The Location of U.S. Currency:
How Much Is Abroad?

Richard D. Porter and Ruth A. Judson, of the Divi- Currency movements are difficult to measure for
sion of Monetary Affairs, prepared this article. Lyle some of the same reasons that currency is popular: It
Kumasaka, Adam Reed, and James Walsh providechn be easily concealed and readily carried across
research assistance. borders, even in large quantities (a briefcase can hold
$1 million in $100s). The total amount of U.S. cur-
Federal Reserve bank notes are widely used outsidency in circulation is known; in principle, one could
the United States. Knowing how much U.S. currencyconduct a census to determine the domestic stock and
is abroad is important for a variety of reasons, butassume that the rest of the currency is abroad. How-
currency movements are notoriously difficult to mea-ever, such a census would be invasive, prohibitively
sure, and estimates of the foreign component of cureostly, and unlikely to yield reliable results. Thus, the
rency stocks and flows have been subject to a greamount of currency held abroad can only be esti-
deal of speculation and uncertainty. Here we bringmated, and then only from incomplete or indirect
together several new methods and data sources ®vidence about dollars flowing across U.S. borders.
narrow the range of that uncertainty. According to Policymakers would find it useful to have a clear
our estimates, about $200 billion to $250 billion of idea of how much U.S. currency is circulating outside
U.S. currency was abroad at the end of 1995, or mor¢he country. First, foreign demand for U.S. currency,
than half the roughly $375 billion then in circulation if large and unrelated to domestic U.S. spending, will
outside of banks. Moreover, that proportion has beewomplicate the interpretation of movements in the
rising. Our calculations indicate that growth in for- amount of currency outstanding and in various other
eign demand for U.S. currency—especially for monetary aggregates.
hundred-dollar bills ($100s)—is far stronger than Second, estimates of changes in foreign holdings
growth in U.S. demand. On average over the 1990spf U.S. currency may also reduce the average size of
the overseas stock has been growing at about thre@e errors-and-omissions category in the U.S. interna-
times the rate of growth of the domestic stock. tional transaction accounts, which do not currently
Today, foreigners hold U.S. currency for the sameincorporate any estimates of changes in foreign hold-
reasons that people once held gold coins: as a unit ahgs of currency.
account, a medium of exchange, and a store of value Third, a significant foreign demand for U.S. cur-
when the purchasing power of the domestic currencyency will have important effects on the amount of
is uncertain or when other assets lack sufficient anoseigniorage that the United States can expefi.
nymity, portability, divisibility, liquidity, or security. U.S. currency, including that held externally, can be
A safe asset in an unpredictable world, dollars ofterthought of as a form of interest-free Treasury borrow-
flow into a country during periods of economic anding and therefore as a saving to the taxpayer. If the
political upheaval and sometimes remain there wellamount of currency abroad is around $200 billion,
after the crisis has subsided. and the three-month Treasury bill rate is 5.2 percent
(which it is as of this writing), the amount of seignior-
age (and taxpayer saving) from externally circulating
mare grateful to Michael Bordo, David B. Humphrey, Cfurrency’ calculated as the produc_t .Of these two
RusseII'Krueger, J.L. Laake, Robert M. Luéas, Jr., Howard Mura{d,flgures' would be more than $10 billion per year.

Gerald Pollack, and our colleagues in the Federal Reserve for helpfkKnowing more accurately the amount of seigniorage
assistance, comments, and discussions on various points. We thank

FinCEN, the Financial Crimes Enforcement Network of the Depart-

ment of the Treasury, for permission to use aggregate information

derived from the U.S. Customs Service's Currency and Monetary——

Instrument Reports. Finally, we are grateful for the stimulating dia- 1. Seigniorage is defined as the government'’s gain from converting
logue we have had with Edgar L. Feige on all aspects of this studyvaluable metal into more valuable coins. We use the term here in the
Questions and comments can be e-mailed to the authors aboser sense that includes the central bank’s income from issuing
rporter@frb.gov or rjudson@frb.gov. paper currency.
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derived from externally circulating currency would THE INTERNATIONALMARKET
assist policymakers in deciding how many resources$OR U.S. GQJRRENCY
to devote to protecting it by, for example, combating
the counterfeiting of U.S. currency abroad or improv-Before the advent of paper currency, gold coin—in
ing the physical quality of externally circulating the form of Dutch guilders, Spanish pieces of eight,
notes. Add to these reasons the fact that currencgnd other coins of the realm—circulated far outside
outstanding has surged over recent years, and a relihe countries in which they were minted; similarly,
able answer to the question of how much is abroadank notes (that is, notes issued by private commer-
becomes a matter of considerable interest. cial banks) in the United States and England in the
In all, we have examined ten methods for estimat-19th century circulated far beyond the market areas
ing the amount of currency held abroad. We firstof those banks. U.S. currency today provides many of
outline the major sources of foreign demand for U.Sthe monetary services that gold coins once did. As
currency. We also review the available information,the leading international currency, Federal Reserve
from statistical reports to institutional structure, nonenotes enter other national economies for reasons both
of which, alone, covers the full extent of currency public and private. Some countries, including Panama
stocks or flows but which nonetheless point to for-and Liberia, have elected at times to use the U.S.
eign use as the major source of recent growth in U.Sdollar as their currency. Other countries that issue
currency. We then describe two of the ten methodsurrency maintain stable exchange rates between
we use to estimate the stock of currency abroad, théheir own currency and the U.S. dollar; in the Carib-
seasonal method and the biometric method, whictbean, for example, that stability allows tourists and
provide convenient illustrations of the assumptionsresidents to use both dollars and local currency with-
and empirical relationships required to estimate overout fear of a sudden change in exchange value. Work-
seas currency flows and stocks. ers employed outside their home countries are often
After briefly summarizing the remaining eight paid in U.S. dollars, which make their way into local
methods, we present a summary measure, theconomies directly or via remittances: U.S. soldiers
“median flow estimate,” based on several methodshave been paid in dollars since World War Il, and
for which we have sufficient time-series data. Wemany expatriate workers in the oil-producing coun-
show that although year-to-year changes in domestitries of the Middle East are paid in dollars. The dollar
holdings have been relatively stable, changes in totak also the preferred currency for exchange: Travelers
currency have grown and have become increasinglyieading for points outside of Western Europe often
dominated by foreign movements. In light of the economize on exchange costs by carrying dollars.
evidence, we examine and find unpersuasive several
arguments supporting the claim that very little cur-
rency is held outside the United States. Finally, whenvofe;ff(%ulA-/ AFJaS'QﬂQ;SSt)i" theg Liggua Franca,Foreign Affairs,
our estimate of U.S. currency hEId abroad is sub- L.awrencg B.gLindsey, “,’Arrﬁ)érica’s.Most Ignored ExportDurell
tracted from the total outstanding, the amount ofjournal of Money and Bankingpl. 6 (Winter 1994-95), pp. 2-5.
domestically circulating currency per U.S. residentJoﬂ?RQI gﬂfuﬁgﬁfe “'\a/l:dsthfnS#r I\I/I%n?\xﬁLste'\rﬂfggi)rlggé’;gainifgugl
that remains is considerably smaller than the corre= Richard D. Igorter, “Estiggtés of Foreign Holdi‘r)lgé of US.
sponding measure for most other developed couneurrency—An Approach Based on Relative Cross-Country Seasonal
tries, and we examine some of the economic forcegdariations,” in Nominal Income Targeting with the Monetary Base as

. . Instrument: An Evaluation of McCallums’ Ruléinance and Econom-
underlylng these cross-country differenées. ics Discussion Series Working Study 1 (Board of Governors of the

Federal Reserve System, March 1993).
_____, “Foreign Holdings of U.S. Currency,International

_ Economic Insight§November/December 1993), p. 5.
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Episodes of economic and political turmoil have continue to hold dollars as an instantly liquid form
frequently been the catalyst for major influxes of of insurance against further political or economic
dollars into a region. Recently, Argentina and theupheaval. Finally, in a high-inflation economy, hold-
former Soviet Union received large inflows of dol- ing dollars as currency and bearing the implicit
lars. In Argentina, which experienced chronic highinterest cost can be more convenient than holding
inflation from the 1960s to the early 1990s and briefother available savings or transactions instruments,
bouts of hyperinflation in the mid 1970s and late even if they earn interest.
1980s, U.S. currency is still used as the settlement
medium for large-scale transactions such as those
involving real estate and ca?s.Argentina has DATA SOURCES FORESTIMATES
received as much as $40 billion in net shipments ofoF CURRENCYHELD ABROAD
U.S. currency, or well over $1,000 per capitelow-
ever, a Federal Reserve and Treasury study of the us&'e have two direct sources of information about
of U.S. currency in Argentina suggests that somecurrency flows abroad—the U.S. Customs Service
currency that was initially shipped to Argentina could and the Federal Reserve Bank of New York. How-
have subsequently moved to neighboring counfries. ever, data from these sources are often inadequate for

In the countries of the former Soviet Union, past measuring thetockof currency abroad, in particular
and current high inflation, confiscatory currencybecause they miss much of the cash that is hand-
reforms, and the underdevelopment of the bankingarried or remitted by mail by guest workers and
system encourage people to hold and use U.S. dollatsavelers. Thus, to better estimate stocks, we also use
for everything from retail purchases of imported con-sources of indirect information about currency flows.
sumer products to the settlement of debts betweeliVe first describe the major sources of direct and
and within countries. Cumulative net shipments ofindirect data on currency flows in and out of the
U.S. dollars to this part of the world have likely United States. We then present other institutional and
surpassed those to Argentina, with some estimates agneral information on currency growth and eco-
high as $60 billion. Moreover, evidence from nomic activity that point to a large and increasing
Argentina and other countries indicates that longpresence of U.S. currency outside the country.
after crisis episodes have passed, many residents

3. Daniel Heymann and Axel Leijonhufvud discuss the forces The Currency and Monetary Instrument
affecting currency holdings in countries experiencing high inflation Reports
but not hyperinflation Kigh Inflation: The Arne Ryde Memorial
LecturesClarendon Press, 1995). See also Carlos AgtVéStopping . . . .
High Inflation,” International Monetary FundStaff Papersyol. 39 ~ The most obvious direct source of information on

(September, 1992), pp. 626-95; and Miguel A. Savastano, “Dollariz.a-currency flows across U.S. borders are the Currency

tion in Latin America: Recent Evidence and Some Policy Issues,” in .
P.D. Mizen and E.J. Pentecost, edBhe Macroeconomics of Inter- and Monetary Instrument Reports (CMIRS) requ”ed

national Currencies: Theory, Policy, and Eviden@rookfield, vt.. by the U.S. Customs Servi€eln principle, these
Elgar, forthcoming). reports are a rich source of information because indi-

For a perspective on this phenomenon and its relationship to sover- . . . -
eignty, see Benjamin J. Cohen, “The Political Economy of Currency viduals or firms makmg almost any Shlpment of more

Regions,” in Edward D. Mansfield and Helen V. Milner, edshe ~ than $10,000 in cash across a U.S. border are required
Political Economy of RegionalisColumbia University Press, forth- o file a CMIR (the reporting threshold was raised
coming). For an international treatment of this issue, including aérom $5.000 to $10 000. in 1980) Although CM|R,

discussion of the implications for balance-of-payments statistics, se . .

John Wilson, “Physical Currency Movements and Capital Flows,” data on shipments by banks seem to agree with the

in Report on the Measurement of International Capital Flows: hanks’ own reports to the Federal Reserve Bank of

Part Il—Background Paperginternational Monetary Fund, 1992),

pp. 91-97; and Russell Krueger and Jiming Ha, “Measurement of

Co-Circulation of Currencies,” Working Paper 95/34 (International

Monetary Fund, 1995). 6. In fact, some evidence indicates that the private holding of
4. This figure extends through 1995 the cumulation of net currencydollars in high-inflation regimes may possibly be more efficient than

shipments to Argentina calculated in Steven Kamin and Neil R.other arrangements: A recent study of the welfare cost of inflation

Ericsson, “Dollarization in Argentina,” International Finance Discus- presents evidence that the financial sectors in high-inflation countries

sion Papers 460 (Board of Governors of the Federal Reserve Systerare larger than they would be otherwise; but among such high-

1993). Kamin and Ericsson find their estimate of Argentine dollar inflation economies, those that have been “dollarized” tend to have

holdings to be consistent with the reduction in domestic moneysomewhat smaller financial sectors than the others. See William B.

demand attributable to high inflation. English, “Inflation and Financial Sector Size,” Finance and Econom-
5. Graciela Kaminsky, “Study by the U.S. Treasury Department ics Discussion Series 96-16 (Board of Governors of the Federal

and Federal Reserve System of the Use of U.S. Currency Outside thReserve System, April 1996).

United States” (Board of Governors of the Federal Reserve System, 7. For more detail on these reports, see Feige, “Overseas Holdings

1994). of U.S. Currency.”
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New York, the CMIR data on nonbank shipmentsprovide accurate aggregate data because of a one-
sum to improbably large net inflovgsAt least four sided data collection process and the omission of
factors indicate that CMIRs are neither accurate nosome potentially large volumes of currency flows.
thorough measures of large cash shipments that take
place outside the banking sector.
First, because arriving travelers must pass througlroreign Currency Shipments by Banks
Customs but departing travelers ordinarily do not,
the CMIR data are biased toward measuring inflowsA second direct source of currency flow data is the
of currency. Departing travelers are occasionallyinformation provided to the Federal Reserve Bank of
informed of the filing requirement or are targeted forNew York by commercial bank-note brokers, pri-
enforcement purposes, but their responses are notarily large commercial banks. Currently, we have
adjusted statistically to account for the large propor-monthly data on incoming and outgoing currency
tion of outgoing travelers who should, but apparentlyshipments by country for two intervals, the interwar
do not, file CMIRs. For example, in 1994 the numberperiod (for which the country data had been pub-
of travelers entering the United States from anywherdished annually) and the period beginning in 1988.
in the world was about the same as the number ofVe focus on the recent data.
travelers leaving (about 45 million), but in that year, Overall, the shipments data indicate that well over
about 170,000 arriving travelers filed CMIRs, $100 billion in U.S. currency on net has moved
whereas only about 34,000 departing travelers did smverseas since the late 1980s. From 1988 through
Second, CMIRs do not capture shipments 0f1991, the region receiving the bulk of currency ship-
$10,000 or less, activity that could cumulate to aments was Latin America, led by Argentina, which
significant total. In 1994, excluding travel to Mexico received a little more than one-third of total net
and Canada, 18.7 million U.S. residents left theshipments from the United States to the rest of the
United States, and 19.2 million visitors entered. Ifworld in this period. Since then, Europe has become
these travelers carried an average of $1,000 eaclthe dominant destination, reflecting the turbulence in
the unrecorded flows in each direction would bethe former Soviet Union. Net U.S. currency flows to
relatively large, around one-half of the measuredRussia alone in both 1994 and 1995 have been at
$32.8 billion 1994 CMIR inflows and $39.1 billion least $20 billion per year, or well more than half of
outflows. For example, banking statistics seem tdotal net foreign shipments of U.S. currency.
indicate that U.S. currency flows only back from the On the whole, from 1988 to 1995 about half of net
Caribbean to the United States; the currency going irJ.S. currency shipments abroad have gone to Europe,
the other direction, from the United States to thewith the bulk of those presumably going to Russia.
Caribbean, goes not through the international bankAbout 30 percent has been evenly split between the
ing system but via the pockets of American touristsFar East and the Middle East, with the remainder
and others, and most of it presumably goesgoing to Latin America, particularly Argentina.
unrecorded.
Third, many shipments greater than $10,000 are
likely to be misreported or not reported at all. Disaggregated Sources: Surveys and Federal
Although banks and other firms are accustomed tdReserve Cash Offices
filing CMIRs and probably do so fairly diligently,
individuals are potentially less aware of these reportsTwo of the most important sources of indirect infor-
less willing to file them, or even eager to avoid them.mation on currency flows are recent survey results
Fourth, the record-keeping system for CMIRs was
des@neq with the purpose O.f identifying individual 9. The details of the data from 1988 onward are confidential. For
transactions, not of developing accurate aggregatee interwar period, see for example, “Foreign Movements of United

statistics on currency flows. In sum, CMIRs are anStates Currency,” Federal Reserve Bank of New Yokkonthly
Review of Credit and Business Conditio@ctober 1, 1926, p. 6;

Important source of data, but they prObably do noJ[“Shipments of American Currency To and From Europ8anking
and Monetary Statistics: 1914-194Board of Governors of the

_ Federal Reserve System, 1943), pp. 405-07, and table 113, pp.

8. In the CMIR system, double counting may exist for some 417-18; and “Shipments of American Currency To and From
transactions; for example, a bank and a commercial shipper may botkurope,” Federal Reserve Bulletirvol. 18 (January 1932), pp. 7-9.
report the same currency shipment. Further, not all cross-bordeAlso, some annual data cover a brief period following World War 11:
consignments of cash require a CMIR. In particular, overland ship-SeeBalance of Payments Statistical Supplement to Survey of Current
ments of currency between banks and established customers do nBusiness(Department of Commerce, 1958), pp. 178-79, note 3,
need to be reported, nor do overland shipments between establishedternational investment position table referencing U.S. currency
offices of banks (31 C.F.R. 103.23, (3) and (9)). abroad in 1946-56.
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and data from currency processing performed athirty-seven Federal Reserve Cash Offices. Each of
the Federal Reserve System’s Cash Offices. Twic¢he twelve Federal Reserve Banks has at least one
in the mid-1980s and again in May 1995 the Federaimain Cash Office and up to five Branch Cash Offices.
Reserve engaged the Michigan Survey Researciihe Cash Offices record—by denomination and, to a
Center to poll at least 500 households regardindimited extent, by series—all currency received, pro-
their use of currency and various transactioncessed, destroyed, and paid out or shipped to other
accounts (table 1 In the latest survey, average Cash Offices. These data do not differentiate foreign
cash holdings (line 1), the percentage of currencyand domestic flows, but by comparing Cash Office
outstanding that is accounted for by holdings ofreports on shipments of $100s and $50s with informa-
adults (line 5), and the percentage of expendituresion from the surveys, we can enhance our knowl-
made with cash (line 10) all had dropped significantlyedge of stocks and flows abroad. The biometric
from the levels of the mid-1980s. Furthermore, busi-method indicates that about two-thirds of $100s and
nesses and children are not believed to hold signifinearly half of $50s are held abroad.
cant amounts of currency. Hence, the declines
recorded by the surveys over a period when real per
capita currency was increasing sharply (see table 3)nstitutional Knowledge: The New York Cash
most likely point to growing demand outside the Office and $100 Notes
country.
The other type of indirect data, which we use in theHundred-dollar notes are the largest denomination
biometric method (described below), comes from thenow issued by the Federal Reserve. Although $20s
are in more common use than $100s in the United
States, $100s make up 60 percent of the dollar value
10. Results from the 1980s surveys are discussed in Avery an®f @ll U.S. currency outstanding. Two facts about the
others, “Changes in the Use of Transaction Accounts”; and Robert B.use of $100 notes suggest that the net new demand
Avery, (%regory E. Elliehausen, Arthur B. Kennickell, and Paul A. f5r them is coming primarily from abroad. First, the
Spindt, “The Use of Cash and Transaction Accounts by American : .
Families” Federal Reserve Bulletinyol. 72 (February 1986), Federal Reserve Cash Office serving the New York
pp. 87-108. City region is the primary supplier of currency to
foreign users, especially of $100s, and second, its
shipments of $100s are unusually large relative to the

1. Results of three household surveys on use of cash, 1987'4€ of its District, as measured by several economic

1986. and 1995 variables, including regional shares of vault cash,
population, income, and deposits (tablel2)This
i June | June | May Cash Office, one of the two Cash Offices in the
1984 1986 1995 . . ..
New York District (the other is in Buffalo), has
1 Average cash holdings égg:ﬁ;i)n 148 153 108 accounted for 97 percent of the nationwide net issu-
" ofcash(dollars)............... 50 50 27 ance of $100s since 1988; for the twenty-two years of
h acquired (doll
A D e e onsofcasn.|  13° 14" 12 currency issuance reported in table 2, the New York
5. Percentage of total gggggfgr;‘”d City Cash Office accounted for nearly 83 percent of
o perconage o seursd mOI00s | na na Sz ool hational issuance of $100s
b ul | B .a. .a. - -
7. Annual tunover rate of cash Given the survey data described above (table 1),
e e aaded by average | ) 49 36 the largest possible number of $100s per person in
8. Num‘?:rfrg]foﬁtiﬁh transactions A A 29 the United States is less than one-third of a single
9. Monthly cash expenditures (doliars)|.. 633 669 301 $100 bill, while for every U.S. resident about nine
10. Percentage of total expenditures
made withcash............... 30 34 20

Note. Dollar values for 1984 and 1986 have been inflated by the chain-type 11. The det inati f . District's sh f nati id
price index for personal consumption expenditures to make them comparable to : e deiermination of a given DISICL'S share of natonwide

the nominal 1995 values. All statistics are sample means. currency holdings should depend on some combination of the vari-
1. Estimated as cash on hand before the acquisition of cash (line 2) plugbles in the first five columns of table 2. Because the Federal Reserve

one-half of the cash acquired (line 3). System supplies currency on demand, we need consider only the
2. Based on 458 respondents. demand for currency. That demand depends on national variables such

3. Based ?n 4h53 fespondentj who h'T'd POSiIin amounts of cash. Ca|CU|aﬁf;§s the price level and interest rates and on regional measures such as
as in note 1 for the 453 respondents in lines 2 and 3 in May 1995, average casliyanging and population. If the use of cash in some Districts is more
balances were $27 + $149/2 = $101.50. The May 1995 entry in line 1 is $10G0njye than in others, that propensity would be visible in variables

($1.50 less) because it includes 5 additional individuals, who held no cash h | h. Th it is fai h ) District

whatsoever. In both of the earlier surveys, all of the respondents reported thatUch a@s vault cash. Thus, it is fair to assume that a given District's

they held some cash. share of currency is explained by some combination of spending (for
n.a. Not available. which we substitute personal income), population, vault cash, or

Source. Federal Reserve. deposits in that District.
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2. District shares of nationwide characteristics of economic size and total cash issuance

Percent
: Savings and All
Federal Reserve District Vaultcdsh | Populatior? E%Lsnﬂrgl Tée;nzz;(i:ttéon transaction | $100sissuetl | denominations
p deposits issued

Boston..................... . 5.0 5.0 6.1 4.4 4.6 4.4 10.7
NewYork .................. . 13.0 9.7 12.1 14.3 14.4 82.8 80.5
Philadelphia.. .. .... e 3.6 4.6 5.1 3.3 3.6 3.0 -7
Cleveland. .. 6.9 6.5 5.9 6.3 6.8 4.5 13.0
Richmond 9.7 9.4 9.3 8.8 9.5 6.7 9.4
Atlanta. .. 12.7 12.8 11.2 111 12.0 -15.9 -34.8
Chicago. . .. B 10.6 12.3 12.4 12.6 12.4 13.8 29.0
St LOUiS......ooviiiinn h 4.0 5.0 4.2 5.0 4.6 3.7 3.8
Minneapolis................ 1.9 3.0 2.6 3.2 2.9 1.7 1.9
Kansas City................ 4.6 5.4 5.0 5.9 5.3 3.0 4.3
Dallas ..................... . 6.4 7.4 6.4 6.9 6.3 1.2 -3.6
San Francisco.............. 215 18.8 19.6 18.1 17.5 -9.1 -13.4
Total ........ccooiiiiiinn.. . 100 100 100 100 100 100 100

Note. Because the distribution of these values changes extremely slowly, the 2. 1990 census.
variation in dates for which we have data introduces only a small discrepancy 3. Per capita for 1989 multiplied by the 1990 population.
into the comparisons. 4. Value issued from 1974 to 1995 inclusive.

1. 1995:Q4. Source. Authors’ calculations.

$100 notes circulate somewhere in the wéfdldn  1990s have been a period of declining use of cash for
sum, the basic information we have from surveys ancconsumption spending within the United States. In

the Federal Reserve Cash Offices about the circulaeal per capita terms, the amount of notes outstand-
tion of $100 notes is consistent with relatively low ing, other than $100s, has not changed much since
dollar use domestically and high use abroad. the late 1950s, so the increase is almost all attribut-
able to $100s: the stock of $100s outstanding has
risen about $700 in real terms, to nearly $850, since
1959.

Other data pointing to a dominant external demand
Finally, basic domestic macroeconomic data corrobofor currency are the changes in total real per capita
rate our findings that recent currency growth is notcurrency holdings and the ratio of currency to M2
driven by domestic factors. Empirically, the amountsince 1959, which are a puzzle if one ignores foreign
of currency outstanding typically grows in line with, currency demands (chart 1). In real terms, total per
or even a bit more slowly than, consumption in thecapita balances for all denominations plus coin
United States. Indeed, this was the pattern until 1990increased relatively slowly from 1959 to 1979, then
However, in the current decade, currency has growgumped sharply from the early 1980s to the end of
about 32 percentage points more rapidly than con-1995. In contrast, the direction of change in the ratio
sumption in nominal terms and in real per capitaof currency to M2 was generally downward until the
terms (table 3}3 Yet as the survey data show, the late 1980s, a trend that reflected in part the absence of

interest paid on currency and the implicit or explicit
T . interest paid on the rest of M2 Because most of M2

12. We do not know the proportion of survey respondents who heldb . h k d ield
$100s before their acquisition of cash, but we do know the maximum ea_rs Interest at the market rate _an cu_rrency yields
number of $100s they could have held from the individual datano interest, households have an incentive to econo-
underlying table 1, line 2. Based on this maximum as well as on line 6mjze on currency in favor of other M2 assets. so the
and the assumption that the average holding of this denomination is _,. hould h hi | dtod '
the initial amount plus one-half of the $100s acquired, the maximumr.atlo shou (Ot ert _mgs equa) tend to e_creas_e over
amount of $100s held on average could not have been more thatime. Indeed, one might have expected this decline to
30 percent of one note in the 1995 survey. _have accelerated somewhat as more and more of M2

13. Currency in circulation is defined as currency, including coin, . .

Jdore a market rate of interest, a process that began in

held outside of the Federal Reserve and the Treasury. The curren e
component of M1 is equal to currency in circulation less vault cash1978 and was completed for the explicit interest-
held at depository institutions. Definitive estimates on the amounts of

currency that have been lost or destroyed are not available, but

presumably the quantities are small (see Robert Laurent, “Currency in
Circulation and the Real Value of NotesJournal of Money, Credit, very small, however, relative to the magnitude of the uncertainty
and Bankingyol. 16, May 1974, pp. 213-26). In this paper we use a inherent in our estimates of overseas currency holdings. To reflect that
variety of currency measures, the choice of which depends on theincertainty, we round all of the reported percentage estimates to the
availability of the data needed for a given method; hence, our esti-nearest percent.

mates of currency abroad do not always refer to exactly the same 14. A similar declining pattern for this or comparable ratios holds
currency concept. The differences between the currency measures airemost other developed countries.

Aggregate Data on the Relative Growth of
Currency and Related Economic Variables
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3. Spending and currency measures in the United States, 1959-95

Mean year-end to year-end growth (percent) Level, end of period
Period Personal Currency Currency other
consumption component $100s component $100s R
expenditures of M1 of M1 denominations
Nominal Billions of dollars
.. C C 28.8 5.9 24.4
6.5 4.6 6.2 45.7 11.0 36.9
9.9 8.3 13.4 104.8 42.0 72.0
7.9 75 10.4 222.6 118.7 123.6
5.1 8.6 11.8 372.2 2415 159.9
Per capita, real terms Per capita dollars, real terms
1959. ... . L C C 701 144 594
1960-69............c0nn h 3.0 11 2.7 779 188 630
1970-79....ccoiiiiiiinn 2.3 7 5.8 839 336 576
1980-89........ceiiinnnnn 2.1 1.7 4.6 995 531 552
1990-95.....ceiiiiiiiinn 1.0 45 7.7 1,303 843 558
Note. Growth is at logarithmic rates. End-of-period values for the currency . . . Not applicable.

component of M1 are December averages; for denominations, December 31. Source. Federal Reserve, U.S. Department of the Treasury, and authors’
Real terms calculated with the chain-type price index for personal consumptiorcalculations.
expenditures, 1992 base year.

bearing components of this aggregate in the midestimates; thereafter, we summarize the other eight
1980s. In any case, until the latter part of the 1980smethods and present the median estiméiEhe sea-
the downward trend in this currency ratio was inter-sonal and biometric approaches ardirect methods
rupted only by business cycles. Thus, the largdan that they do not directly use information about
increase in the currency ratio starting at the end otturrency flows or currency abroad but infer them
the 1980s is a surprise, suggesting once more thdtom other characteristics of currency.
explaining currency growth with domestic factors
alone is problemati&®

The Seasonal Method

ESTIMATIONMETHODS In general, the seasonal method presupposes that U.S.
currency held abroad behaves differently from U.S.

Because data on currency flows abroad are incom-

plete, cumulating them does not provide a good esti- 16 For details of these methods, see Porter and Judson, “The

mate of the stock of currency held abroad. Thus, wea.ocation of U.S. Currency.”

combine the flow data with estimates from a variety

of alternate methods. We have examined ten methods s, currency ratio and the total real stock of U.S.

for estimating the share of currency abroad. We dis-  currency measured in dollars per U.S. resident

cuss in detail two methods, one based on differences— -

. . Chained (1992) dollars Ratio

in the seasonal patterns of U.S. and Canadian cur-

rency demand and one based on biometric population

Ratio of Per capita
currency holdings of 0.10
. . . . 1,200 -0 M2 currency
15. Part of the increase in the ratio reflects the shift of assets out of (right scale) (left scale)
M2 into non-M2 instruments such as stock and bond funds in the first — 009

few years of the 1990s; see Athanasios Orphanides and Richard
Porter, “P* Revisited: Money-Based Inflation Forecasts with a Chang-| 1,000 -
ing Equilibrium Velocity” (Board of Governors of the Federal
Reserve System, 1996). But even after accounting for such shifts, the
implied increase in the demand for currency from the low point of the oo M SOA/\\/
ratio in the late 1980s would be quite large, on the order of $140 bil- ™ NN\ — 007
lion to account for the increase in the ratio. We will show below that a /
shift of this magnitude is consistent with most of the estimates of net »
shipments of currency abroad during the period since 1988 (table 5). RN NRE RN AN EENRERI RN

We have not included interest rates in the discussion, even though 1960 1965 1970 1975 1980 1985 1990 1995
t_hey_move in the right direction to explain some of the re?ent a‘?ce'efa' Note. Currency ratio calculated with the currency component of M1 (see
tion in currency growth (table 3). We do not find compelling evidence (ext note 13). Per capita holdings deflated by the chain-type price index for

that the interest sensitivity of currency is large enough to explain thispersonal consumption expenditures, 1992 base year. Shading indicates periods
acceleration (see appendix A). of recession as defined by the National Bureau of Economic Research.

— 0.08
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currency held at home in some measurable res@ect.holdings, then overall seasonal variations in U.S.cur-
The average measured characteristic of currency, sagncy holdings should have diminished. Rough sup-
X, will be a weighted average of the characteristic forport for such a hypothesis comes from a comparison
the domestically held currenc)d, and of that for the of the 1959-63 seasonal variations in the currency

foreign-held currencyX', as follows: component of M1 with the component’s 1991-95
variations. The seasonal fluctuations for the last five-
@ X=pBXd+ (1-B)X year period are much reduced from what they were in

the early period (chart Zf

where the weighf3 is the domestic shareof total
currency outstanding, and-1f3 is theforeign share.
By observing the overall behavior of currency, we Canada as the Benchmark
know X. We exploit various data to infexd or X,  for U.S. Domestic Behavior
thus allowing an estimate of the shares of currency
held at home and abroad (see box “The Seasonatanada is a suitable benchmark for comparison for
Variation Technique”). two basic reasons. First, Canadian currency is not

The seasonal method uses relative seasonal variased outside of Canada to any significant degree.
tions in the currency circulating in the United StatesSecond, because the United States and Canada have a
and Canada to infer overseas holdings of doRars. similar set of major holidays and school vacations
Four assumptions underlie this method: (1) the seaand share many customs, the seasonal variations in
sonal pattern in domestic demand for U.S. dollars igetail sales and in consumption in the two countries
similar to the seasonal pattern of demand withinare similar; hence the induced domestic demand for
Canada for Canadian dollars, (2) foreign demand fottheir respective currencies should also have about the
U.S. dollars has no significant seasonal pattern,
(3) the circulation of Canadian dollars outside of
Canada is negligible, so that the demand for Cana- 19. The degree of the decline may be overstated in the chart
dian dollars can be attributed solely to domesticbecause of differing trends in the two periods. To investigate more
demand, and (4) U.S. currency is not used to gt MBS e T e seasonal ampiitde. which s
substantial degree inside Canada. Under thesfe difference between the maximum seasonal effect (reached in

assumptions, the share of U.S. currency abroad caPecember) and the minimum (usually reached in the subsequent
: . February). According to this measure, the amplitude of seasonal
be deduced by comparing the Seasona“ty of Canavariation declines about one-half from 1960 to 1995. The STL method

dian currency in circulation to the seasonality of allis set out in Robert B. Cleveland, William S. Cleveland, Jean E.
U.S. currency in circulation. If foreign holdings McRae, and Irma Terpenning, “STL: A Seasonal-Trend Decomposi-
o - - : tion Procedure Based on Loess,” Statistics Swedeunynal of Offi-

?Xhlblt Seasqna“ty similar to that_ of domestic hold- cial Statisticsyol. 6, no. 1 (1990), pp. 3—73. More formally, statistical
ings, the estimate generally provides a lower boundests indicate that net foreign shipments of currency by banks do not

on the share of currency held abroad. have a significant seasonal pattern; see Porter and Judson, “The
Location of U.S. Currency.”

Seasonality in Currency Holdings

and in Banking Shipments 2. Stock of U.S. currency in two periods, 1959-63
and 1991-95
One factor undercutting any seasonality in foreign/ Raioscale billionsof dollars Ratio scale, billions of dollars
holdings is the unpredictable timing of foreign
national crises, which tend to precipitate large dollar ,, /__/
inflows to the affected nation. In addition, transaction — 30
costs may discourage foreign users from returning to_ %rfgl}tﬁf’ale /
the United States those dollars received in routine i
exchanges that may have a seasonal pattern. If for- /
eign currency holdings have relatively little seasonal-® \//'/ 1950-63,
ity and have tended to increase relative to domestic /y/\// (eftscale) | 280
28 ;/-/

17. Two_ other indir_ect methods, the coin and demographic, also ‘ ‘

embody this assumption (Porter and Judson, “The Location of U.S.
Dec. Dec. Dec. Dec. Dec.

Currency”).
18. Porter and Judson, “The Location of U.S. Currency.” Note. Currency measured as currency component of M1.
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The Seasonal Variation Technigue

Typically, the currency component of M1 is seasonally foreign demand does not vary seasonally), we can simp

adjusted with a model in which the unadjusted series isequation 1.3 slightly:

viewed as a product of three terms: a trend-cycle term, a

seasonal term, and an irregular, or noise, term. The seasonél.4) S=BS+(1-B)

term in the unadjusted series (the reciprocal of the seasonal

factor) is around 1 in periods without a discernible seasonalGiven values for the seasonal terms, equation 1.4 becomes

influence; it registers its largest values above 1 in periods of single equation in one unknowf, We can solve fof,

significant seasonal increases of currency, which occuiprovided that the seasonal terms in equation 1.4 do hot

around Christmas and the summertime vacation period; anéqual 1. In periods without a seasonal influence (which is

it is typically the furthest below 1 after such periods, when whenS = 1 andS¢ = 1), any value of, is consistent with

the seasonal term typically declines sharply. equation 1.4, so we cannot identify a unique value. Thus,
Given the assumptions above, the model for the domestithe method generates sensible estimates at an annual fre-

and foreign holdings of currency can be written as follows. quency but not at all frequencies.

First, overall currency holdings can be modeled as the The best estimate of the model is obtained by measuring

product of a trend-cycle (and irregular) component and athe seasonal variation around Christmas, specifically from

seasonal component in the respective (domestic and forthe seasonal high that is reached in currency in December

eign) locations. In symbols I&be the seasonal term aild  to the seasonal low in February. This period of the yeal is

ify

be the trend term so that the one in which the seasonal in currency is best aligned
with the seasonal in transactions (retail sales).
L.1) T,§= TS+ TiY Formally, we take equation 1.4 and rewrite the time
. t=t T Tt t

subscript asm,y (wherem refers to themh month in theyth
- _ _ - year) and sef; to . Then subtracting equation 1.4 fo!
where the superscriptis associated with the multiplicative  Fepruary from equation 1.4 for the preceding Decembper

currency components held domestically, the superstipt  and collecting terms i, we find that the share of currenc
associated with those components held outside the countryeld domestically is

and the subscript denotes timé.The left side of equation
1.1 represents the overall unadjusted currency series as the N Stecy = Seby + 1
product of the trend-cycle and seasonal terms, while the1-9) P ‘W
right side displays a parallel decomposition for the domestic ey Sy +1
and foreign components. If we Igf be the fraction of the
overall trend held domestically, and-13; the fraction held
abroad, then equation 1.1 can be rewritten as

To calculate this equation with actual values, we assumne,
for the reasons given above, that Canadian data can be tised
to estimate what the relative seasonal variations in the
United States would be without any foreign holdings of

(1.2 T,S=BT. S+ 1-B)T.Y currency. Given a seasonal adjustment procedure, we |can
use the estimate of the overall seasonal component for|the
CancellingT, from both sides of equation 1.2 currency component of M1 in the United States to estimate

the numerator in equation 1.5 and use the analogous term
for Canada to estimate the denominator; with the value for
(1.3) S=RS+1-p)d B, the domestic share, the share held abroad is then calcu-
lated as - (3.
Observe that equation 1.3 is an example of the main text’s
equation 1, with the seasonal term playing the role ofXhe ) : - :
variable in that definitional equation. Finally, assuMIng thatyh, e reduar (1 n he seasoral decomposiion can be viewsd ==
the foreign seasonal component is always equal to 1 (that isjot alter the results.

same seasonal pattethThis similarity implies that demand for U.S. currency and that for Canadian
any difference between the seasonal variation in totaturrency likely reflects foreign demand for U.S. cur-
rency. In addition, Canada’s set of denominations is

similar to that in the United States, and the bilateral

_— exchange rate is sufficiently close to 1 that pair-wise
20. The notion that the seasonal term in retail sales induces th‘?:omparisons of individual denominations or combi-
seasonal term in holdings of domestic currency is of long standing__,. fd - . inth . b

(see, for example, “Seasonal Variations in Money in Circulation,” nations of denominations in the two currencies can be

Federal Reserve Bulletivol. 18, December 1932, pp. 735-46). considered.
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Estimates from the Seasonal Method Biometric Estimates

Applying the seasonal method produces an estimat®ur use of the biometric method focuses on the
of the share of currency held abroad that begins wittsupply of $100s. The share of the nationwide net
about 40 percent in 1960 and then rises uniformlyjssuance of $100s attributable to four Reserve
reaching 70 percent by 1995 (chart 3, top pakel). Districts—New York, Atlanta, Dallas, and San
The estimated rise in the currency share abroad stenigancisco—over the past twenty-two years is out of
both from the drop in seasonal amplitude within theproportion to the Districts’ shares of other national
United States and from an increase in that for Canadaconomic characteristics (table 2). The anomaly
Toward the end of the period, the growth in the shareegarding these four Districts is consistent with our
of currency held abroad moderated, but the impliedunderstanding that most foreign shipments of cur-
flows abroad picked up sharply (chart 3, bottomrency go in and out of the New York District, with
panel) because of the large increase in overall curadditional smaller net inflows through the Atlanta
rency holdings. and Dallas Districts (from Latin America) and the

San Francisco District (from the Far East).

21. The seasonal adjustment method, applied to the logarithm of TO obtain a more Prec's‘? understanding of SL_JCh
the series, is from Cleveland and others, “STL: A Seasonal-Trendregional breakdowns, including the overall domestic—
Defompct)si}i%n-" Snagéﬂg{lnfghtther gszgﬁfegsgg >\</érl Asflr:]'\if{fr ?(fj ?:]f(')s foreign split in currency holdings, the second estima-
gﬁom(/%eﬁerr%. V@g haveJ chosen t?) report the STL re);ults because th I_ n m,ethOd We. develop m_ImICS a technlque used_by
are the smoothest, but the basic results would be little changed if othePiolOgists to estimate the size of an animal population
e o vaam. ¥ o e et e caumaeien they are able to capture only a sample of the
sahgwr\lNiln thue top pagne?’of cha?t 3is so srlrju?oth. gy construction thepom_“""'tIon atany Q'Ve” _tlme'_ The approach draws on
STL seasonal adjustment procedure guarantees that the monthly segtudies by a Danish biologist, Carl Petersen, who
sonal components are smooth through time, a property that evidentlyyorked more than 100 years ago. Petersen’s work
carfies over in this application to the ratios. suggested that an animal population can be estimated
by capturing a sample of animals, marking them,

3. U.S. currency abroad, estimated with seasonal method releasing them, and capturing another sample Pater.

Percent

Percentage held abroad

Billions of dollars

Net amount flowing abroad from United States

o+

LEEEEE e e e e e e e e e e e e e e e e ey
1965 1970 1975 1980 1985 1990 1995

NotE. Currency measured as currency component of M1.

Assuming that the marks do not affect the animals’
ability to survive (and thus their likelihood of being

in the second sample), the share of marked animals in
the (unknown) general population will be the same as
the share of marked animals in the recaptured sample
(see box “The Biometric Method”).

We adapt Petersen’s approach to obtain an estimate
of how much U.S. currency is abroad by combining
two sources of information. First, data from Federal
Reserve Cash Offices on currency shipped to and
from local banks allow us to obtain virtually continu-
ous “samples” of currency. Second, although cur-
rency is not literally marked, statistics for the pre-
1990-series note are maintained separately from those
for the 1990-series $100 note, which contains an
embedded security thred®.We can think of the
1990-series notes as marked animals: When a pre-

22. E.D. Le Cren, “A Note on the History of Mark—Recapture
Population Estimates, The Journal of Animal Ecologyol. 34
(June 1965), pp. 453-54, notes that Petersen did not use the method
for counting but that others properly credit him with the method. See
C.G. Joh. Petersen, “On the Biology of Our Flat-Fishes and on the
Decrease of Our Flat-Fish FisherieReport of the Danish Biological
Station,vol. 4, 1893. See also G.A.F. Seb&he Estimation of Animal
Abundance and Related Paramete2d,ed. (Macmillan, 1982).

23. The 1990-series notes were introduced in August 1991, in
$100s. The 1996-series $100 note was introduced in March 1966 (see
box “The 1996-Series $100 Note”).
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The Biometric Method

For any geographic area, the total population of notes to beJnlike the biologists, we do know, apart from what has
estimatedN, can be expressed in relation to three knownbeen lost or destroyedUsing N, the estimate for total
numbers: M, the total number of marked (1990-series) notes, the number of notes heldforeign countries isN =

notes; n, the number of notes in a sample; ang the N - N;, and the share of notes abroad is ju;stf\l. This

number of marked (1990-series) notes in a sample. Assummethod has the advantage of using parallel estimates
ing that the notes circulate freely and randomly, so that thedomestic and foreign circulation. Using the actidlthe

sampled proportions of marked notes are representative adhare of currency abroad is estimatedN\a&N, which has
the notes circulating in the area chosen, Petersen’s approathe advantage of using our knowledge of the total amount
(see text note 22) tells us that the sample proportion ofof currency in circulation for each of the denominations.
marked notes is equal to the proportion of marked notes in The range of estimates for each denomination (see table)
the whole population: can be considered outer bounds for the true figures because
of the way they represent hoarded notes. The biometric

method is able to estimate only the population of notes

actively in circulation;the bank notes that are hoarded do
not circulate and hence cannot be part of the estimates of
With the total number of notes in the populatidh,in some  n/m for any location. When the foreign share is estimatgd
geographic area (for example, a Federal Reserve Cashs the ratio of notes circulating in the foreign pool to all
Office’s area) as the only unknown in this relationship, we notes outstanding, the implicit assumption is that all

—

or

M_m
1.1 S
(1.1) Non

can solve for it as uncounted notes are in the domestic pool, which is presum-
n ably not true; thus, the estimate is a lower bound of cur-

(1.2) N=—M rency held abroad. Similarly, estimating the foreign share
m as the number of notes in the foreign pool over tofal

We have used the Petersen method to obtain estimates df€asured notes implicitly assumes that notes are hoardegd in
Federal Reserve 1990-series $100 and $50 notes circulatin)® Same proportion that they circulate. In this case, if notes
in the United States and abroad ($50s with the embedde@® hoarded disproportionately abroad, the estimate cquld
security thread were introduced in 1992). We know the total®€ higher; however, the estimate for $100s is about 70 per-
number of marked notedyl, from outflows of the 1990- cent, and we find it unlikely that more than 70 percent [of
series $100s and $50s from each of the Federal Reser/éi€ hoarded notes in the world are hoarded abroad. Thus,
Cash Offices; and we know the ratio of total sampled notesVe consider this estimate an upper boénd.
to marked sampled notes/m from notes that are received
from circulation at each Cash Office. —

Because almost all currency sent to and received from 1. A difference between this problem and the biometricians’ is that they
o . h h the N York City C hcapture and count marked species over discrete time intervals, whereag the
On_:'"gn Count”e_s_ goes through the e_W (?r _ ity Cas Federal Reserve continuously processes currency. Thus, our computati
Office, we provisionally assume that this office is the for- should, in principle, use a lag of the quantity of new notes in circulation|to
eign pool and the rest of the Offices together constitute theccount for the fact that notes released during the sample period arel not
d . | . | . ; lati actually part of the pool for the whole period. In practice, lags do not appgar

omestic pool. We estimate total notes in circulation o matter. For estimates of notes that are lost and destroyed, see Laufrent,
throughout the United States excluding New York City, say “Cgrri?lcy in Circulation.” be relativel 1o | :
; : ot . The estimates appear to be relatively robust to alternative assumptions
Nm)“ by_applylng _equatlon 1210 the pool c0n5|st|ng_of all about the location of the foreign pool. Little changes if, as part of the foreign
the Offices outside New York City. Then, to obtain an pool, we include two other cities, Los Angeles and Miami, that are believed
estimate of total domestic currency circulation (that is, to_ ha_ve s_ignificgnt fo_reign currency activity. Generally: if we try to align't e
T N York Ci | f District biometric estimates with the relevant economic variables that influ-
Including _ew or ity), N;, we scale up to accoun_t Or  ence domestic currency location, we obtain estimates of domestic holdings
the population served by the New York City Cash Office:  that are similar to the aggregate biometric estimates.

ponw . . .
Ny = Ny (1 + ) Biometric estimates of currency held abroad

pog(ny Percent

wherepop,, is the population served by the New York City %508 ‘ $100s

Office, andpop,,, is the population served by the rest of the
Cash Offices combined.
We can estimate the foreign share of currency holdings in

(De Ce%%"’gr vl Value used for total bank notes

Estimated‘ Actual ‘ Estimate+ Actual

two different ways, depending on whether total notes are1991 ... n.a. n.a. 56 82
determineq as the sum of the notes in all t.he Federaﬁggg:jj %g 2421 g; ;g
Reserve Districts, sajl = N,, + N, (that is, an estimate) or  1994.... % Zlg gg ;é

are taken as the actual total of notes in circulation, Nay
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1990 note is “sampled,” or returned to a Federal
Reserve Cash Office, it is “marked” by being
replaced with a 1990-series note. We know how
many 1990-series notes have been issued by ea
Federal Reserve Cash Office, and we know how
many return to the Cash Offices in later samples
Second, we make use of the institutional fact that the
New York City Cash Office handles relatively few
cash shipments to and from domestic banks and thd
most of the currency shipments it handles are to an
from foreign banks. Thus, if we can estimate the
“population” of dollars in the “pool” served by each
Federal Reserve Cash Office, the currency abroad ca
be estimated as the population in the New York City
Cash Office pool.

Using the biometric method, we find that the
December 1995 estimate of the share of $100s hel

abroad is between 66 percent and 75 percent and the

estimate for $50s (marked with a security thread in
1992) is between 40 percent and 49 peréént.

The 1996-Series $100 Note

~hDomestic and foreign shipments of a newly design
U.S. $100 note began in March 1996. Aside from min
changes introduced in 1990, the 1996 note was the f
redesign of U.S. currency since 1928. The goal of t
change was to preserve as much of the traditional app
ance of the note as possible while introducing new se
at rity features that would make the note more difficult
1 counterfeit. With the new design, which will be applie
to smaller denominations over six- to twelve-month inte
vals, notes are the same size, use the same ink color
npaper, and feature the same historical figures and mo
ments as before. However, the portrait has been enlar
and moved to the left to make room for a waterma
that matches the portrait. Other security features inclu
4 microprinting around the portrait and elsewhere, a thre
woven into the note in a different position for eac
denomination, and, for the larger denominations, a s
cial ink for the denomination number in the lower righ
front corner of the note that changes color when o

ed

rst
he
bar-
CU-

De-

—

ne

changes the viewing angle of the note.

UMMARY OFALL ESTIMATIONMETHODS

In addition to the two methods described above, eigh
other techniques were developed to estimate the stod
of U.S. currency held abroad. These are summarize
in table 4.

The estimate of the foreign share of currency using
indirect estimates of the type just described is just
under 30 percent using the coin method and ranges
from about 50 percent to 70 percent using the bio- ] S ) ]
metric, demographic, and seasonal methods (table 5). Taking the midpoint of this range of estimates

Although flow-based methods (both direct and out-dives us a way of assigning an end-of-year value for
lier) do not yield straightforward estimates of the the share abroad for any method for which we have

stock held abroad, such estimates can be derivetioW data; for example, we derive an extreme range
because the flow data over the years can be consisteft 49 percent to 71 percent for the shipments proxy
only with a relatively narrow range for the overseas(S€e note 25), the midpoint of which is 60 percént.

stock. The estimates are obtainable from a trial-andOVerall, the shares of currency held abroad at year-

error procedure using various assumed values for thend 1995 as derived from the flow-based estimates
current proportion abroag, range from the low of 17 percent for the CMIR

statistics to a high of 60 percent using the shipments

proxy.
24. As an alternative, we have also estimated the model for each \\e have also used the same trial-and-error method

Cash Office and then aggregated the results. The estimate in the te . .
should be preferred if there are significant movements of currencfb get an estimate of currency held abroad averaging

(leakages) across these domestic pools. In any event, this alternathv@Cross all of the methods. We begin by taking the
estimate tends to be within a few percentage points of those shown ipstimated flows abroad for each year of the period
the text by the end of the sample period. Thus, it does not seem to
matter very much whether we explicitly consider leakages of currency
across the domestic pools.
25. To see the steps involved, consider what foreign holdings ofcurrency outstanding at the end of 1976 had been held overseas
currency would be consistent with some flow estimates. According to($80.1 billion, not seasonally adjusted), then the stock of foreign
the shipments proxy, currency shipped abroad between 1977 and 199%ldings would have been $263.4 billion, or 71 percent of the total.
totaled $183.3 billion, on net, as shown in table 5, column 1. If no  26. Clearly, neither endpoint is likely to be correct, whereas a value
currency had been held overseas at the end of 1976, the total stock ofear the middle is much more likely to be so. Thus, we will use the
foreign holdings at the end of 1995 would have been $183.3, ormidpoint in what follows as a rough gauge of the percentage held
49 percent of the total outstanding. At the other extreme, if all abroad.

AE330338833%
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from 1977 to 1995 for each of the seven availablethe midpoint between the two extremes), we obtain a
method<%” For each year of the period, we take the midpoint estimate of 55 percent as the proportion of
median value of the seven estimates, which are thetotal currency that was held abroad at the end of
summed across years to obtain the total median flovi995.
estimate for the entire period, shown in the first two As a check on this estimated percentage abroad, it
columns of the bottom row of table 5. Taking the is helpful to evaluate the largest denomination in
flows from the median flow estimate and using theactive circulation, the hundred-dollar bill, which
same technique to estimate year-end shares that we#ays such a major role in the overseas currency
used before for each of the direct methods (takingnarket. The available estimates for $100s, shown in
table 5, are consistent with 74 percent of this denomi-
nation being held abroad. If only $100s were abroad,

R . . _ _they alone could account for an overseas share for
27. For three of the methods (biometric, demographic, and foreign tal f a4 t A bl
currency shipments), we do not have sufficient years of data to includéO al currency o percent. reasonable assump-

them in the median calculation. tion is that the smaller denominations could easily

4. Methods for estimating currency abroad

Method Description
Indirect (stock-based)
Seasonal Described in text
Biometric Described in text
Coin As in the seasonal method, we use Canada’s ratio of notes to coin to estimate the U.S. domestic

ratio, assuming that U.S. coins are not typically used outside the country

Demographic Estimates of the ages of domestic and foreign notes were obtained from special samples of physical
notes taken in March and October 1989. The overall age of notes in circulation is a weighted
average of notes circulating abroad and domestically

Direct (flow-based)
Customs reports Businesses and individuals moving more than $10,000 across U.S. borders must generally file
Currency and Monetary Instrument Reports (CMIRs) with U.S. Customs. Incoming travelers are
informed of the filing requirement on their Customs Declaration. Departing travelers are
occasionally informed of the filing requirement or are targeted for enforcement purposes

Foreign currency shipments Net foreign currency shipments are reported to Federal Reserve Cash Offices on an informal basis
by the small number of commercial banks that are major international shippers of currency

Shipments proxy We assume that monthly net shipments of $100s from the New York City Cash Office are
approximately equal to net shipments abroad of all currency. We exploit the institutional fact that
foreign shipments are predominantly in $100 notes and that they most often originate at the Federal
Reserve Bank of New York. We assume that the three sources of disparity between actual net flows
and New York shipments (that is, the quantity of $100s used domestically within the area served by
the N.Y. Office, the quantity of lower-denomination notes this Office sends abroad, and foreign
shipments by other Cash Offices) are all small

Cash Office flows We compare currency shipment data from each Federal Reserve Cash Office with other indicators

of regional cash demand such as population and income. Cash Offices whose share of total shipments
is much different from their population or income shares are assumed to be making or receiving
foreign shipments. Statistical methods yield an estimate of the domestic cash demand component

as indicated by local population and income

Outlier-based (flow-based)
Money demand If currency holdings abroad increase sharply, then predictions of U.S. demand based on domestic
factors such as U.S. interest rates and transactions should produce a significant underestimate. This
approach measures the net flows of currency abroad from prediction errors generated by the Federal
Reserve Board staff's currency demand model

Signal extraction Like the money-demand method, this method is based on outliers from a prespecified relationship,
in this case a time-series model

Summary measure of currency
flows abroad

Median flow estimate Computed as the median in each year of the estimates from seven of the above methods: seasonal,
coin, Customs reports, shipments proxy, Cash Office flows, money demand, and signal extraction.
The remaining three methods do not have data for enough years to be included in this estimate
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contribute 11 additional percentage poifsThus, 1990s (table 6). The domestic flows show no distinct
the evidence for $100s appears consistent with atrend, and most of the year-to-year changes in the
estimated minimum of around 55 percent of currencycurrency component of M1 (including the pickup in
being held abroad. the 1990s) are accounted for by variations in the
foreign flows2® (Appendix A is an economic and
statistical analysis of these summary flows.)
PROPERTIES ORMEDIAN FLOW ESTIMATE Two notable multiyear spurts appear in the net
OF OVERSEASCURRENCYFLOWS amount of currency going abroad: in 1990 and the
early part of 1991 and again in 1993 and 1994. The
All our methods except the CMIR indicate that over- first surge is associated with an increase to Argentina
seas currency flows are large and growing. We focusind with a worldwide increase in the demand for
on the median flow estimate because it does notlollar currency as a result of the Persian Gulf war;
depend very much on the results of any one methodhe second is part of the deteriorating situation in
The median flow calculations show that the overseafussia and other parts of the former Soviet Union.
component of currency flows has been picking up, toAlthough overseas currency flows tended to drop
more than 70 percent of total currency flows in theback somewhat after these surges, the general upward
path for foreign currency shipments is unmistakable.
28. Estimates from the biometric, seasonal, and demographic meth- Predicting the future course of shipments is even
ods for denominations less than $100 can easily account for thgngre problematic than estimating past flows. Some
needed increment. .
of the currency held abroad is used by travelers to
areas outside of Western Europe, so that more such

) ) travel is likely to increases the foreign demand for
5. Net flows of U.S. currency to foreign locations and the y 9

percentage of U.S. currency abroad, by method of currency. But the remaining, larger component is
estimation much more unpredictable and subject to massive and
p— abrupt shifts because of wars or fundamental changes
(bilons December 1995 in economic and political regimes or to evolving
Method of dollarsp | SXERESIPCY  fears about such developments.
1977—94 1988-95 Overall $100s

29. Statistically, they have a simple correlation coefficient of 0.98

Indirect (stock-based) methods with annual data.

Seasonal ...................... . 223.6 132.5 70 74
Biometric ...l . na. n.a. n.a. 70
COiN .o . 173.8 92.2 29 C ..
DemographiC .................. L C 2] 513

Direct (flow-based) methods 6. Increase in the currency component of M1, by foreign
Customs reports. .............. 52 421 17 n.a. or domestic destination

Net foreign currency shipments, .
as compiled by N.Y. FR Billions of dollars except as noted

Cash Office ............... n.a. 107.1 54 L. : - X :
Shipments proxy............... 183.3 1403 60 S Going to foreign Going to domestic
Estimates based on Cash Office e _ Total economies economy

flows.......ooooiiiii . 163.1 123.2 58 634 increasée

Amount Percent Amount| Percent

Outlri]erc-jbased (flow-based)

methods

Money demand................ 1196 1046 43 ... TSROt - ST v v S S

Signal extraction............... 179.6 140.4 59 944 1979........ 8.8 2.4 27.2 6.4 72.8

Median flow estimates ........| 163.8 123.1 55 7458 1980........ 10.6 3.6 33.7 7.0 66.3

- - - - 1981........ 7.2 2.3 32.0 4.9 68.0

NotE. For detail on the results of the coin, shipments proxy, Cash Office, and  1982....... 9.9 3.8 38.1 6.2 61.9
outlier-based methods, see Porter and Judson, “The Location of U.S. Cur- 1983........ 13.7 5.3 38.7 8.4 61.3
rency.” For detail on the demographic method, see Feige, “Overseas Hold- 1984........ 19 3.5 35.6 6.4 64.4
ings of U.S. Currency.”

1. The average of the two estimates that bound the true value. iggg -------- Eg ig ggg gg ggg

2. Surveys taken in the spring and fall of 1989. An updated estimate of the 10871 161 6.0 37.3 101 62.7
currency held abroad based on this 1989 estimate and the median flow estimate 1988 | 15.4 615 41.9 9.0 58.1
(last row in table) yields a result of 59 percent at the end of 1995. 1989 ........ 10.4 57 54.5 4.7 455

3. This value becomes 78 percent when updated by the increase in $100s
since 1989 that is associated with the shipments proxy. A0 505004 24.2 18.3 75.7 5.9 24.3

4. Midpoint of feasible range for proportion of currency held abroad; see 1991........ 20.6 15.1 731 55 26.9
text. 1992........ 255 18.1 71.2 7.3 28.8

5. Computed by taking, for each year, the median of the seven methods that iggi """" %gg %gg ;gg gg %‘7“51
have data for 1977-95 and then taking the median of the resulting series. |~ 7] : : : : :

6. Median of all methods yielding a value, with the demographic value | 1995, .. .... 18.3 13.6 74.5 4.7 255
updated as in note 3.

n.a. Not available. 1. December to December, seasonally adjusted.
... Not applicable. Source. Federal Reserve and authors’ calculations.
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Finally, the growth of total U.S. currency outstand- seen from simple back-of-envelope calculatiéhs.
ing over the past fifteen years has clearly outpacednd we have already seen that surveys do not assign
both the inflation rate and the growth of the U.S.much cash to households, although respondents may
population (that is, as shown in chart 4, total real U.Sunderstate the true amounts they h#d.
currency outstanding per U.S. resident has risen sub- An unreported rise in the use of currency could
stantially since the early 1980s). But the level of realreflect a rise in tax evasion or underground activity
domestic balances has been nearly flat since the lafsuch behavior is very unlikely to be picked up in a
1980s (chart 4), a result, perhaps, of the increasingurvey of currency usage). But the estimated size of
use of currency substitutes such as checks and credite unrecorded economy does not seem sufficient to
cards (as found in the 1995 currency survey). Byaccount for the observed increase in currency hold-
contrast, real foreign demand has been increasingngs. Suppose that 10 percent of U.S. gross domestic
sharply, resulting in a more stable appearance for theroduct were generated in the cash economy—a gen-
trend in total real currency per U.S. resident than forerous assumption—and that all worldwide illegal
either of its component. drug transactions were exclusively done with U.S.

currency (an assumption that double counts the illegal
drug transactions included in the U.S. cash economy).
The Contrarian View That Most U.S. Currency We know from currency surveys that an average unit
Is Held at Home of currency turns over on the order of thirty-five to
fifty times per year. Thus, the amount of currency
One of our basic findings is that most of the recentrequired to support both the 10 percent of our $7 tril-
increase in the demand for currency has been fronion GDP economy plus all drug trafficking (reported
outside of the United States. The other possibility isto be on the order of $300 billion) would be between
that the increased demand has been domestic in orabout $20 billion and $30 billion, or only 5 percent to
gin. But domestic sources for the recent surge in totaB percent of U.S. currency outstanditig.
cash holdings are difficult to identify. Most analysts Tax avoidance is the most likely other possibility
do not ascribe very much currency holding to busi-that would account for the cash we attribute to for-
nesses; the thinness of their likely holdings can besign holdings. Suppose that, to avoid taxation, indi-
viduals and businesses manage to hide sizable

30. The foreign component is the median flow estimate for 1977-
95, here deflated by U.S. population because we are uncertain of the 31. Most businesses need nothina more than seed cash to operate
size of the foreign population that holds U.S. currency. The levels for ; g p ’

the foreign component are based on the midpoint of the range for thi nd the total amount of such cash is not likely to be significant, as the
series, estimated to be 55 percent at the end of 1995 ollowing calculation shows. Almost 2.7 million retail establishments

existed in 1992. Taking certain elements of cash use at supermarket
chains as the standard for all retail establishments that year, assume
that each establishment had ten cash registers (currently the median
4. Median flow estimate of the foreign component number for supermarket chains) and each register contained $2_00 of
f the total real stock of U.S. currenc seed cash (the amount that at least one Iargg supermarket gham uses
0 . ency, for that purpose); then the total currency holdings by all retail estab-
measured in dollars per U.S. resident lishments would have been only $5.4 billion, or 1.8 percent of the
total stock of currency at the end of 1992. If, in addition, one business
days’ worth of total consumption was always in transit to depository
institutions, the total amount from both of these sources would have

Ratio scale, chained (1992) dollars

— —— 1400 been only $22.3 billion, or only 7.7 percent of total currency holdings
Total in that year.
— — 1,000 32. Even taken at face value, CMIR statistics contradict claims that

the foreign component is small. For example, the CMIR data imply
that, taking the midpoint of the range of estimates, 17 percent of
currency was held abroad at the end of 1995; but in that case, the
implied amount overseas at the beginning of the sample (the end of
1976) would have been 67 percent. On the other hand, if little
currency is held abroad currently, how would one account for the
$53.2 billion in currency that was returned to the United States in

Domesti¢

Foreign 1995, according to CMIR statistics?
33. That is, with a turnover rate of fifty, ([D.x 7 x 109 + [300 x
109]) / 50 = 20 x 1. The most recent cash survey, in 1995, found
S O e that the turnover rate of currency was about thirty-six times per year,
1980 1985 1990 1995

down from a rate of fifty times per year in the mid-1980s (a decline
Note. Currency measured as currency component of M1 and deflated by thdfom about seven days per turnover to ten). Such a decline might be

chain-type price index for personal consumption expenditures, 1992 base year€xpected in light of the generally lower level of interest rates prevail-
1. The domestic component is defined here as total less foreign. ing more recently.
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amounts of cash that they had skimmed from theidemand for money in these developed counfifes.
business cash receipts. Such activities undoubtediWe conclude that these differences can be explained
occur, but it strikes us as dubious that in the aggrein part by differences in the principal determinants
gate they could fill the void, given that currency, of currency holdings—interest rates, inflation, and
which does not pay interest, must compete with manyspending. But more important, we believe the differ-
other investment vehicles that produce significantences can be more fully explained by differences in
real returns. payment systems and practices as well as in the levels
Another counterargument to our findings would beof crime and taxation, the availability of ATM
that we have not given sufficient recognition to themachines, the relative size of the denominations in
unique characteristics of currency, including its ano-which currency is issued, and, we suspect, the rela-
nymity, which can have great value in some (mostlytive strictness of the regulations regarding currency
illicit) transactions. However, this advantage is notusage.
unique to transactions within the United States but
extends to the world, in part because of even fewer
legal and regulatory restrictions on the use of cur-SUMMARY ANDCONCLUSIONS
rency elsewhere. Also, the increase in $100s, the
denomination with the most significant increase, hagOne of the purposes of the Federal Reserve System is
been concentrated in one Federal Reserve Casgb provide currency on demand—*to furnish an elas-
Office, that serving only New York City and its tic currency,” according to the preamble of the 1913
environs. Tax evasion and other illegal activity can-act creating the Federal Reserve. The original impe-
not explain this geographic concentration. Moreovertus for providing a more flexible currency supply was
if the New York City region actually had a highly domestic in nature—for example, at the time, one-
unusual distribution of cash, it would surely be third of the population was still engaged in agricul-
reflected in other statistics such as a skewed gedural pursuits and thus subject to the large seasonal
graphic distribution of vault cash, which is not the swings in agricultural transactions, a great many of
case, at least for the District in which New York City
is located (table 2). Nor, finally, can tax evasion and
other illegal activity explain the data’s temporal 35. The balances for Switzerland conceivably include substantial
pattern—for example, the sharp rise in the ratio ofamounts of cash held by nonresidents in safety deposit boxes at Swiss
banks. If so, the Swiss data, like that for the United States and
currency to M2 that began at the end of the 1980s. Germany, should be adjusted for “foreign” holdings. Currently,

almost 90 percent of Swiss currency value is held in three large-
denomination notes—100 francs, 500 francs, and 1,000 francs—with

almost 50 percent of total currency held in the largest of these.
CROSSCOUNTRYCOMPARISONS Because 1,000-franc notes rarely circulate in Switzerland, we suspect

that some of the currency is held in safety deposit boxes.
After decades in which many developed countries
have supposedly been moving to cashless economies,
the sheer size of current per capita currency holdingg. Comparison of per capita amounts of currency in
around the world may come as a surprise (table 7). circulation in selected industrial countries, 1995
For two countries, the United States and Germany;

. Count U.S. dollars
part of the mystery is removed when we take the i
foreign holdings into accourit.Making such adjust- = Japan............. L . 3,590
. . . Switzerland .. ............ . . 3,450
ments, the United States per capita holdings move to Germany...............0 .l . 2,030
H H Netherlands. ............coooiiiiiiiiiann. .. 1,550
the low end of the international scale, roughly equal ypieq States 11450
to the per capita levels in Great Britain, Finland, and EZQ“{S,’T’]"' igég
Canada—countries without significant external hold- Germany with foreign holdings removed ’
ings of their currencies. Appendix B explores how  syeaog "9 3° percentabroad............ - i
1 i i i i taly o e .. 1,080
the relatively high amo_unt_ln othe_r countrl_es (eve_n Iy - 1050
Germany after deducting its foreign holdings) might AEUEEos00029205000080205000090380920000001 . <80
. . A D Gaaoa0asa0006060a0a06088a0a0a08000ad 6o
be explained in the context of an analysis of the uUnited States with foreign holdings removed,
assuming 55 percent abroad............ 650
Finland . ... .. 560
Great Britain. ... - 530

Notke. Per capita amounts converted to dollars and rounded to the nearest
34. Work at the German central bank suggests that between 30 peg10. Some values for 1995 population are extrapolations.

cent and 40 percent of deutsche marks are held outside Germany. Seesource. International Financial StatisticInternational Monetary Fund),
Seitz, “The Circulation of Deutsche Mark Abroad.” Bank for International Settlements, and authors’ calculations.
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which were undertaken with cash. But within a cent of the U.S. currency stock is currently held
decade of the act’'s passage, the Federal Resenaitside the country.
began to collect data on overseas shipments of cur- The large expansion of the stock of U.S. currency
rency by a number of large commercial banks inin the past decade—attributable, as we have seen, to
New York City, and over the subsequent seventyforeign demand—has provided a significant rise in
years, U.S. currency has become the world’s leadingeigniorage to the U.S. Treasury and in the benefit
cash medium. In addition to the dollar’s virtues asthat seigniorage provides to U.S. taxpayers. In the last
cash (anonymity and compactness), dollars are heldeveral years, the Federal Reserve’s holdings of U.S.
and used because of their liquidity and stability rela-securities (the bulk of the Federal Reserve’s balance-
tive to most of the world’s currencies. While much of sheet counterpart to the stock of U.S. currency
U.S. currency abroad is held in $100s, a significanbutstanding) have yielded annual net earnings—
amount also appears to be in smaller denominationsseigniorage—of roughly $15 billion to $25 billion,
Determining how much of U.S. currency has gonewhich is turned over to the U.S. Treasury. Our esti-
abroad or returned from abroad in any period ismate is that roughly one-half to two-thirds of the
difficult. Identifying flows between the United States earnings is likely attributable to foreign holdings of
and any individual country is even more problematic.U.S. currency.
If the flows in both directions stay within the banking  In sum, we now have several methods of determin-
system, the banking data we have will often captureng the stocks and flows of dollars abroad. The esti-
much of it. However, if the flows are extraordinarily mates are far from identical, but they generally point
large, as they appear to have been recently, the outlien the same direction, toward large and increasing
methods—the money demand and signal extractiomuantities of U.S. dollars abroad.
methods—may be able to pick up aggregate net out-
flows as well¢
The difficulty is that not all currency moves across APPENDIX A: OTHER PROPERTIES
borders within the banking system. Thus, part of ouroF THE MEDIAN FLOW ESTIMATE
motivation for developing the indirect methods, such
as the seasonal and the biometric, was to capturklere are details on our investigation of the relation-
flows that might not show up in the more direct ship of the changes in the overall demand for cur-
measures. In fact, all of the methods except for thatency and its domestic and foreign components and
using the CMIR data from Customs suggest that aon considerations in determining a confidence inter-
large amount of currency has gone abroad, and weal for the median flow estimate.
are inclined to view those expansive estimates as
being close to the truth. Does this mean that the
methods are inherently good? Or is this just a coinci-The Median Flow Estimate
dence? We think it safe to say that the movementsind Domestic Demand
abroad have been so large in the 1990s that any
reasonable method would have a fair chance of pickRecent changes in currency holdings seem to be
ing them up. dominated by the foreign component: While the for-
Our “median flow” estimates of the amount of eign component has been trending up, the domestic
currency held abroad and the size of recent overseaomponent has been rather flat at an average level of
flows suggest that more than half of the nearlya little less than $7 billion (table 6). To see whether
$300 billion increase in the currency component ofthe domestic component responds to economic incen-
M1 since 1976 has gone abroad to accommodatéves, we regressed the change in the currency com-
increased demands for Federal Reserve currengyonent of M1 on the median flow estimate as well as
(table 6). Higher flows abroad would be registered ifon variables possibly determining changes in the
we used the shipments proxy (60 percent) and muclklomestic demand for money.
lower flows would be estimated if we used the Cus- If the coefficient on the median flow estimate is
toms data on CMIRs (less than 2 percent). We havelose to 1 (as it is in the regression reported in
also estimated that between 55 percent and 70 petable A.1), then we can interpret the remaining coeffi-
cients as a domestic money demand function for
the annual change in domestic currency holdings.

T _ _ _ That is, with the full effect of the median flow esti-
36. The same also applies to the Cash Office flows, which can be

thought of as a crude form of money demand applied to the District ormate bemg Captured by the ?hange 'n the currency
Branch level. component of M1, the result is essentially the same
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as if we had subtracted the median flow estimateConfidence Intervals for the Median Flow
from the change in the currency component and therstimate
estimated a money demand function for domestic
currency holdings. Of course, if the coefficient on theAn advantage of using the median flow estimate as
overseas flow is significantly different from 1, such the summary measure of currency flows abroad is
an interpretation will not hold. that it readily permits statements of confidence inter-
The domestic part of the specification explains thevals. From a statistical point of view, one may regard
changes in domestic currency holdings by an interthe seven estimates (one from each of our seven
cept, the change in the nominal interest rate, and different methods) used in constructing the median
consumption measure. The change in the nomindlow estimate as a random sample from a continuous
interest rate is measured (in the spirit suggested bdistribution of possible estimates; in that case, the
Lawrence Ball) as the weighted average rate on aample median that we use is an estimate of the
narrow alternative to holding currency, hamely themedian of the population distribution.
components of M2 without any maturity: other In the example at hand, the median is the middle
checkable deposits, money market deposit accountsesult obtained from the seven estimation methods
savings accounts, and money market mutual fund&nd hence can be thought of as a result of discarding
account$’ The scale measure is the change in nomithe three highest and three lowest estimates of net
nal consumption expenditures (excluding those orflows abroad; in that light, variations in confidence
automobiles, which are generally not bought withintervals for median flow estimates can be con-
currency). The specification is in changes and not irstructed on the basis of variations in the number of
levels because levels (together with lagged stocks textreme observations that are excluded from the
cover distributed lag effects) require accounting forcalculation (chart A.1¥° For the widest confidence
the measurement error in the level of currencyinterval, none of the observations are excluded, so
abroad:® that the lower and upper confidence limits are formed
Each of the estimates has the correct sign, but modiy the lowest and highest of all seven observations;
of the variance of the change in the currency compofor the intermediate interval, the lowest and highest
nent, at least at an annual frequency, apparentlpbservations are excluded; and for the narrowest, the
results from changes in foreign holdings and nottwo lowest and two highest are discarded. These
domestic holdings. The framework of table A.1 ranges may be useful if one wants to represent some
allows us to distinguish the relative contributions in
an analysis of variance, and we find that almost
90 percent of the variance of currency changes results 39, o optain the widest interval, we drop none of the observations

from changes in foreign currency holdings (row 2). in constructing the range. In that case the probability that the range
consisting of the smallest to largest flow would cover the true median
in some period is about 0.98; alternatively, if one removed the top and
bottom estimates from the set of seven, the resulting confidence
37. Lawrence Ball, “Velocity and the Return on Near Moneys,” interval for the median would be about 0.87; finally if one removed
(Johns Hopkins University, June 1995). the top two and bottom two estimates, the probability that the result-
38. If we drop any one of the methods from the median calculation,ing interval would cover the true median would be about 0.55. See
the resulting regression estimates are relatively similar to those showRobert V. Hogg and Allen T. Craigintroduction to Mathematical
in table A.1. Statistics 5th ed. (Prentice Hall, 1995), pp. 497-98.

A.l. Results of regression of change in currency component of M1 on foreign demand and the determinants of domestic
demand, and associated decomposition of variance

Determinants of domestic demand
Foreign demand : .
ltem median flow Change in Change in sta?%ggduaeﬂrror CO\II:rrrlr? 1ee R?
estimate Intercept nominal interes{ consumption
rates expenditures
Regressioh ................ .993 5.912 -1.223 13.096 13 .. .9754
(15.1) (3.5) €2.7) 7)
Variance decompositién. . . . . 52.6 9 1.7 3.1
(90.3) — g5 ——— (2.9 (5.3)

1. Numbers in parentheses argatistics.

2. Numbers in parentheses are the percentages of the variance of changes in
currency that are explained by each column or set of columns.

... Not applicable.
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of the uncertainty that exists about net flows ofthe CMIR data, which generally appear to underesti-
currency abroad. mate net currency flows abroad and produce the
For that purpose we are inclined to use either thesmallest flow measure in nearly three-fourths of the
intermediate or narrowest interval: The width of nei- periods. This result raises the question of how much
ther interval shows any tendency to trend up overthe median flow estimate would rise if we excluded
time; the widths are not constant but can get relathe CMIR statistics at the outset: In that case, the
tively narrow, as in 1990 or 1992, years for which theresulting summary measure matches the median flow
various methods are in broad agreement about neistimate for much of the period and lies slightly
flows of currency abroad. above it otherwise; the average amount by which it
Another part of our reason for preferring the two exceeds the median flow estimate is only $0.5 billion
narrowest ranges is that they exclude the smallegper yeart©
observation in each year and thus give less weight to Alternatively, because the CMIR flows are most
often at the bottom of the range of estimates, one
could diminish their influence by constructing a con-
A.1l. Alternative confidence intervals for the median flow fidence interval ranging Trom the n?Xt to the smallest
estimate flow to the largest flow in any period; such a range
would cover the true median about 93 percent of the
time. Further, as an indication of the level of uncer-

Billions of dollars

Widest - tainty about net flows abroad, the implied standard
— Upper limit 39 error associated with such a range would currently
lie between about $2 billion and $2&4 billion per
— Median flow estimate — 20 year.

APPENDIX B: ESTIMATES OFCROSSCOUNTRY

W \ CURRENCYDEMAND
_ — 10

Leeeiet i We investigated the degree to which the cross-
N e country differences in per capita holdings of currency
can be explained by various economic factors. We

?

Intermediate estimated currency demand equations for fourteen
— — 30 developed countries with data covering a seven-year
period ending in 1993* The equations have the
— 20 following specifications:
— 10  The dependent variablegLociTy, which is the
: currency velocity of GNP, that is, the ratio of GNP to

the estimated currency holdings that are inside the

_ 0 country but outside the banking system.

Narrowest 40. Taking the median of the six methods excluding the CMIR
method would increase the midpoint estimate of the amount held
abroad slightly, from 55 percent to 57 percent.

41. In our specification, all the variables are natural logs of the
20 underlying series, and the variable names are written in small capital
letters. We thank David B. Humphrey and his collaborators for mak-
ing their cross-country currency data available to us (see David B.
Humphrey, Lawrence B. Pulley, and Jukka M. Vesala, “Cash, Paper,
and Electronic PaymentsJournal of Money, Credit, and Banking,
vol. 28, November 1996, part 2, in press). The only variable that
we have added igATIO OF REVENUE TO GDP from Robert Summers
and Alan Heston, “The Penn World Table (Mark 5): An Expanded
Set of International Comparisons, 1950-1988fie Quarterly Jour-
nal of Economics,vol. 106 (May 1991), pp. 327-68. We used
an updated version, Mark 5.5, available by anonymous ftp from
ftp://nber.harvard.edu.

10

= 4r

— — 10
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* Two opportunity cost terms, an interest ratepurchasing power associated with the largest denomi-
(NoMINAL RATE) and the rate of inflationi{rLaTioN  nation of domestic currency that is generally avail-
RATE). Higher opportunity costs tend to induce cur- able. For example, the largest denomination in active
rency holders to reduce their holdings, resulting incirculation in Japan (the ¥10,000 note), the United
higher currency velocities. Kingdom (the £50 note), and the United States (the

» Two “scale” terms. The firstraTio oF REVE-  $100 note) range in value in dollar terms from about
NUE To GDP, accounts for the velocity effect of the $78 to $100 as of this writing; these values represent
underground economy: If government raises taxesgonsiderably less purchasing power than that of the
tax avoidance will rise, leading to more productionlargest denominations in Canada, Germany, the
in the off-the-books (cash) sector, which in turn Netherlands, and Switzerland, all of which have
increases the amount of currency per unit of outputl,000-unit bank notes, which now range in value
and thus works to lower velocity. from about $600 to $830. Categorizing some coun-

The second scale term MIOLENT CRIME per tries as “low-denomination” (those in which the
100,000 population. The effects of crime are ambigudargest denomination has relatively low purchasing
ous: On one hand, street crime is likely to reducepower) and others as “high-denomination,” we find
currency holdings (raise velocity) because of fear ofthat significant differences emerge between the two
being robbed; on the other hand, various forms ofgroups in the responsiveness of their currency
criminal activities involve the use of currency. demand functions. For example, for both groups,

e The total estimated number of noncash pay-ncreases in the price level tend to redirect more
Mments,NONCASH PAYMENTS, per capita. Presumably, transactions toward the largest denomination; but, for
other things equal, an economy with a higher level oflow-denomination countries, another effect of infla-
noncash payments will have lower currency holdingstion may be more important: the substitution out of
and higher currency velocities. currency into other means of payment for large-value

* The number of automated teller machingsy,  transactions that would otherwise require an inconve-
per capita. The effect of ATMs is ambiguous. On onenient amount of cash to execute.
hand, more ATMs reduce the cost of obtaining cur- The specification we estimate uses a pooled
rency and thus should lower currency obtained pepanel regression with different slopes for the low-
transaction and overall currency holdings. On thedenomination and high-denomination countries
other hand, lowering the cost of obtaining currency(table B.1). The opportunity-cost elasticities in the
could also make it more convenient relative to othedow-denomination countries are higher (in absolute
transaction media such as credit cards, thus increasalue) than those in the high-denomination countries,
ing overall currency holdings and lowering velocity. perhaps because of the above-mentioned substitution

The last factor we consider accounts for theeffect in low-denomination countries as rising prices
notable differences that exist among countries in the

B.2. Actual real per capita holdings of currency in selected
industrial nations compared with holdings predicted by

B.1. Pooled panel-data regressions for currency velocities pooled panel-data regressions for velocity

) Low-denomination | High-denomination U.S. dollars
Variable countries countries
Country Actual Predicted
NOMINAL RATE ............. 4.47 1.21
3.0) (4) Low-denomination countries
INFLATION RATE ............ 7.52 5.05 ‘713171 g?g
8.9) a4 784 650
RATIO OF REVENUE TO GDP ... -.70 -.81 e pu2g
A o 2,247 2,033
(1) F29) 1,132 924
h 1,108 840
VIOLENT CRIME . ............ :gZ 1.%9 United Kingdom. ........... 462 520
=3 .5 United States .............. 358 340
IORCELDENLENIIINIS 000000007 - 27 0 Jé%O High-denomination countries
(7.2) (5.6) BEIGIUM -+ vvovveernnnnns . 1,178 1,281
-15 ~36 Canada.................... . 618 648
B o000000000000000000000 : i 33 Germany ..........cc...... i 906 1,067
(-1.8) £3.3) Netherlands................ 1,309 1,057
INTERCEPT . ...........o.nns . 1.82 -3.40 S lcoc 00000000000 2,732 2,566
(4-3) (EAL40) Norte. Holdings are averages for 1987-93. Dollar values deflated by the
R2 .o . 78 79 chain-type price index for personal consumption expenditures, 1992 base year.
Number of observations. . . .. 60 34 1. After removal of foreign holdings, which were estimated using midpoint
of overseas stock from the median flow estimate.

Note. Numbers in parentheses drstatistics. 2. After removal of estimated foreign holdings (35 percent of total).
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intensify the inconvenience of their low purchasing The underground economy effecka\f10 OF REVE-
power currency? Except for the effect of crime, NUE To GpP), are similar in magnitude in both types
which is ambiguous, all of the variables appear toof countries and appear to have powerful explanatory
have the expected signs and are generally quiteffects. Theatm results are especially significant in
significant43 the high-denomination countries and indicate that the
convenience effects dominate the transaction-cost
effects. The difference between the intercepts in the
two specifications implies that residents in the high-

42. Usmg a Chow test, We SOlIdly reject the hypotheS|S -that thedenomlnatlon Countrles hold on average about $185
corresponding slope coefficients in the velocity specifications are

equal in the high- and low-denomination countries; the test statisticOre '_n c_urrency than their cpunterpgrts In I_OW'
equaled 5.50, which haspavalue of 0.0001. denomination countries. Excluding foreign holdings

Both opportunity cost variablesNOMINAL RATE and INFLATION from the domestic currency stock of Germany and
RATE) are measured as a gross return so that we treat them symmetr)

s . .
cally and can take logs for the deflation of the price level that occurs{he United States yields }’a|l{es that O_n average 'Fel’ld
in the sample. As a result, the coefficient of the elasticity of realt0 track the currency series in the various countries,

money balances with respect to these opportunity costs measured asgith about 80 percent of the variation in velocity
net return (the more usual way of introducing such variables) will be

x/ (1 +x) times the gross elasticity, whexds a fraction; for example, ©xPlainéd by the specification in both types of coun-
a 5 percent rate would imply that the elasticity on the gross returntries (table B.2).

should be reduced by 0.05/1.05 = 0.0471 to express it as an elasticity In sum the Cross_country dlﬁerences |n Currency
on a net return. ’

43. The crime variable has different signs in the two regressionshommgIS appear to be somewhgt e'Xp“(_:abIe _by the
and is insignificant in either case. The underground economy effectdasic factors we have been considering, including the

(RATIO OF REVENUE TO GDP) are similar in magnitude. We believe on magnitude of the Iargest denomination in which cur-
balance that crime should reduce currency holdings and thus increase

velocity. We find such a result for the high-denomination countries, [€NCY '_S IS_SUEd. To be sure, consideration of such
and it is marginally significant on a one-sided test of statistical denomination effects, as well as of thencasa

significance. o _ o _ PAYMENTs variable, may also embody other aspects
The opportunity-cost elasticities in the high-denomination countries

are not significant, perhaps because of the relatively low number opf the demand for_ currency, such as the reQUIatory
degrees of freedom. environment in which bank notes are handled. O



