exchange rates to the dollar increased relative to that of non—

dollar peggers from 1973 to 1976. In each of the four years, dollar peggers

held a higher ratio of dollars to total foreign-exchange reserves. But in

mid-1973 the difference between the mean holdings of dollar peggers and

those of other countries was not statistically significant except at the 54

per cent level. By 1974 these mean holdings were significantly different

from the other means at the 24 per cent level, and by 1975 they were

significantly different even at the 0.3 per cent level. These results are

all the more surprising when it is noted that, on average, even countries

that did not peg to the dollar increased their holdings of dollar assets

during this period. Thus the mean tests in section 1 of Table 5 are con-

sistent with the view that the desire of dollar peggers to hold their for-

eign-exchange reserves in dollar-denominated assets has become more

pronounced since 1973 as the structure of the international monetary sys-

tem has evolved, particularly with regard to the degree of exchange-rate

flexibility.
This change in the difference in preferences between peggers and non-

peggers is much less pronounced for other currencies, so that holdings

at the latest date, June 1976, may be taken as representative. In the case

of sterling, average holdings of the reserve currency by the countries that

peg to it were significantly higher on that date than those of other coun-

tries. For example, the average country that pegged to sterling at the end

of June 1976 held 41 per cent of its foreign-exchange reserves in sterling,

as compared with an average of 5 per cent for other countries; and these

ratios are different from each other at the 5 per cent significance level.

Similarly, the average French franc pegger held 87 per cent of its cur-

rency reserves in francs as compared with 1.2 per cent for others, a differ-

ence that is significant at the 2.4 per cent level.

The results are rather different in the case of deutsche mark holdings

by countries that are members of the European System of Narrower Ex-

change Rate Margins. Since Germany is the largest country in the snake,

13



TABLE 5

TESTS OF THE RELATIONSHIP BETWEEN CENTRAL-BANK HOLDINGS OF
RESERVE CURRENCIES AND EXCHANGE ARRANGEMENTS FOR 76 COUNTRIES, 1973-76

Ratio to Total Foreign-
Exchange Reserves of

Mid-1973 Mid-1974 Mid-1975 Mid-1976

Number
of

Countries

Sample
Mean of
Currency
Ratio

Number
of

Countries

Sample
Mean of
Currency
Ratio

Number
of

Countries

Sample
Mean of
Currency
Ratio

Number
of

Countries

Sample
Mean of
Currency
Ratio

1. U.S. $ holdings:
$ peggers 39 0.502 41 0.568 31 0.684 26 0.785
Other countries 27_ 0.444 33 0.475 43 0.482 44 0.593

66 (0.540) 74 (0.236) 74 (0.003) 70 (0.001)
2. Sterling holdings:

N.. peggers 7 0.725 8 0.631 8 0.480 4 0.414
Other countries 59_ 0.155 66 0.135 66 0.080 66 0.049

66 (0.000) 74 (0.001) 74 (0.005) 70 (0.050)
3. Franc holdings:

Franc peggers 3 1.000 3 0.810 5 0.854 3 0.866
Other countries 63_ 0.026 71 0.018 69 0.014 67 0.012

66 (0.000) 74 (0.053) 74 (0.001) 70 (0.024)
4. DM holdings:

Snake countries 6 0.020 5 0.016 5 0.032 5 0.030
Other countries 59 0.143 68 0.133 68 0.127 64 0.103

65 (0.000) 73 (0.000) 73 (0.005) 69 (0.047)

NOTE: Numbers in parentheses are the significance levels of the probabilities of committing a type 1 error in testing the null
hypothesis that the two sample means being compared are the same.



it might be expected that the deutsche mark holdings of other snake
countries would be substantial. Instead, the average snake country holds

a significantly smaller ratio of deutsche marks than do other countries.

This is directly attributable to the agreement restricting the right of
participating central banks to hold European currencies other than work-

ing balances, while providing for obligatory intervention in the currencies

of the participating countries financed by automatic credit provisions
.unlimited in amount but not duration ( Deutsche Bundesbank, 1976).

The results presented in Table 5 for the reserve-currency holdings of

various groups are particularly striking when compared with a similar

test on the entire foreign-exchange component of international reserves.
In general, the less flexible a country's exchange rate and the more its
macroeconomic policies are devoted to the attainment of such domestic

goals as high employment or rapid economic growth, the greater will be

its use of reserves. Since a country's holdings of reserve currencies are

highly liquid, we might postulate that countries that have pegged ex-

change rates will tend to hold a higher ratio of foreign exchange to total

reserves than countries that are floating. A mean test of this hypothesis

was made for the same group of 76 countries used in the previous experi-

ment. Germany was excluded and all other snake countries were included
in the 67 countries pegged to a currency or a basket of currencies. There
were 8 floaters. The average pegger held 82 per cent of its international
reserves in foreign exchange, while the average floater held only 77 per
cent, but this difference was not statistically significant except at the 51
per cent level. Tests for other dates yielded similar conclusions.
To summarize, the tests in this section indicate that there is indeed a

relationship between exchange arrangements and currency holdings.
Countries that peg to the dollar, sterling, and the French franc tend to

hold more of these currencies than do others. In the case of the dollar,
these preferences have become more pronounced over time. Snake coun-

tries hold significantly fewer deutsche marks than others, owing to an
explicit agreement. These results confirm the importance of exchange-risk
reduction and the "intervention motive" in a central bank's choice of re-

serve currencies.

Determinants of Central-Bank Demand for Individual
Reserve Currencies: Regression Analysis

The simple tests performed above indicate that exchange arrangements

are a significant factor in a central bank's decision about what currencies
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to hold in its foreign-exchange portfolio, but the data also show that few
central banks keep their exchange reserves entirely in the currency to
which they peg. We will now broaden the analysis somewhat to include
other variables among the determinants of the foreign-exchange portfolio
and use regression techniques to allow for the simultaneous influences of
several factors. We will argue that, in addition to the exchange-rate-
regime variable discussed previously, the percentage of trade carried on
with each reserve-center country is an important factor determining the
asset composition of a central bank's foreign-exchange portfolio.
Our hypothesis is that a country's holdings of a particular reserve cur-

rency will be a positive function of its trade with that reserve center.
This hypothesis is analogous to Swoboda's ( 1968, pp. 5-11) argument
that private transactors' efforts to minimize transactions costs will induce
them to concentrate their foreign-exchange holdings in a small number
of "vehicle currencies." It can easily be justified on the basis of the central
bank's concern to intervene in the foreign-exchange market to finance
residual imbalances. For example, an increase in a country's net exports
to Germany that are invoiced in marks will increase the deutsche mark
earnings of domestic residents. To the extent that private transactors
transfer their receipts back into the domestic currency, the authorities'
exchange-stabilization operations will cause them to acquire deutsche
marks. Conversely, a central bank must be prepared to sell deutsche
marks from its reserves and buy domestic currency whenever an increase
in private demand for imports from Germany induces an excess demand
for deutsche marks on the foreign-exchange market at the existing ex-
change rate. This implies that when a country's residents are heavily
engaged in trade with a particular reserve-currency country, the central
bank has a further motive for holding that currency. Whatever a coun-
try's exchange arrangements, it seems likely that official holdings of a
particular reserve currency, in our example the deutsche mark, will be
a larger proportion of its exchange reserves as the importance of trade
with Germany increases. Furthermore, since the major reserve currencies
are substitutes for one another, a country's holdings of reserve currency A
will be negatively related to its trade with reserve centers B, C, etc. Thus,
we assume that a country's demand for each reserve currency depends on
variables representing its trade with each of the four major reserve-
currency countries. The trade variables are defined as:

Ti; = (Et.; + I)/ (E+ Ii) ,

where E and I refer to exports and imports and the subscripts are i for
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the home country and for the reserve-currency countries, that is, j =

the United States, the United Kingdom, France, and Germany.

In addition to trade in goods and services, capital transactions between

residents of a particular country and those of a reserve center are likely

to be important determinants of that country's holdings of each reserve

currency. The absence of reliable data on bilateral capital flows makes it

impossible to test this hypothesis in our regression analysis. However,

to the extent that current-account transactions between a country and a

reserve center are financed by credits extended by residents of the export-

ing country, capital flows between the two countries may be correlated

with trade flows, so that the absence of variables representing bilateral

capital movements may not be as serious an omission as it appears to be

at first. This point is reinforced by the fact that many countries impose

controls on capital flows that do not finance current-account transactions.

It was noted that members of the European System of Narrower Ex-

change Rate Margins have committed themselves to limit their holdings

of the other snake countries' currencies. This implies that snake countries

hold more dollars and less of other reserve currencies than we would

expect on the basis of their trade with the reserve centers and their

exchange arrangements. Thus, in addition to the variables discussed

above, a dummy variable for-the snake countries is included in all regres-

sions. This variable is expected to have a positive coefficient in the regres-

sion for the dollar and a negative coefficient in the other regressions.

It might be argued that considerations of the risk and return on any

reserve currency relative to others will act as yet another influence on the

portfolio decisions of a central bank. But at any given moment the rela-

tive returns on all reserve currencies are the same for all holders. Conse-

quently, the use of cross-section data obviates the need to take into

account these two potentially important factors.
To summarize, we estimated 5 cross-section regressions on a sample

of 55 countries in which the endogenous variables were the ratios of

holdings of each major reserve currency ( dollars, sterling, deutsche

marks, French francs, and other reserve currencies) to the total foreign-

exchange portfolio. Because of reporting coverage, the sample size varied

slightly. The 6 explanatory variables are the exchange-rate regime, the

4 variables representing trade with each reserve center, and a dummy

for the members of the European System of Narrower Exchange Rate

Margins.
The equations, estimated by ordinary-least-squares methods, are given

in Table 6. Both the standard regression coefficients and the Beta coeffi-
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TABLE 6

DETERMINANTS OF CENTRAL-BANK HOLDINGS OF RESERVE CURRENCIES, CROSS-SECTION REGRESSION ANALYSIS FOR 1975

Ratio to Total
Foreign-Exchange

Reserves of Parameter

Exchange-
Rate

Constant Regime'

Trade Share with
Snake
Country
Dummy R2

F-Ratio
(Degrees of

S.E.E. Freedom)U.S. U.K. France Germany

U.S. $ Regression 0.662 0.0006 0.603 -0.945 -1.195 -0.464 0.514 0.61 0.19 17.02
(6.92) (0.10) (2.88) (3.38) (4.34) (1.01) (5.40) (6,56)

Beta coefficient - 0.001 0.29 -0.32 -0.44 -0.09 0.49

Sterling Regression 0.076 0.252 -0.123 0.743 -0.077 -0.236 -0.096 0.43 0.17 8.35
(1.02) (2.91) (0.67) (2.59) (0.36) (0.58) (1.20) (6,53)

Beta coefficient - 0.37 -0.08 0.35 -0.04 -0.07 -0.13

Franc Regression 0.028 0.742 -0.051 -0.063 0.252 -0.155 -0.022 0.92 0.07 111.89
(0.88) (13.19) (0.66) (0.48) (1.77) (0.88) (0.58) (6,48)

Beta coefficient - 0.84 -0.03 -0.03 0.12 -0.03 -0.02

DM Regression 0.075 - -0.203 0.023* -0.066 1.174 -0.250 0.23 0.13 4.37
(1.20) (1.38) (0.12) (0.36) (3.36) (3.43) (5,53)

Beta coefficient - - -0.21 0.02 -0.05 0.49 -0.46

Other reserve Regression 0.102 0.070 -0.151 -0.013 -0.254 0.203* -0.081 0.35 0.07 6.00
currencies (3.43) (2.87) (2.03) (0.14) (3.03) (1.29) (2.48) (6,50)

Beta coefficient - 0.34 -0.29 -0.02 -0.37 0.16 -0.31

'In the dollar regression, this dummy is unity for all dollar peggers and zero otherwise. The dummies for sterling and French franc
peggers have analogous definitions. In the regression for -Other reserve currencies," the dummy is unity for countries that peg to
the SDR or some other basket and zero otherwise.
NOTE: Numbers in parentheses are t-ratios.



cients are presented. Since the Beta coefficients give the contribution of
the standard error of each independent variable to the standard error of
the dependent variable, they are a useful indicator of the relative im-
portance of each explanatory variable as a determinant of the ratio of a
particular currency to total foreign-exchange reserves.
In each regression, the exchange-rate-regime variable is expected to

enter with a positive sign. In the regression for reserve currency A, for
example, the trade share of each country with country A should have a
positive effect, while the trade shares with the other reserve centers
should be negative. The expected sign of the dummy representing the
snake countries should be positive in the dollar equation and negative
in the others. Estimated coefficients that violate their a priori sign restric-
tion are marked with an asterisk.
The coefficients of determination adjusted for degrees of freedom range

from 0.23 in the case of the deutsche mark to 0.92 for the French franc.
The F-ratios indicate that all five regression equations are significant.
Of the 35 estimated parameters, all but two are consistent with their
a priori sign restrictions, although only about half the coefficients are
significant. Except in the case of the U.S. dollar, the variable representing
the exchange-rate regime is significant at the 1 per cent level, and the
dummy for the snake countries is significant at this level in three of
the five equations. In connection with the trade ratios, we find that in the
equations for the four individual reserve currencies, the coefficient of the
own trade ratio" (i.e., the coefficient of holdings of currency A with
respect to trade with country A) is significant with the correct sign at the
1 per cent level except in the case of the French franc ( where it is sig-
nificant only at the 10 per cent level). For holdings of "other reserve
currencies," two of the four trade ratios are significant with the correct
(i.e., negative) sign at the 5 per cent level. These are reasonably satis-
factory results for cross-section data.
When considering the regression results, it is important to keep the

dimensions of the variables in mind. As the dependent variable is defined
in percentage terms, the constant term shows the proportion of their
foreign-exchange reserves that countries would hold in the reserve cur-
rency indicated independently of the factors explicitly included in the
equation. Only the constant terms for the U.S. dollar and "other" cur-

rencies are significant, but both are highly so. They indicate that, on
average, the countries in our sample tend to hold 66 per cent of their
foreign-exchange reserves in dollars and 10 per cent in "other" curren-
cies, independently of their trading patterns and exchange arrangements.
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The coefficients for the other three reserve currencies are very small and
are not significantly different from zero.

Since the variable representing the exchange-rate regime is a ( 0,1 )
dummy ( see footnote a to Table 6), its parameter indicates the propor-
tion of holdings of currency A resulting from the fact that a given country
pegs its exchange rate to A. For example, the fact that a country pegs its
currency to the French franc is estimated to add 74 percentage points to
its proportionate holdings of French francs, and sterling peggers tend to
hold 25 per cent more in sterling than do other countries. The fact that a
country is a dollar pegger does not seem to have much influence on its
holdings of dollars. Our results show that countries hold dollars irrespec-
tive of whether they are dollar peggers or not. This conclusion is strength-
ened by the existence of a significant constant term in the dollar equation.
Turning to the trade variable, we find that a 1 per cent increase in the

proportion of trade with the United States will lead to a 0.6 per cent
increase in the fraction of foreign-exchange reserves that is held in the
form of dollars. Similarly, an increase in the trade ratio with the reserve-
center country is in all cases associated with an increase in the reserves
held in that country's currency. These results are in each case significant
at the 1 per cent level, except for French franc peggers, where the results
are significant at the 10 per cent level.

Also relevant is the finding that a country's holdings of a particular
reserve currency are negatively related to the share of its trade with other
reserve-currency countries. For instance, the first equation of Table 6
shows that a 1 per cent increase in trade with the United Kingdom as a
share of total trade will reduce a country's dollar reserve ratio ( as a
percentage of total foreign-exchange reserves) by 0.95 per cent. Similarly,
higher trade shares with France or Germany will also lead to a lower
dollar-reserve ratio. In our five estimated equations in Table 6, 13 of
these 15 "substitution" effects of trade shares on demand for reserve cur-
rencies have the expected negative sign.

Finally, a (0,1) dummy representing membership in the European Sys-
tem of Narrower Exchange Rate Margins shows that snake countries hold
significantly higher dollar reserves and less of other reserve currencies.
This is in accordance with the agreement on reserve-asset holdings
among these countries.
Which variables are relatively more important in holdings of each cur-

rency? This question can be answered by examining the relative sizes of
the Beta coefficients in each equation. These coefficients reflect the rela-
tive importance of the factors motivating the holding of the four major
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reserve currencies. In the case of the dollar, the most widely used cur-
rency, trade with the reserve center and snake membership are much
more important than the exchange-rate regime. In the case of sterling,
trade and the exchange-rate regime are of roughly equal importance,
while in the case of franc holdings, the dominant influence is the fact
that the country pegs its exchange rate to that currency. In the case of
deutsche mark holdings, we find the strong negative relation between
snake membership and mark holdings that is the result of the Basle
agreement.
Other factors, such as the degree of openness of a country's economy

with respect to trade and financial factors, the structure of its foreign-
trade sector, and perhaps even the level of its GNP, may also play a role
in the country's reserve-management policy. We attempted to represent
each country's openness on current account by the ratio of its trade ( im-
ports plus exports) to GDP and on capital account by the ratio of the
absolute value of commercial-bank foreign assets to the domestic money
stock. When these variables were entered in the equations, we found that
approximately half the coefficients associated with them were not signifi-
cantly different from zero. Their absolute value was in all cases very small
relative to those of the exchange-rate regime and trade with the reserve
center, and we therefore concluded that these factors are of secondary
importance in the portfolio decision. Furthermore, examination of the
residuals from the regression lines indicates that many of the largest
residuals are due to the fact that countries having recently changed their
exchange-rate regimes ( e.g., from a single currency to the SDR or some
other basket) were still holding large balances of the currency to which
they used to peg. This is at least prima facie evidence that our deter-
minants of reserve-currency preferences are likely to become even more
important empirically in the future, as countries settle into optimal ex-
change arrangements and adjust their reserve-currency portfolios accord-
ingly, provided that the optimal exchange arrangements do not vary over
time.

Since trade patterns change only slowly and each country's exchange
arrangements are under the control of its national authorities, it is tempt-
ing to conclude from our empirical analysis that the central-bank demand
for reserve currencies is a stable function of a small number of variables
that do not vary much. But such a conclusion would be precipitous. We
have already noted that our use of cross-section data prevents us from
analyzing the interest sensitivity of central-bank demands for reserve
assets. Thus our regression results do not tell us how holding patterns
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might change over time as expected yields on reserve currencies change.
Some limited evidence on this question is presented below. What we can
say, however, is that the central-bank demand for foreign exchange is
stable in the sense that at given interest rates holdings are determined
primarily by each country's exchange arrangements and by its trade with
reserve-currency countries.

Eurocurrency Holdings of Central Banks

Between 1970 and 1976, the total identified Eurocurrency holdings of
central banks rose from SDR 10.9 billion to SDR 52.9 billion, and the
proportion of total reserves held in the Euromarket jumped from 12 to
23 per cent ( IMF, Annual Report 1977, Tables 10 and 14). During the
five-year period, the ratio of Eurocurrency deposits to total official hold-
ings of foreign exchange increased from 24 to 33 per cent. A substantial
proportion of official holdings in the Eurocurrency market takes the form
of deposits made by central banks with the Bank for International Settle-
ments. Holdings of dollar-denominated assets made up at least 85 per cent
of official Eurocurrency deposits in all years except 1973, when they
made up 81.6 per cent.
The fact that central monetary authorities hold a significant proportion

of their foreign-exchange reserves as deposits in the Eurocurrency mar-
kets raises a number of important issues for international monetary analy-
sis and policy. On the one hand, some central banks find Eurocurrency
deposits attractive because their yield is generally higher than that of the
official liabilities of reserve-currency countries. On the other hand, it is
widely recognized that whenever central banks deposit reserve accruals
in the Euromarket, the effect on Eurocurrency aggregates is analogous to
that of an open-market purchase of securities by the authorities in a do-
mestic monetary system. Williamson (1977) notes that if country A,
which holds its reserves in the United States, has a deficit with country B,
which holds its reserves in the Euromarket, official monetary movements
between the two will inject funds into the Euromarket, giving rise to an
expansion of deposits and loans. Furthermore, these injections take place
without any change in the net external liabilities of the reserve center in
whose currency the deposits are denominated. During the deliberations
of the Committee on Reform of the International Monetary System (the
Committee of Twenty), a proposal was made to limit placement of re-
serves in the Eurocurrency market by central monetary institutions, but
agreement was never reached ( see IMF, 1974).
In view of the significance of central-bank Eurodollar deposits, this
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section attempts to analyze the factors that determine these holdings.
In constructing our series for central-bank Eurodollar holdings, we have
followed the practice of successive IMF Annual Reports in regarding
central banks' dollar deposits at the Bank for International Settlements as
part of their identified Eurodollar holdings. The existing data are incom-
plete both across countries and over time, but we have been able to
obtain a consistent quarterly time series for the holdings of a group of
37 central banks during the period Q4 1967 to Q2 1976. This group
includes 11 developed and 26 developing countries. At the end of 1975,
the group held approximately 55 per cent of the total identified Euro-
dollar holdings of central monetary authorities. Figure 3 presents the
proportion of the total dollar-denominated reserves of these central banks
that is held in Eurodollars ( left-hand scale) together with the differential
between the Eurodollar interest rate and the market yield on U.S. Treas-
ury bills ( right-hand scale).

It is important to emphasize at the outset that Eurodollar portfolio

FIGURE 3

PROPORTION OF OFFICIAL DOLLAR RESERVES HELD IN EURODEPOSITS AND YIELD
DIFFERENTIAL BETWEEN EURODOLLAR DEPOSITS AND U.S. TREASURY BILLS,

CONSTANT SAMPLE OF 37 COUNTRIES, 1967-76
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behavior differs widely from one central bank to another. Thus the data
in Figure 3 are only suggestive of certain broad trends and cannot be
considered representative of any individual central monetary institution.
Despite this caveat, the trends in Figure 3 are interesting. After rising to
a peak of nearly 30 per cent in 1969, Eurodollar holdings gradually de-
clined to just over 15 per cent in the first quarter of 1973. They then rose
sharply to over 30 per cent in 1975.
The interest differential also varied considerably during the period.

This differential is sometimes very large, considering that both Eurodol-
lars and Treasury bills are short-term assets with similar characteristics.
It is due mainly to the restrictions on capital exports by U.S. residents
that were introduced in 1965 and were in force for most of the period.
These included the Foreign Direct Investment Program, the Voluntary
Foreign Credit Restraint Program, and the Interest Equalization Tax.
From 1967 until 1975, there appears to have been some correlation be-
tween the proportion of dollar reserves held in Eurodollars and the in-
terest differential in favor of these assets. In 1975, the interest differential
declined precipitously and remained stable at around 60 basis points
throughout 1976. This fundamental shift in the equilibrium relationship
between the two rates may have been at least partly due to the removal
of restrictions on foreign lending by U.S. residents. Those restrictions
were lifted in the first quarter of 1974, but during the next three quarters
the Euromarkets were disturbed by the failure of a commercial bank in
Europe and questions about the solvency of others. Thus the effect of the
abolition of capital controls on the interest differential is not apparent
until 1975.
Once a central bank has decided how much of its foreign-exchange

portfolio should be in dollars, it can choose between claims on U.S. resi-
dents ( typically U.S. Treasury bills) and Eurodollar deposits. In making
this portfolio decision, do central banks respond to changes in the relative
yields on the two assets? This is, of course, a much narrower aspect of
portfolio selection than the division of exchange reserves among different
currencies, but it is interesting for two reasons. First, since Treasury bills
and Eurodollar deposits are short-term securities, there is virtually no
risk of capital loss due to interest-rate changes. Second, the fact that the
two assets are denominated in the same currency means that the choice
between them does not involve an assessment of exchange risk. This per-
mits an empirical analysis of central-bank portfolio choice in the absence
of the two most common types of risk associated with international asset
holdings.
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A small partial-adjustment model, which is described in the Appendix,

yields the conclusion that the aggregate demand for Eurodollars by the

37 central banks included in our sample is responsive to changes in

interest-rate differentials. Our estimates for the interest elasticity lie be-

tween 1.4 and 1.9, depending on whether the elasticity is evaluated at the

mean of the Eurodollar rate or of the U.S. Treasury bill rate.

We have already noted that there are cross-country differences in the

reserve-portfolio behavior of central banks. Do the responses of central

banks in the developed countries differ from those of less developed

countries? There is good reason to expect such a difference. In 1971,

concern over the expansionary effects of official placements of reserves

in the Euromarkets induced the central banks of the Group of Ten indus-

trialized countries ( G-10 ) to agree that for the time being they would

limit their reserve placements in the Euromarket ( see Williamson, 1977,

p. 156). Williamson observes, "the G-10 lead was not, however, followed

by the developing countries, which were not only attracted by the higher

yields available in the Euromarkets, but, insofar as they were conscious

of the result, welcomed the fact that additional deposits expanded the

lending potential of the market, to which they were increasingly turning

as borrowers." This observation suggests the presence of systematic differ-

ences in Eurodollar portfolio behavior as between developed and devel-

oping countries. If developing countries deposit a higher proportion of

their reserve gains in the Euromarket, we would expect our equation to

show a higher elasticity of Eurodeposits with respect to their total dollar

holdings. Furthermore, since a higher proportion of the reserves of devel-

oping countries would be placed in the Euromarket whatever the size

of the Euro-U.S. yield differential ( so long as it is positive), the devel-

oped countries might be expected to have a more elastic response to

changes in relative yields.
As a simple test of these hypotheses, we split our sample into two

subgroups, the central banks in the 11 developed countries (7 of which

are members of the G-10 ), and those in the 26 developing countries.

The estimates are presented in the Appendix.

A comparison of the results suggests that there are considerable differ-

ences in behavior between the two groups of central banks. The scale

elasticity for the holdings of developing countries is much larger (2.1)

than that for the developed countries ( 0.5 ). The estimated interest pa-

rameter is roughly the same size for each group but is significant only in

the case of the developed countries. The parameter representing the

speed of portfolio adjustment is not significantly different from zero for

25



the developing countries, whereas for the developed group it is very
significant and indicates a mean time lag of adjustment of just over three
months.
These results are consistent with our hypothesis that central banks in

the developing countries tend to redeposit a certain proportion of their
reserve accruals in the Euromarket regardless of the exact size of the
current yield differential. By contrast, central banks in the developed
countries have tended to limit placements in the Euromarkets as their
reserves have grown, but they appear to exercise close management of
their foreign-exchange portfolios: their Eurodollar holdings are sensitive
to changes in relative yields and are adjusted very quickly in response
to such changes.
Any general conclusion about the Eurodollar portfolio behavior of

central banks must be regarded as tentative. Our findings refer only to a
particular group, and for obvious reasons we do not present regression
results for individual countries. Nevertheless, the empirical work in the
Appendix tentatively confirms two hypotheses, that placements in the Eu-
rodollar market are responsive to yield differentials and that there is a
systematic difference between the Eurodollar portfolio behavior of devel-
oped and less developed countries. In view of the known expansionary
effects of central-bank placements on the size of the Eurocurrency mar-
kets, these findings are important for the determination of the volume and
composition of the stock of international liquidity.

Conclusions

The main feature that distinguishes the new international monetary
system from the Bretton Woods regime is the increased degree of ex-
change-rate flexibility, especially among the major reserve currencies. As
recent contributions to international monetary theory emphasize, ex-
change rates are determined by the demand for and supply of assets
denominated in different currencies, and these demands and supplies
arise from the interaction of the various market participants. This makes
decisions on the size and composition of foreign-exchange balances more
complicated for both private transactors and central banks.
This essay has dealt with the question of central banks' demand for

various reserve currencies. We first presented new data on the currency
composition of the foreign-exchange holdings of central banks. Among
the 76 central banks covered, the dollar component of international re-
serves has remained relatively stable at approximately 80 per cent during
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the period 1970-76. Sterling has declined in importance during this period,
and its place as the second most important reserve currency has been
taken by the deutsche mark.
Two factors were found to be of importance in a central bank's selec-

tion of its foreign-exchange portfolio: the country's exchange-rate regime
and the pattern of its international trade. Countries hold a significantly
greater proportion of their exchange reserves in the currency to which
they peg. The desire to minimize exchange risk and the need to hold
intervention balances are both important factors in this decision. There
are two exceptions to this finding: first, countries tend to hold a high
proportion of dollars whether they are dollar peggers or not. Second, the
snake countries, in accordance with the European System of Narrower
Exchange Rate Margins, tend to hold dollars almost exclusively. Coun-
tries hold a higher percentage of the currencies of those reserve centers
that are their important trading partners. Furthermore, our results indi-
cate that as a country's trade share with a reserve center increases, it will
hold less of the other reserve currencies.
While the question of the interest sensitivity of holdings of the various

reserve currencies was not analyzed, we presented evidence pertaining
to reserve holdings in U.S. Treasury bills and Eurodollars. We found that
central banks as a group are sensitive to interest differentials between
these two markets. As compared with industrial countries, the developing
countries tend to deposit a higher proportion of reserve accruals in the
Eurodollar market regardless of the size of the interest differential.
Over the coming years, changes in the demand for individual curren-

cies will have significant effects on exchange-rate trends. While our analy-
sis of central-bank demand for reserve currencies is not exhaustive, it
pinpoints some of the factors that influence this important decision.
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APPENDIX

Central-Bank Demand for Eurodollars

A central bank's behavior with respect to its dollar portfolio may be
described by a simple partial-adjustment system. The equilibrium de-
mand for Eurodollar deposits, ED'', may be specified in semilogarithmic
form as

in EDa = ao + al (r E — rs) + a2 in TD, (1)

where ED = Eurodollar holdings of central banks
= interest-rate coefficient

rE = three-month Eurodollar deposit rate in London
rs = market rate on 90-day U.S. Treasury bills'
a2 = elasticity of Eurodollar deposits with respect to total dollar

reserves
TD = total dollar holdings of central banks.

Central banks are assumed to adjust their holdings of Eurodollar de-
posits in response to their excess demand for these assets:

— in ED = b (in ED(' — in ED) , ( 2)
dt

where dl dt denotes the time derivative and b is the adjustment coeffi-
cient. Substituting (1) into (2) gives

— ln ED = bao + 19. ai(rE — rs) + ba2 ln TD — b ln ED ,
dt (3)

for which a discrete approximation is2

A ln ED = bao + baiM(rE — rs) + ba2 M TD — bM ln ED , (4)

where, with L the lag operator, A = 1 — L, M = M(1 + L).
In order to take account of the shift in the normal level of the interest

differential that resulted from the removal of U.S. capital controls, we
include a dummy variable (z), which is zero until Q4 1974 and unity

1 In the estimation work below, the time series for both interest rates were obtained
from the Bank of England Quarterly Bulletin.

2 See Wymer ( 1972 ). Wymer has shown that if the errors in ( 3 ) are serially un-
correlated and (3) contains stock variables only, the errors in the discrete approxima-
tion ( 4) will also be serially uncorrelated.
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thereafter. The coefficient of the dummy variable is c. Transforming (4)
into levels and adding this variable gives

bao ba, ba2
ln ED =   + M (rE rs) +  M ln TD

1 + 0.5b 1 + 0.5b 1 + 0.5b
1 — 0.5b

+  L ln ED + c z . (5)
1 + 0.5b

Since the over-identifying restrictions must be imposed on (5) in order
to obtain estimates of the behavioral parameters, this equation was esti-
mated using nonlinear least-squares methods for the full group of 37
countries. The numbers in parenthesis are the t-ratios of the estimated
parameters:

b = 0.366 a2 = 0.887
(2.00) (8.57)

= —0.753 c = 0.163
(0.73) (1.38)

a, = 0.248
(3.17)

R2 = 0.99 S.E.E. = 0.091 D.W. = 2.05

This equation is well determined. The adjustment parameter (b), the
interest-rate coefficient (at), and the elasticity of Eurodollar deposits
with respect to total dollar reserves ( a2) are all significant with the cor-
rect sign at the 5 per cent level, and the explanatory power of the regres-
sion is high. The estimated adjustment coefficient indicates that, as a
group, the 37 central banks included in the sample adjusted their Euro-
dollar holdings with a mean time lag of less than three quarters. Since
our discrete-time approximation (5) is subject to the same over-identi-
fying restrictions as (2), the adjustment parameter b must be greater
than 0 but need not be less than 1. The mean time lag of the response
(the time required for central banks to complete about 63 per cent of the
portfolio adjustment resulting from a change in one of the predetermined
variables) is equal to 1/b.
Given our semilogarithmic specification, the demand function (1) has

variable interest elasticities that are defined for any interest rate r as:

a ln ED('
a ln r

• r .
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The estimated interest elasticities, calculated at the means of the time
series for each interest rate, FE and Fs, are

Er = a, • TE, = L93

Er = a, • Ts = 1.44.

The corresponding results for the subgroups of 11 developed and 26
developing countries are given in Table A-1.

TABLE A-1

ESTIMATED CENTRAL-BANK DEMAND FOR EURODOLLARS
BY SUBGROUP, Q1 1968 TO Q3 1976

Parameter

Group of 11 Group of 26 Less
Developed Developed
Countries Countries

ao

a2

TZ2

D.W.

S.E.E.

0.964
(2.56)

2.632
(5.03)

0.153
(3.76)

0.529
(9.62)

0.382
(2.85)

0.94

2.26

0.13

0.153
(1.66)

—9.704
(2.48)

0.125
(0.57)

2.063
(4.23)

—0.248
(2.16)

0.99

2.01

0.11
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