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CURRENCY VELOCITY AND CASH PAYMENTS IN THE U.S. ECONOMY:
THE CURRENCY ENIGMA
Edgar L. Feige'!

I. Introduction

In a monetary exchange economy all economic activity can be analyzed from the
dual perspectives of payments and transactions. The equality between the aggregate sum
of transactions and the payments used to effect them is expressed in Fisher’s (1911)
famous equation of exchange which states that MV = PT.

A major achievement of the last half century of macroeconomic analysis has been
the empirical and theoretical elaboration of the transactions side of the equation of
exchange with particular emphasis on the transactions involving expenditures on final
goods and services. The empirical decomposition of the value of transactions (PT) took
two forms. First, (PT) was disaggregated into major categories representing: final
transactions for domestically produced goods and services; intermediate transactions;
transactions in real and financial assets and foreign transactions. Estimates of each of
these transaction categories have been embodied in the complex systems of national
accounts respectively represented by the National Income and Product Accounts; Input-
Output Accounts; Flow of Funds Accounts and Balance of Payments Accounts. Second,
the nominal value of transactions in various sectors of the economy have been
decomposed into price and real components which are universally represented by index
numbers reflecting changes in prices and quantities. We now have a plethora of quantity
weighed price indices and price weighted quantity indices that enable economists to study
both the causes and consequences of changes in nominal and real magnitudes.

A notable oversight of macroeconomics during the last half century has been its
failure to empirically elaborate an analogous framework for the analysis of the payments
(MV) side of economic activity and to link conceptually consistent estimates of total
payments to independent estimates of total transactions.? Despite the wealth of data

1 Professor of Economics, University of Wisconsin-Madison. Research support from the Department of the
Treasury, Bureau of Engraving and Printing is gratefully acknowledged. The author thanks Robert Laurent and
the Board of Governors of the Federal Reserve System for providing data employed in this study.

2 Feige (1979, 1985) developed provisional time series estimates of MV and its components for both the
U.S. and Sweden. Cramer (1980, 1986) has constructed estimates of the total volume of monetary payments
associated with the production of final output by employing data from the transactions side of the equation of
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pertaining to monetary aggregates, there are as yet no reliable estimates of the total
volume of monetary payments.> Payments have not been disaggregated by sector and
little attention has been given to the appropriate decomposition of nominal payment
changes into their constituent components, namely changes in velocity weighted
monetary aggregates and money weighted changes in velocities.*

The asymmetric development between the elaboration of the payments® and
transactions components of the equation of exchange is in large part the result of a long
standing empirical gap in our knowledge concerning the volume of payments undertaken
with currency. The problem of adequately measuring cash payments is due to the
absence of measures of the velocity of currency, alacuna in our knowledge that has
remained essentially unresolved since the issue was posed by Jevons in 1895.

"I have never met with any attempt to determine in any country the average
rapidity of circulation, nor have I been able to think of any means whatever
of approaching the investigation of the problem, except in the inverse way. If
we knew the amount of exchanges effected, and the quantity of currency used,
we might get by division the average number of times the currency is turned

exchange. Cramer’s transactions estimates are not however consistent with estimates of payments by money
stock holders because they include imputations for income in kind and federal government expenditures which
are not included in conventional monetary payment measures. Cramer’s measures also exclude imports which
represent legitimate payments to foreigners. Finally, Cramer’s measures of transactions employ net rather
than the required gross payments of interest and dividends. Corrado and Spindt (1988) adjust Cramer’s
transactions estimates to bring them into closer conformity with a measure of the monetary payments
associated with the production of total output. Corrado and Spindt define T as " a measure of total cash
transactions by money stock holders" (p. 3). The "T" defined by Corrado and Spindt should not be confused
with the T that appears in the conventional equation of exchange. The former includes monetary payments
by money stock holders associated with the production of final output as measured from the transactions side
of the eguation of exchange accounts. It represents total payments for final goods, intermediate goods and
factor payments. The T employed in the equation of exchange is a much broader concept, including all

payments by money stock holders associated with transfers of existing real assets and transfers of existing
and newlv created financial assets and liabilities.

3 The Federal Reserve does collect debit statistics on demand deposits which reflect check payments by
deposit ownership catagories which include households, nonfinancial business and state and local governments.
To date, there are however no time series estimates of currency payments.

4 Provisional attempts to obtain index number estimates of the money stock and velocity have been
undertaken by Feige (1985) and Spindt (1985).

3 The final media of exchange are currency (C) and checkable deposits (D). Aggregate payments
effected by the final media of exchange are composed of cash payments (C V) and check payments (D V),
where V. and V, respectively represent the "payments velocity” of currency and demand deposits. Check
payments by money holder categories are reasonably well documented by statistics on debits to demand deposit
accounts but the volume of cash payments requires knowledge of the velocity of currency.



over; but.. the data are quite wanting"®

The importance of estimating the velocity of currency was clearly recognized by
Fisher in the early part of the century.” Fisher argued that:

"The importance of such accurate determinations (of the velocity of currency) can scarcely be
overestimated.. When we know statistically the velocity of circulation of money we shall be in a
position to study inductively the "quantity theory" of money, to discover the significance of that
velocity in reference to crises, accumulations of wealth, density of population, rapid transit and
communication, as well as many other conditions. In fact a new realm in monetary statistics will
have been opened". (p. 618)

Yet, despite Fisher’s claims for the theoretical and empirical importance of the
payment velocity of currency, and his early efforts to devise a method for calculating
currency velocity, little further attention was given to the problem for almost sixty
years.®

The intervening years did, however, produce a plethora of studies® of "income
velocity," often in the guise of studies of the demand for money. But, what is
commonly known as "income velocity," namely, the ratio of observed income to the
money stock, is neither a correct measure of the number of times money is turned over
in the process of producing final goods and services,!® nor is it a useful theoretical
construct for predicting the consequences of changes in the money supply on economic
activity. What is remarkable, is the tenacity with which economists continue to cling to
the "income velocity" concept despite Keynes’ own warning that income velocity is "a
hybrid conception having no particular significance"!! whose use, "has led to nothing

6 Jevons, W. S. (1875) quoted in Selden, R. (1956).
7 Fisher, 1. (1909); (1911).

8 An important exception is a Ph.D dissertation by R. Laurent (1970). Laurent employed an income
version Fisher’s equation of exchange to estimate currency velocity. More recently, Cramer (1980) and
Spindt (1985) employed crude versions of Fisher’s procedure to obtain an estimate of currency velocity. The
shortcomings of this approach are discussed in the following section.

9 See Selden (1956) ibid. for an excellent review.

10 payments associated with the production of final goods and services must include not only payments
for final expenditures on goods and services but also factor payments and intermediate payments associated
with production. Money stock measures exclude federal government money holdings yet GNP measures include
federal government expenditures on final goods and services.

11 Keynes, J. M. (1930) p.24



but confusion."1?

What is needed is a method for directly estimating the payments velocity of the
exchange medium without employing the equation of exchange.!* Rather than estimate
velocity indirectly as a ratio of some transaction aggregate to the money supply,l4 we
require independent estimates of the turnover of each component of the medium of
exchange in order to measure the work money does in the economy to effect payments.
The velocity of money would then no longer be a residual measure derived from an
income variant of the equation of exchange, but would be directly estimated from
observable data pertaining to the turnover of checkable deposits and currency. Such
independent estimates of payments velocity would regain a crucial degree of freedom now
lost by employing the equation to define velocity. This would free the equation of
exchange to perform the functions of an accounting identity and an equilibrium condition
on payments and transactions.

Used as a high level accounting identity, the equation of exchange could be used to
develop an aggregate accounting system in which independent estimates of the total
volume of payments by money holders could be used as a reliability check on all existing
macroeconomic accounting systems based on indirect estimates of aggregate
transactions.’® In an age of electronic payments systems, monetary payments could be
monitored in real time, permitting high frequency reliable observations of all real and
financial economic activity.’6 In principle, it should be possible to develop a real time

12 Keynes, J. M. (1936) p.299

13 Income velocity as conventionally defined is in fact the product of payments velocity and the ratio of
final goods and service transactions to total transactions.

14 Employing the equation of exchange to define velocity is to sacrifice a crucial degree of freedom.
When velocity is so defined, the equation of exchange is deprived of its usefulness as either an accounting
identity or as an equilibrium condition.

15 Total transactions, would comprise the sum of payments for final goods and services, factor payments
(GNP + NI) intermediate transactions, (IO accounts) foreign current and capital account transactions, (Balance
of Payments Accounts) and gross payments for real and financial assets (A modified Flow of Funds Account)
plus other transfer payments. These transactions based accounting systems suffer from a variety of problems.
Their accuracy is impaired because of their heavy reliance on survey data that suffer from non response and
self selection biases, benchmarks and an increasing amount of imputation. Transaction based data are
typically low frequency observations that require repeated revision.

16 This would require the disaggregation of debits by type of payment. One possible approach would be
to identify both payor and payee by SIC codes which can be derived from account identification numbers that
are already required by law. Aggregate payments to different SIC classes could be accumulated in electronic
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GNP clock from the payments side of the equation of exchange. In short, the equation
of exchange could serve as an accounting identity in much the same way as we now
employ the income-expenditure identity as a check on the reliability of the two methods
for obtaining NIPA estimates of GNP.

Furthermore, independent measures of the turnover of each medium of exchange
would permit the construction of more meaningful definitions of "the money supply" and
"the average velocity of money". These new definitions would be constructed as index
numbers involving turnover weighted money aggregates and money weighted turnover
rates respectively. Money aggregates would be weighted by the intensity of money use
just as money use would be weighted by the alternative media of exchange. These
indices would finally produce conceptual symmetry between payments and transactions
analysis, suggesting new possibilities for the long sought after integration of monetary
and value theory. Just as all transactions are represented as the product of a price
index and a real quantity index, payments would be analogously represented as the
product of a money index and a velocity index. None of these extensions can be
undertaken without independent estimates of currency velocity and hence of cash
payments. Finally, estimates of total monetary payments could be used as the
appropriate transactions variable in money demand functions that currently employ income
as the scale variable.!”

Interest in estimating the volume of cash payments goes beyond their usefulness in
exploiting the implications of the equation of exchange. The past decade has witnessed
considerable concern about the existence of a large and growing "underground economy"
manifested by under reporting of income on tax returns.’® Currency is viewed as the
preferred means of payment for tax evasion and illicit activities. Cash payments rarely

data collection bins appended to the normal clearing mechanism. The moment an individual payment was
routed to its appropriate data bin, individual account identification would be obliterated in order to maintain
the strict confidentiality of the payment mechanism.

17 Most money demand functions implicitly assume a time invariant proportional relationship between
income and total transactions as the justification for employing income as the scale variable. Since there are
as yet no consistent estimates of the total volume of gross transactions (PT), independent estimates of (MV)
can be used as a proxy for (PT) in order to permit an explicit examination of the reasonableness of the
assumed proportionality between income and total transactions. A recent study (Dotsey, 1988) of the demand
function for currency reports that "GNP is likely to be a poor proxy for the value of expenditures” and that,
"The poor performance of GNP casts doubts on the empirical procedures used in a number of studies that
employ GNP" (p. 23).

18 According to the Internal Revenue Service (1983) some $580 billion of income is not properly reported
on Federal Income Tax returns. See Feige (1989a).
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leave an audit trail, giving currency a unique advantage over check payments as a
means of avoiding detection. Unreported taxable income reduces tax revenues and thus
magnifies the problem of budget deficits. Moreover, since tax information is widely
used as a data source in the construction of National Income and Product Account
(NIPA) statistics, the growth of unreported income has the insidious effect of corrupting
the reliability of the primary data used for most macroeconomic analysis.!

Interest in cash payments is also motivated by the failure of widespread predictions
concerning the coming of the "cashless society”. Per capita currency holdings in the
U.S. are now approximately $1000 and one hundred dollar denomination bills make up 45%
of the value of the nation’s currency supply. Moreover, contrary to most expectations,
the stock of U.S. currency has grown dramatically. Yet recent Federal Reserve surveys?
of currency usage by American households suggest that adult U.S. residents hold only
10-12% of the nation’s stock of currency in circulation outside of banks. AIlowing for
U.S. business holdings of currency, the whereabouts of perhaps as much as 80% of the
nation’s currency supply is presently unknown. These findings have given rise to what is
known the problem of "missing currency".

Finding an adequate solution to the empirical problem of estimating currency
velocity is an therefore an important first step in addressing a number of substantive
problems in monetary economics and public finance. Independent estimates of currency
velocity are required in order to estimate index number measures of monetary aggregates
and velocity aggregates and to estimate total cash payments and hence, of total monetary
payments. Independent estimates of total payments in turn permit the empirical and
conceptual elaboration of the equation of exchange in a manner analogous to that found
so fruitful for the income-expenditure equation and allows the re-estimation of money
demand functions with an appropriate transactions scale variable. Estimates of total
currency payments are also useful as a measure of "underground economic activity" and
can be used to analyze the implications of "missing currency" as well as the reliability of
present NIPA estimates of income and expenditures.

In light of the aforementioned importance of currency velocity and cash payments
for a number of macroeconomic issues, this paper seeks to evaluate earlier methods for

19 RS estimates of unreported income have necessitated a major, yet largely unnoticed revision of NIPA
accounts. For the year 1984, estimates of National Income included a total adjustment of $147 billion to
reflect the effect of misreporting on income tax returns. [Survey of Current Business, December, 1985, Table
4].

20 Federal Reserve Bulletin, (1986) and (1987)
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obtaining estimates of currency velocity and cash payments and develops new estimates
based on alternative procedures. The paper begins with an institutional description of
the environment that determines the provision, maintenance and use of paper currency
in the U.S. The specific goal of the paper to is to develop a framework for the analysis
of currency transactions that permits estimation of the following particular aspects of
the currency circulation system:

1) The average lifetimes of specific currency denominations.

2) The total numbcr of lifetime turnovers that currency notes can sustain.

3) The velocities of specific denominations of currency.

4) Changes in the quality of the outstanding supply of currency.

5) The volume of cash payments effected by each currency denomination.

Section II briefly describes the institutional setting of the currency circulation
system. Section III reviews and evaluates earlier attempts to estimate currency velocity.

Sections I'V and V use a simple payments model to estimate denomination specific

average lifetimes of currency, average turnover and average holding periods for
currency. Section VI and VII develops comparable estimates based on a less restrictive
demographic model of the currency "population” and presents empirical estimates of
currency velocity. The final section presents estimates of cash payments made with U.S.
currency for the period 1941 - 1985 and the implications of these estimates. The
estimated volume of cash payments is so large that it gives rise to what we refer to as
the "currency enigma", namely the problems of (1) "missing currency™; (2) missing
payments" and (3) "missing income and expenditures".

I1. Overview of the Operation of the Currency Circulation System

The supply of currency is ultimately determined by the public’s demand for
currency. The responsibility for providing the nation’s currency supply rests jointly with
the U.S. Treasury Department’s Bureau of Engraving and Printing [BEP] and the Federal
Reserve System [FED]. The BEP designs and prints the currency and therefore
establishes the physical specifications that determine currency durability?? The FED
issues currency into circulation and also has the responsibility of maintaining the quality
of the circulating stock currency by examining notes that are received from circulation
in order to determine their fitness for recirculation. When notes are determined to be

21 Currency includes both coins and paper notes. Since the primary focus of this research is on
circulating paper currency, the term currency is here used to denote paper currency of denominations $1; $5;
$10; $20; $50 and $100.
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unfit for recirculation, they are redeemed and destroyed.?? Given the physical
specifications of currency design and the Federal Reserve’s standards for the maintenance
of currency quality, the rate of currency redemption will approximately reflect the
intensity of currency usage. Data on the rates of currency redemptions can therefore be
employed to obtain estimates of currency usage.

IIL. Earlier Efforts to Estimate Cash Payments
A. Fisher Cash Loop Method:

At the beginning of the century, Irving Fisher (1909) devised a primitive
approximation for estimating the velocity of cash payments. Fisher constructed a model
of cash flows that described the various types of currency exchanges that take place
between the time individuals initially withdraw cash from the banking system and
subsequently redeposit it. Sectoring his hypothetical economy into firms, individual
depositors and non depositors, Fisher examined all possible cash exchanges between the
three sectors, and then derived an expression for the value of cash payments made to
acquire goods and services.

Fisher assumed that individuals exclusively acquire cash by withdrawing it from
banks.Z Given information on the value of total withdrawals [»], and an estimate of
the number of payments that occurred between cash withdrawals and subsequent
redeposits (the "cash loop" [A]), the value of cash payments is simply:

1) C.Ve=6 .2

where:
C represents the stock of currency in circulation;
Vc represents the average velocity of currency;
w represents cash withdrawals from the banking system;
A represents the "cash loop".

Fisher’s model specification was conditioned by the institutional structure of the

22 The Annual Report of the Federal Reserve System (1987) indicates that management of the currency
circulation system absorbs in excess of 25% of the Federal Reserve’s net expenses.

2 A model of currency payments that includes real and financial assets other than "money" would also
permit the acquisition of cash from sales of real and financial assets. Such "sales" would of course include
cash withdrawals from time and savings deposits.
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payments mechanism as it functioned during the early years of the 20th century. The
approximate formula he derived for the "total circulation of cash in exchange for goods"
equaled the total amount of cash deposited in banks plus total wages paid. Given this
estimate of cash payments and information on the stock of currency outstanding, Fisher
estimated that the average velocity of currency was approximately 18 turnovers per year,
implying an average holding period between cash exchanges of about three weeks, and a
"cash loop" [A] approximately equal to 1.6.

B.) Cramer and Spindt’s Applications of the Cash Loop Method.

Cramer’s (1980; 1986) heroic initial efforts to estimate the volume of monetary
payments in the U.S employed a variant of Fisher’s "cash loop" method to estimate the
velocity of currency for the United States. The Fisher method requires both an estimate
of the loop length and an estimate of annual cash withdrawals. Cramer (1980) recognized
that, "as for the loop length, there is no conceivable method of establishing it
empirically, and it must be guessed from casual observation.”( p.18) Cramer’s "guess" was
that the loop length for the U.S. was approximately equal to two. His estimate of the
annual cash withdrawals at banks was based on a 1961-1962 survey by the Federal
Reserve Bank of Boston (1963) that estimated that during the survey period, cash receipts
at banks amounted to approximately 7.5% of total receipts. By further disregarding
changes in the stocks of currency and demand deposits, Cramer calculated that cash
withdrawals in 1961 () were approximately 7.5% of total withdrawals.?* Given the ratio
of debits to deposits, Cramer concluded that cash withdrawals "must have stood at 2
times average balances. (p.18) " By substituting this estimate into Equation (1), Cramer
derived an estimate of Vc for the year 1962 as:

1a) Vc = 4*D/C = 16

In order to derive a time series of cash payments, Cramer simply assumed that V¢
was constant over time, "set by the physical limits to the speed of currency circulation."”
(p-20). Cramer candidly admitted that, "This is a major assumption, weakly founded, but
frankly it is hard to think of something better."(p.20)

Spindt (1985) also required a time series estimate of currency velocity in order to

24 If § = debits to demand deposits, then Cramer found that: w/(w+§) =.075 so that, w = .0696. By
dividing both sides of the foregoing equation by demand deposits and noting that (8/D) = 26, Cramer
concluded that the ratio of withdrawals to deposits (w/D) = 1.8 = 2.
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construct a monetary aggregate index which he wished to test against conventional
money stock aggregates. Spindt, attempted to apply Cramer’s procedure which he
described as follows:

"Data on cash withdrawals could presumably be collected from bank’s books, but these data are not
regularly collected and published along with monetary statistics. Data on the average length of the
cash loop are more difficult to obtain. We do, however, have some useful information. Citing bits
of survey evidence, Cramer (1980) estimates annual cash withdrawals at banks to be about four
times demand deposit balances, and the average length of the cash loop to be two payments.

These numbers imply a monthly turnover rate for currency equal to 2/3 times the ratio of demand
balances to the currency stock. " (p. 182)

Spindt’s resulting equation for the annual velocity of currency is then:
1b) Ve = 8*D/C

Since all of the tests employed by Spindt to examine the usefulness of his monetary
aggregate index are conditional on the accuracy of his time series estimate of currency
velocity, it is important to reexamine his procedure for estimating currency velocity in
greater detail. The procedure suffers from several deficiencies. First, Spindt misquotes
Cramer and erroneously sets cash withdrawals at four times deposit balances rather than
the two times deposit balances derived by Cramer for 1962. This error implies that
Spindt’s estimated level of currency velocity is overestimated by 100%. Moreover,
Spindt’s procedure implicitly assumes that the single survey value uncovered by Cramer
for 1962 can be assumed constant over time 5o as to permit estimates of the velocity of
currency during the 1970’s and 1980’s. Finally, Spindt’s procedure requires an assumed
value of the loop length of two for which there is no independent empirical justification.
For the mid 1980’s, Spindt’s reported equation yields an estimate of currency velocity of
approximately twenty turnovers per year. Had Spindt correctly followed Cramer’s
procedure, his estimate would have been ten annual turnovers. This figure should be
compared to the recent Federal Reserve Board’s (1986) survey estimate of currency
velocity which is approximately fifty turnovers per year.

In light of the obvious shortcomings of the aforementioned efforts to empirically
implement Fisher’s cash loop method for estimating currency velocity, we now turn to an
alternative procedure suggested by Laurent (1970).

C. The Simple Payments Model
Laurent (1970), apparently unaware of Fisher’s earlier work, examined the issue of
currency payments, and established the rudiments of an alternative method for
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estimating currency transfers. Laurent specified a model in which the cumulative number
of transfers T*j(t) performed by notes of the ith denomination by time (t) is;

t t
2) T*;(t) =G {f R"; (s) ds + _f { I";(s) - R";(s) ) 7;(s) ds}
0 )

where G represents the total number of turnovers that a note can sustain during its
lifetime before being regarded as sufficiently soiled to be withdrawn from circulation;
R (s) and IMj(s) are respectively, the number of notes of the ith denomination
redeemed and issued, and v;(s) is the average fraction of total lifetime transfers
performed by notes still outstanding at time (s). The first term on the right hand side

of equation (2) is the cumulative number of cash transfers undertaken by all notes
redeemed up to time (s) and the second term represents the cumulative number of
transfers performed by time (s) of all notes still outstanding at time (s). For the

simplest case, Laurent assumed that the average note outstanding had performed half of
its lifetime transfers so that vj =.5. Under this assumption, equation (2) simplifies to:

3) T*;(t) = .5 G {ftR"i(s) ds +J’t In; (s) ds}
0 0

The change in the cumulative number of transfers from one year to the next
represents the total number of transfers [Tj (t)] of the ith denomination undertaken
during the year (t). Therefore,

4) Ti() = SG{ R (1) + I (1) }

Laurent proceeded to estimate the total value of currency payments, [C(t) . V,(1)]
in terms of the unknown parameter G as;

5)C(t) . V() = Y Tj(t).Dj
=G.Y.5{[R;(t) +I7;(1)].Dj}
= G. U(1)
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where Dj denotes the denomination value of the ith denomination and the summation is
over all denominations i = 1, 5, 10, 20, 50, 100. Vc(t) denotes the number of times the
currency stock turns over during the year (t).

Given data on currency issues and redemptions, one can estimate [U(t)] and obtain
estimates of total cash payments in terms of the unknown parameter G. These estimates
are displayed in Figure 1 for the period 1870 to 1986. Figure 1 reveals that the
estimated volume of currency payments grew dramatically since the mid 1960’s. Figure 2
displays the ratio of cash payments in terms of G to total check payments as measured
by an estimate of debits to all checkable accounts.” Despite the substantial increase in
estimated cash payments during the past twenty years, the ratio of cash payments to
check payments declined during most of this period but appears to have leveled off
during the 1980’s.

Since G is unobserved, Laurent attempted to obtain an estimate of G by employing

Fisher’s equation of exchange,®

6) C(t) « Va(t) =+ Dglt) &« Va(t) = [PTI(EY,

namely, that the sum of currency payments [C(t).V(t)] and check payments [Dy(t).V4(t)]
must equal total transactions [PT](t). Since the total volume of transactions [PT] is also
unobserved, Laurent assumed that:

[PT] (L)

7 [pyliek &= "0 °

where:
D, = Checkable deposits.
V4= Velocity of checkable deposits.
PT= Value of total transactions.

25 The series on debits is obtained by splicing overlapping series for turnover of demand deposits for
non financial centers. By focusing on turnover in non financial centers, the computed series partially
eliminates the effect of changes in large financial transactions. The final debits series is obtained by
multiplying the derived turnover series by demand deposits and adding debits to other checkable deposits.

26 1n principle, G could be empirically estimated from well designed engineering study that tracked note
exchanges in a controlled environment that simulated real world conditions.
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py = Value of current income or product [GNP).

k, =Constant.

Employing assumption (7) Laurent substituted nominal income as a proxy for total
transactions in the equation of exchange (6). Combining equations (5), (6) and (7)
yields:

8)py=¢,.[UW] + ¢, [D(t).Vd(D)],

where 6, = G/k, and 6, =1/k,. Equation (8) can be estimated by least squares
regression to yield estimates of (1/k,) and hence of G.

Instead of estimating equation (8) by least squares methods, Laurent chose the
analyze equation (9):

9) py =8 . [(U(t) + D(t) . Vd(t)],

Laurent selected that value of ¢ that maximized the correlation between the two
sides of equation (9). He found that a value of ¢ = 129 maximized the correlation. He
then incorrectly interpreted the estimate of ¢ as being an estimate of G.27 The only
condition under which ¢ = G is that k,, = 1.

As an alternative to Laurent’s correlation procedure, equation (8) was estimated for
the period 1891 - 1984. The resulting estimate of G was 87.1.28

Laurent’s procedure for estimating G is questionable on both conceptual and
empirical grounds. He incorrectly identified his estimate of ¢ as being an estimate of G,
and he imposed the assumption (7) of a constant ratio of total transaction to income.

The foregoing estimate of G employing equation (8) eliminates the first error, but even

27 Laurent’s correlation analysis examined alternative values of § ranging from 0-. The reported
correlation coefficients (p.38) reveal that for # = 25 the correlation coefficient was .993398 and for 6 = 400 it
was .989662. The results indicate that Laurent was unable to obtain a robust value of 6.

28 Equation (8) was first differenced and estimated with a first order ARMA process. The resulting
estimated values of ¢, and 6, were 3.03 and .035 respectively. Dotsey (1988:p.27) employs the Laurent method
and obtains a value of 85 for G.
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this result is still conditioned by the questionable reliability of assumption (7).

IV, Extensions of the Simple Payments Model

Despite the limitations of Laurent’s empirical analysis, his innovative conceptual
framework for analyzing currency payments can be elaborated and combined with new
survey information on cash usage habits of American households obtained by the Federal
Reserve Board. The Federal Reserve Board’s survey of currency usage in the U,S.30
provides the first independent point estimate of the average velocity of currency. The
survey found that the average turnover of currency for product expenditures in 1984 was
approximately 50 turnovers per year and 55 turnovers per year for total currency
expenditures. Since the Federal Reserve survey was specifically designed to obtain an
estimate of currency velocity, its findings can be used to obtain alternative estimates of
the total number of lifetime transactions [G] that notes of various denominations can
sustain before being judged unfit for further circulation.

The simple currency payments model assumes that notes are printed by the Bureau
of Engraving and Printing and subsequently issued by Federal Reserve Banks. Firms and
individuals withdraw currency from banks to effect payments. Note recipients eventually
redeposit the currency in financial institutions, which in turn, send notes to Federal
Reserve Banks. Federal Reserve Banks, charged with the responsibility for maintaining
the fitness standard of the outstanding currency supply, sort notes received from
circulation and determine which notes are fit for recirculation and which notes require
redemption (R). The redeemed notes are those, that upon inspection, are found to be
sufficiently worn to warrant destruction. For given fitness standards and physical
characteristics of currency notes, [Gj(t)] represents the total number of lifetime

2% The assumption of proportionality between transactions and income has been implicitly and explicitly
utilized in monetary economics for more than half a century, and was rarely questioned prior to its use as a
key assumption in the "transactions” method for estimating the size and growth of unrecorded and unreported
income. Indeed, the assumption plays an important role in most studies of the demand for money that
employ income rather than transactions as the scale variable in the money demand function. The past decade
has witnessed an unprecedented degree of financial innovation that may have significantly raised the ratio of
transactions to income. Due to the paucity of data on gross financial flows for most nations, it is currently
difficult to determine the extent to which the ratio has risen as a result of the understatement of income
resulting from growth in the "underground economy" or as the result of a vigorous increase in gross financial
transactions. Regardless of how that issue is finally resolved, one is left with the uncomfortable conclusion
that (7) is a tenuous assumption for inference in monetary economics. Unfortunately, abandoning this
assumption calls into question much of the empirical literature on the demand for money that relies on the
assumed proportionality to permit the substitution of income for transactions in the money demand function.

30" Avery et. al. (1986); Avery et.al. (1987).
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turnovers®! effected by notes of the ith denomination before their destruction. The
number of cumulative turnovers [T* j ()] performed by notes of denomination (i) by period
(t) is shown in equation (2).

The number of turnovers per year [Tj(t)] is then,

d o t
10) T; (£) = L {Gi (t) . {{R”i(s) ds +_£ { I (8) = R (80} . 95 (&) ds}}

Following Laurent in assuming that the average note in circulation has performed
one half of its total lifetime turnovers, differentiation with respect to t and division by
the number of notes yields the average yearly turnovers per note Z; (t):

OB LeY o TRNMLE) + TP ) ] +gJ—E%§ » Tyih)
CR; ()

11) Z;(t) =

where C{ (t) represents the number of notes of the ith denomination in circulation at
time t.

If G (t) remains constant over time, the final term of the expression is zero, and
we derive the denomination specific average turnover per note [Z; (t)] as,

12) Zi(t) = Gi(t) / Li()

were [Lj (t)] denotes the average lifetime of a note. Under the foregoing assumptions,
the average lifetime of a note [L; (t)] is,

3 G; (1) can be viewed as the mean of the distribution of lifetime payments.





















































































































