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Abstract

Electronic payments in the United States, especially by debit card, have experienced phe-
nomenal growth during the past few years. At the same time, estimates from three surveys of
depository institutions suggest that the number of checks, long the dominant noncash payment
method, reached a peak during the mid 1990’s. In fact, the annual number of noncash elec-
tronic payments may now exceed the number of checks. The processing cost of an electronic
payment is often less than that of processing a paper check. Reluctance on the part of some
consumers and businesses to replace checks with electronic payments, however, make the fu-
ture rate of decline in check writing uncertain. Despite the continued evolution of institutions
and technology favoring electronics, sunk capacity for paper check clearing may delay efforts
to implement electronic check clearing. Scale and network economies make the timing of in-
vestments in electronic processing important. This paper provides estimates for the number and
value of checks paid from 1979 to 2000, and explores trends and cross-sectional differences
in the use of checks in the United States. Data from the surveys and other sources support the
view that consumers and businesses have been replacing payments traditionally made by paper

checks. Future surveys are important for gauging the pace of change in payments.
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1 Introduction

Over the past several decades, many countries have seen the introduction of new electronic pay-
ment instruments. In the United States, as with other countries, the means for making electronic
payments has become increasingly available for use in everyday commerce. Further, the adapta-
tion of technology has driven down the costs of processing electronic payments relative to check
payments. Rates of growth have been significant since the introduction of every major electronic
payment instrument. Nevertheless, at the beginning of the new millennium the paper check contin-
ued to be the most commonly used type of noncash payment instrument in the U.S. economy. High
growth rates on a small base have not necessarily represented major shifts toward retail electronic
payments (credit card, debit card, automated clearinghouse (ACH)). But increases in electronic
payments reported by major payments networks now suggest that the absolute number of retail
electronic payments initiated in the United States has now become substantial.

Current trends suggest that electronic payments as a group may have, by number, more recently
begun to exhibit a larger share of noncash payments than checks. Furthermore, the number of
checks being written has most likely begun to decline. Thus, growth in retail electronic payments
may have begun to replace some payments formerly made by check.! The value of check payments,
however, likely continues to be much larger than the value of retail electronic payments, and is
second only to the value of payments on electronic large-value funds transfer systems which have,
by value, have exceeded the value of checks for many years. (While small in number, the average
value of large-value funds transfers is huge. These funds transfers are dominated by settlements
for wholesale financial market transactions.)

Accurate estimates of the number and value of payments and the relative use of different pay-
ment instruments are necessary to gauge the cost-effectiveness of the payments system. As many
have pointed out, the average cost of processing a paper check is large relative to the average cost
of its electronic counterparts (Wells, 1996). Given that, as shown below, over 70 billion non-
cash payments are processed each year, even small savings on a per-payment basis can add up to
a considerable share of economic activity. In cases where electronic payments are satisfactory
substitutes for checks, a redirection of resources being used to process checks to other activities
improves social welfare.

Banking organizations, correspondent banks, check clearinghouses, and the Federal Reserve
Banks have large investments in infrastructure devoted to paper check processing. For their part,
businesses and consumers that write checks and receive payments by check have varying levels of

investment in technology connected with using them. While the trend toward the use of electronic

' Difficulties in measuring the number of payments made by cash do not currently allow an estimate of any replace-
ment of cash payments with electronic payments.



payments is significant, in many cases paper checks may, in the short run, continue to provide
more cost-effective means of making some payments simply because investments have already
been made to physically clear the paper, and paper-based, for some checks, is literally cheaper.
In addition, where electronic payments are imperfect substitutes for checks, costs in the form of
disutility or other expenditures outside the payments system may make paper checks more efficient
for some needs. Where paper checks are preferred for these reasons, taking the paper out of the
clearing process may result in lower social cost than attempts to change business or household
behavior.

Even when people choose which payment instrument to use based on individually rational cost-
benefit analyses, choices may affect the costs experienced by other payments system users. Scale
and network economies may have large effects on the relative costs of using and processing com-
peting instruments. At times like the present, when the payments system appears to be undergoing
substantial transition in the way that payments are being made, good business and public policy
decisions need to be informed by data on the speed and character of that transition. This paper
describes data that can help reveal how checks are actually being used, and relating that to the use
of electronic payments and other socioeconomic data. While an earlier article (Gerdes and Walton
II, 2002) provided many of the results and discussion provided in this paper at a high level, the
present paper provides a fuller discussion of the methods used for estimation, sensitivity analysis,
and more analysis of the finding from the surveys.

The collection of data on electronic payments is straightforward because the processing of
electronic payments is largely centralized. Thus, though some measurement problems do exist,
historical estimates of electronic payment activity have been reasonably accurate. The check-
clearing system, in contrast, is far less centralized than the electronic payments processing system,
and data are correspondingly difficult to collect. Although the number and value of checks cleared
through and collected by the Reserve Banks each year are known, the number and value of checks
presented directly or through other intermediaries are not routinely reported to any statistical au-
thority. Further, such data are not included in reports filed by depository institutions (DIs), they
must be estimated on the basis of voluntary surveys. To increase the accuracy of the estimates at
reasonable cost, appropriate survey design and statistical estimation techniques must be employed.

For many years, the only published survey-based estimate of the number and value of checks
paid was for 1979, when the Federal Reserve Bank of Atlanta collected data on checks for an
analysis of the check-clearing system (4 Quantitative Description of the Check Collection System,
1980). To provide more recent data on the use of checks and other noncash payment instruments in
the United States, in 2001 the Federal Reserve sponsored three related surveys collectively referred
to as the Retail Payments Research Project (Retail Payments Research Project:A Snapshot of the
U.S. Payments Landscape, 2002). The survey data were used to estimate the number and value of
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Figure 1: Billions of noncash payments in the United States, selected years. The number of checks
paid in 2002 is not displayed because it is unknown.

payments made in 2000 using checks and several types of electronic payment instruments as well
as to study the characteristics of individual checks paid in 2000. That report demonstrated that
industry projections for the number of checks paid were over 50 percent larger in the latter part of
the 1990’s than implied by the estimated number of checks from the survey data.

In addition, the Federal Reserve Board surveyed depository institutions on checks in 1995
for a report to the Congress on funds availability and check fraud (Report to Congress on Funds
Availability Schedules and Check Fraud at Depository Institutions, 1996). While no estimate of
the number of checks paid was reported at the time, the present paper describes the more recent
effort to use data from that survey to estimate the total number of checks for 1995.

Along with the 1979 estimate, the 1995 and 2001 data reveal the likely transition from mostly
paper to mostly electronic noncash payments in the United States during the last two decades of
the prior millennium and the first few years of the present one. Taken together, the data show that
an estimated 32.8 billion checks were paid in the United States in 1979, 49.5 billion in 1995, and
42.5 billion in 2000. The exact year in which check use peaked is unknown, but it appears that
the number of checks paid began to decline sometime in the mid-1990s. At the same time, the
number of electronic payments has been increasing at an increasing rate. (See Figure 1.)

Electronic payments likely grew by more than 13 billion per year from 2000 through 2002,



suggesting that the number of electronic payments likely now exceeds 40 billion. While no data
sufficient to estimate the total number of checks in 2002 exist, projections based on the implied
trend in the number of checks between 1995 and 2000 (3 percent annual decline), suggest that the
number of checks could have dropped below 40 billion in 2002. Thus, it appears highly probable
that the number of electronic payments may have overtaken the number of checks, in part by
replacing some payments formerly made by check.

The check payments most easily replaced with or most likely to benefit from replacement by
electronic payments probably would have been replaced early on. Certain payment transactions
in which checks are still used, on the other hand, may be difficult to complete with electronic
payments in their current form. But scale and network economies in electronic payments should
continue to increase the cost of checks relative to electronic payments, and businesses and con-
sumers are likely to become more comfortable with them, increasing the likelihood that at least
some remaining check payments will be replaced sometime in the near future. Furthermore, with
the passing of legislation reducing barriers to the clearing of checks by electronic means, at some
point in the future remaining checks will will be cleared in large numbers as de facto electronic
payments.” In this changing environment, substantial costs might be incurred by depository insti-
tutions that move too quickly or too slowly in adapting their check infrastructure to accomodate
new processing methods. As a result, businesses in the payments industry must pay careful atten-
tion to trends.

The remainder of the paper is organized as follows. Section 2 describes the methods used
to sample and estimate the number and value of checks for 2000 and 1995. Section 3 provides
some details on the estimation findings. Section 4 discusses the trends in check use implied by
the estimates in the context of the socioeconomic environment. Section 5 concludes and discusses

future directions for research.

2 Sampling and Estimation Methods

2.1 Overview

Whether checks are written on traditional checking accounts provided by depository institutions,
on accounts provided at brokerages or other nondepository institutions, or are in the form of money
orders, cashiers checks, rebate checks, or travelers checks, they are paid on transaction deposits
held by depository institutions. Checks are paid by several types of DI—commercial banks, credit
unions, savings institutions, and U.S. branches of foreign banks. To obtain payment for a check,

the depository institution where the check is first deposited, usually the payee’s DI, must present it

2See the Board’s public web site http://www.federalreserve.gov/paymentsystems/truncation/default.htm



to the paying depository institution. Presentment commonly requires that the check be physically
delivered to the paying bank to receive payment (though presentment can be made electronically
if the paying bank agrees). Presentment can be done directly or through an intermediary such as a
correspondent bank, a clearinghouse, or a Federal Reserve Bank.

The population of federally-insured depository institutions is tracked at the charter level and
holding company level by the Federal Reserve Board and other regulators. While some DIs, such
as certain very small credit unions, are not federally-insured, the number of checks paid by such
institutions is very small. Thus, an estimate for the total checks paid by the population of federally
insured DIs, for all practical purposes, captures all checks paid in the United States.

Because of differing characteristics and reporting requirements, the population of depository
institutions was divided into commercial banks, credit unions, and savings institutions for sam-
pling and estimation. Federally-insured depository institutions report balance sheet and income
statement and other regulatory information at the charter level on a periodic basis. Commercial
banks and savings institutions report data quarterly, while, until recently, credit unions were only
required to report information every two quarters (June and December).

Commercial banks and savings institution charters are often controlled by holding companies.
The check operations of holding companies that own several charters are generally conducted
without special attention to the charter boundaries within the organization. For this reason, in
the 2001 survey, multiple depository institutions owned by a holding company were treated as a
single unit, and charter-level data was appropriately aggregated. As a result, the populations for
commercial banks and savings institutions were a mix of holding companies and single charter
institutions. (Like the 1979 study, the survey from 1995 did not aggregate holding companies into
single entities. As explained below, the estimation procedure for that year was adjusted to account
for this difference. While the different approach along with the number of entities that responded
affected the precision of the estimates, the difference likely does not affect the comparability of the

estimates.)

2.2 Estimation

The linear techniques of estimation used in this paper are standard and well known among survey
statisticians. Economists and econometricians typically do not have a background in that litera-
ture. Thus, it is useful to provide some theoretical background in the estimation techniques.> A
nonparametric technique for estimating a total for a population from a sample that does not appear

to have been undertaken elsewhere in the literature is also introduced.

3For a thorough discussion of linear sampling and estimation techniques, see one of the standard textbooks such as
Cochran (1977).



Let P be the population of DIs, and let S' be the set of DIs that responded to the survey. The
primary goal of the study is to use the number of checks y, reported by sampled DI s (where s € .5)
to estimate the total number of checks paid by all DIs (y, where p € P). Note that the sample is a
subset of the population, i.e. S C P.

A general model for estimating the number of checks ¥ for the ith DI may be written

yi = m(z)+e (1)
E(yilzi) = m(z)

where z is taken to be an exogenously given variable describing some characteristic correlated with
y, and € is a random error. Generally, z should be some measure of size connected with checks,
such as transaction deposits, total deposits, or assets. (Of the three, however, transaction deposits
are most closely connected to the number and value of checks.)

If iy and z are continuous variables, the (actual but unknown) total number of checks is defined

by

Y = N/oo d (z)m(2)dz, ()
where /Oo d¥(z)dz = 1, 3)

and d”(-) is the probability density of characteristic z for the population of N < oo depository
institutions.

Where diversity exists, it is often helpful for sampling and estimation to group the population
into types with similar characteristics. Under such strategies, estimates of the total number of

checks may be written as

H

Y =N diru, (4)
h=1
H

where cihp =1, (%)
h=1

and where ch is the observed or estimated population density and my, is the estimated expected

value of y for a DI in stratum h.



2.2.1 Approaches to estimation

Based on the general model, there are several possible approaches to estimating the total number
of checks. In general the preferred approach is the one that minimizes the variance of the estimate
without introducing excessive bias. The appropriateness of an approach is also dependent on the
sampling procedure.

Most economists are familiar with variance formulas for infinite populations. In a reasonably
large sample from a finite population of DIs, however, account should be taken of the fact that the
values reported by responding DIs are not estimated by the statistician (or econometrician). In all
of the variance formulas shown below variances are corrected for the fact that the population of
DIs is finite. When an estimate for a finite population is made from a sample, standard practice
is to multiply the variance by the factor (1 — f) where f = n/N is the ratio of the number of
responses in the sample to the number of DIs in the population. The variances so defined accounts
for uncertainty in the estimation of data for nonresponding DIs, but does not attempt to account for

any errors in the data reported by respondents.*

Approach 1: Simple random sampling estimator The first possible approach is to estimate
the sample mean with the population mean. If sampling by strata is ignored, the estimate for the
number of checks is unconditional, i. e. E(y;) = §. In this case m = 7, dP = 1,and H =1 and
the ratio N/n expands the sum of checks from the sample to the population. Thus the equation

for the population total would be specified as follows:

- N

Y = y = —
Ny = Z (6)

es
The variance of this estimate is
- N2(1—

v(Y) = M 52 (7)

n
where s? = L Z — ;)% For the current sample, this approach does not apply because the

response frequency varied with institution size. A variant of this approach which is applicable
because it accounts for a stratified population and independent random sample within strata is to

estimate separate totals for each stratum, where the population mean within strata is estimated with

“The fact that variance estimates cannot account for these types of errors is one reason why the careful design of
surveys and the fastidious collection and editing of data is of paramount importance.



the sample mean (E(y;|i € P,) = y5,). Thus, the population total is,

N H Nh_ a _ il Nh
Y:NZW%:ZN}L%:ZEZ% 3
h=1 h=1 h=1

In this case my = ¥, d = N,,/N and the ratios N}, /n;, expand the sum of checks from the
sample to the population stratum by stratum. Thus, in the present application, the mean for stratum
h (y,) is conditional on size and type of institution because the sample is stratified by PCD size
and institution type. The estimated variance of this estimator is the sum of the variances of the

individual strata, or
H

ZN,31_fh 2 o

h=1

Approach 2: Ratio estimator The ratio estimator obtains increased precision by taking advan-
tage of the correlation between y; and z;, where x; is known for each member of the population.
Let R = y/z.For a simple random sample, the ratio estimator is

- ZpGP Lp

NX X .
VE = d yo=—"> y.=N=y=NRX. (10)
nT a

T
ZSGS S se8 ses

Here, n = (X /)y, f¥ = 1, and R is an estimate of the ratio of checks to deposits for the
population. The sample estimate of the variance of YVRis

U(?R> = M Z(yz - sz’)% (11)

n(n—1) —

A comparison between Equation 7 and Equation 11 reveals why a high correlation between y and

x increases the precision of the estimate. The ratio estimator for a stratified sample is

H
:NZ
h=1

2|2

X H H
o0 ; V=" Ny X (12)

h=1
Here, my, = (X1,/%4)Un, f,f = Ny/N, N = > Njand Ry, = Un/ Ty is an estimate of the ratio of

checks to deposits for the population in stratum /. The approximate variance for stratum A is

v(VF) = M i(yz — Ryx)?. (13)

nh(nh — 1) 1



A “bias corrected” version of the variance, which accounts for the relative size of institutions in
the stratum population and responses is v**(Y;?) = (X /Z)v(Y;F) (Rao, 1978). The variance of the
total is the sum of the variances for each stratum.

Approach 3: Linear regression estimator For a simple random sample the regression estimator
is

Y =Ny + B(X - 1)) (14)
where B is the fitted slope coefficient from a linear regression of y on = and a constant . Thus,
for the present application, /3 is an estimate of the change in y when z is increased by 1. The

regression estimate is equivalent to the ratio estimator when v = 0. The variance of the linear

regression estimator is
N1 ) ,

v(Y™) = n(n —2)

(15)

where s? is the variance of the regression residual. For a stratified sample, the regression estimator
is
H
Y7 =" Nu(h + Bu(Xn — 7)) (16)
h=1
where [3 ;, 1s an estimate for the increase in the annual number of checks paid for a $1,000 increase

in deposits in stratum h. The variance of the total is the sum of the variances for each stratum, i.e.,

H
¥y =>" Nl = i) 2 (17)

1 nh(nh — 2)

Approach 4: Nonparametric regression estimator In some cases, the assumption of a lin-
ear relationship between y; and z; within strata may be too restrictive. In addition, the se-
lection of strata boundaries, while not arbitrary, is only approximately optimal. The ratio and
linear regression estimators are based on linear parameterizations of the conditional expectation
E(Y|X = z) = m(z). A nonparametric extension of the idea behind the linear regression es-
timator shown above is possible using the Nadaraya-Watson estimator (NW), a nonparametric
regression estimator.” The following estimate for the total is a variant of standard nonparametric
techniques, but this author has not found an attempt to estimate a total by a similar technique in

the literature. The model for the nonparametric estimate is

SHirdle and Linton (1994) and Pagan and Ullah (1999) provide good background discussions of this estimator and
of nonparametric estimation methods in general.
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yi=m(y;) +e€, 1=1,..n, (18)

where ¢; is an independent random error satisfying E(e;|z; = x) = 0 and var(¢;|z; = ) =
o?(x). The total number of checks paid for institutions of size = is N f¥(z)m(z) where N is
the number of institutions in the population and f¥(-) is the probability density function for the

population. The total number of paid checks is

max(z)
Y = N/ fF(x)m(z)du, (19)
min(z)
max (X
where fmin(;)) P (z)dx = 1.
The NW estimator is defined as

N _ > iy K@ — i)ys _ > iy K@ — m)yi
() > iy Kl — ;) nfS,(z — z;)

(20)

where K, (+) is a kernel function which is piecewise continuous, symmetrical around zero, and
integrating to one and f 9,(+) is the estimated probability density function of the sample. The
smoothness of 7, is determined by the bandwidth A.

Separating the population of DIs of a given type into a certainty group C' and an uncertainty

group X \C, the total number of checks may be written as

Y™ = (N = Ne) Y fi\ayimn(a) + > Y. 1)
zelU ceC

where U = min(X), min(X) 4+ a,--- ,max(Xx\¢) for a = (max(X\C) — min(X\C))/(¢ — 1),
Y weU fg (x) = 1 and ¢ is a somewhat arbitrary choice of the number of points in the distribution

to compute, but is the rough equivalent to the number of bins in a histogram.®
The specification may be thought of as dividing the population into ¢ strata and estimating sep-
arate models for each. The data used to estimate the mean for each strata, however, is not restricted
to members of the strata, and the weighting of observations within the strata is a function of the
kernel and of the bandwidth h. The bandwidth  is selected to be approximately optimal for the
estimation of 7, (z) and the same h is used for f¥\°(z). In general, the sample bandwidth  is
larger than would be optimal for the population. Depending on the complexity of the kernel func-
tion, the variance of this estimator may be estimated with its asymptotic variance or by bootstrap

methods. In this paper, only bootstrap estimates are considered for the nonparametric estimator

®The choice of ¢ involves a tradoff between precision and computational burden. The precision gain diminishes as
q becomes large. For the results reported in this paper, ¢ = 200.
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and will be shown in the next section.

3 Data and Results

3.1 2001 Data

The three surveys conducted in 2001 were

e Depository Institution Check Study’—Survey of the number, value, and collection sources of
checks paid in March and April 2001 from a stratified random sample of insured commercial

banks, credit unions, and savings institutions in the United States

e Check Sample Study®—Survey of a random sample of individual checks submitted for col-

lection by a stratified random sample of depository institutions during 2000

e Electronic Payment Instruments Study’—Survey of the number and value of retail electronic
payments originated in the United States in 2000 through the universe of electronic payment

networks, card issuers, and third-party processors.

Only the first of the three surveys is analyzed in detail in this paper, although results of the

other two are discussed.

3.1.1 Survey and sample design

In the Depository Institution Check Study, the surveyed depository institutions were instructed
to report only those checks paid on behalf of their own customers and to exclude checks that they
collected on behalf of other depository institutions. To account for checks written on money market
and other accounts at brokerages, respondents were instructed to include the checks they settled on

behalf of those nondepository institutions in their reported figures.

’Global Concepts, Inc. and Westat, Inc. were retained by the Federal Reserve Bank of Atlanta to assist with the
survey design, estimation, and data collection. The survey was designed by a team of staff members from the Federal
Reserve System, Global, and Westat. Data collection and initial estimation was performed by Global and Westat in
consultation with Federal Reserve staff.

8Global Concepts, Inc. and Westat, Inc. were also retained to assist with this survey. Global and Westat designed
the survey, collected the data, and performed the estimation in consultation with Federal Reserve staff members.

9Dove Consulting was retained by the Federal Reserve Bank of Atlanta to assist with the survey design, estimation,
and data collection. The survey was designed by a team of staff members from the Federal Reserve System and Dove
Consulting. Dove consulting, in consultation with Federal Reserve staff members, performed the data collection and
produced the estimates for the number and value of electronic payments reported in this paper.

12



The population of depository institutions from which the sample was drawn encompassed com-
mercial banks (including branches of foreign banks), credit unions, and savings institutions. De-
pository institution subsidiaries of multibank holding companies were treated as a single institu-
tion. Depository institutions in the population that had transaction deposits at the close of business
on September 30, 2000 (June 30, 2000, for credit unions), were grouped by type—commercial
bank, credit union, or savings institution—and stratified by value of transaction deposits (excluding
the transaction deposits of other banks and the U.S. government), as reported to federal depository
institution regulators.

The sampling procedure was designed to achieve 95 percent confidence intervals no larger
than 45 percent of the size of the estimates of total number and value of checks paid. Six strata
were defined for commercial banks, five for credit unions, and three for savings institutions. The
boundaries of the strata and the probability of selection for institutions in each stratum were set to
maximize the precision of the estimates of the number and value of checks. Because transaction
deposits are concentrated in the largest institutions, the probability of an institution’s being sampled
increased with the value of its transaction deposits, although the probability of selection was the
same for all the institutions in a given stratum.

Using the assumption of a response rate of 65 percent or greater, 2,365 depository institu-
tions were sampled. The probability of selection for the largest 533 commercial banks, 104 credit
unions, and 40 savings institutions was 100 percent. There were 1,256 valid responses for the
number and value of checks; 1,011 valid responses for the share of on-us checks; and 1,036 valid
responses for the number of returned checks. For the total number and value of checks, the over-
all response rate was about 53 percent. In part because response rates were higher for strata with
larger depository institutions, the desired precision was achieved for the estimate of check number;
it was not, however, for the estimate of check value.

The approach to sampling was to stratify the population of each type of DI by size, then produce
separate estimates of the total for the population within the stratum using the institutions sampled
from the same stratum. For each institution type, the population was sorted and divided into
several strata according to the value of a measure of size called public checkable deposits (PCD).
The boundaries and sampling rates for each stratum were selected based on PCD following a
procedure designed to contribute to minimizing the standard error of the estimates (Lavalee and
Hidiroglou, 1988). At the sampling stage, the population of charters for the 1979 and 1995 samples
were stratified by total deposits rather than PCD.

In general, PCD is the value of transaction deposits, excluding deposits of other DIs and the
federal government. Deposits of other DIs are generally compensating balances for correspondent
services, and institutions were instructed not to report checks paid on behalf of their DI customers,

because reporting such checks would result in double counting. The known number of federal
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government checks and postal money orders are paid by the Federal Reserve Banks and are not
paid on deposits held at private DIs. Thus, PCD is a measure of the type of deposits against which
most checks are written. Given the different ways that each institution type reports its deposits,
the PCD definition was not perfectly consistent between different DI types, but does not present a
problem as the estimates for these types are produced independently.

After strata boundaries were chosen, balanced random samples without replacement were taken
from the strata populations. The probability of selection was greater for DIs in strata with larger
PCD values, and the largest DIs were selected with certainty. A similar approach was used for
the 1979 and 1995 studies. Such an approach can help to increase the precision of estimates for a
given sample size when a population is highly skewed, as is the case for depository institutions.

Another reason for stratifying the population according to the size of PCD at the estimation
stage was because the average value of checks, the intensity with which the customers of depository
institutions used checks, and the tendency to sweep temporarily unused deposits out of transaction

accounts was expected to vary across different size groups, but be fairly similar within groups.

3.1.2 Estimation

To improve the accuracy of the estimates, the strata used for estimation were updated using PCD
information for the population of depository institutions with transaction deposits at the close of
business on March 31, 2001 (December 31, 2000, for credit unions) (14,696 institutions). For
the final estimation, commercial banks were grouped into seven strata, credit unions into six, and
savings institutions into four.

Check figures were annualized by summing the figures for March and April 2001 and multi-
plying by six. For simplicity, these annualized figures were assumed valid for 2000, an assumption
supported by data on Federal Reserve check collections: The number of checks collected by the
Federal Reserve Banks, which may track total checks for short intervals, declined slightly but was
relatively flat between 2000 and 2001. The annualization factor implied by the number of checks
collected by the Reserve Banks in March and April would have been slightly smaller than six
because check collection volume in March and April tends to be higher than in other months.

Ratio Estimates Estimates of the number and value of checks were based on separate ratio esti-
mators for each stratum using transaction deposits as the covariate. (Within a stratum, the amount
of transaction deposits was highly correlated with the number and value of checks reported by
the responding institutions.) The estimate of total number (or value) of checks paid by depository
institutions was equal to the sum of the estimates for the strata. Data on the number (or value) of
U.S. Treasury checks and postal money orders paid in 2000 were added to that estimate to obtain
the estimated total for 2000 (See Table 1).

14



Since the original study estimates were reported, some correction of the data was possible, in
part because depository institutions are given the opportunity to correct errors in quarterly reports
filed with the Federal Reserve. This allowed an update of the PCD values reported by the in-
stitutions for March 31, 2001. New strata boundaries were chosen based on the corrected data
according to the first iteration of an approximately optimal algorithm due to Dalenius and Hodges,
Jr. (1959), using PCD of the population. (The method is referred to as cumy/f by Cochran (1977).)

To further reduce the variance of the total estimate, the lower boundary of the stratum with the
largest DIs was adjusted to obtain a certainty stratum of the largest institutions. Such judgemental
choices are appropriate in light of the fact that the allocation to boundaries is approximate, and
assumes that sampling rate objectives are met. In any case, given that the minimum variance
estimator is preferred, judgement exercised solely for the purpose of increasing the precision of the
estimate is appropriate and common, in practice. The 33 largest banks that end up representing
only themselves in the adjusted cum+/f allocation are unlikely to be representative of banks of
smaller size. The new estimates are reported in Table 2.

The value estimate changed the most. In fact, the estimated value dropped by almost $0.5
trillion (1.2 percent) while the standard error was reduced by half. In the original estimate, the 95
percent confidence interval was +3$2.5 trillion while in the new estimate the confidence interval
is +$1.2 trillion. The drop in the corresponding 95 percent confidence intervals for the number
of checks was not as dramatic, dropping from +1.6 billion to 1.2 billion. Recall, however, that
these confidence intervals do not account for mistakes, or errors in reporting. While much effort
was invested in identifying, verifying, and editing possible problems in the data, it is still important
to note that if a very large DI miscounted, the mistake could be in the billions of checks or trillions
of dollars.

The average value of a check for each stratum was estimated as the ratio of the estimated total
value of checks to the estimated total number. For each estimated average, an asymptotic standard
error was computed according to the following formula for the standard error of a ratio of two
correlated random variables from Kendall and Stewart (1977). For two random variables, a and

b,the variance of the ratio a/b is

_ [ E(a) ? (var(a) var(h) 2cov(a,b)
witoft) ~{ 53 | {50 ra) |

The variances in the formula were simply the estimated variances of value and number, respec-
tively. The covariance between value and number for each stratum was estimated using a re-
arrangement of the formula for the variance of a sum of two random variables, i.e. Cov(a,b) =
(Var(a+b)— Var(a)— Var(b))/2. Each of the three variances on the right hand side were produced

from separate ratio estimation procedures according to the formula in Equation 13. Notice that the
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confidence interval for the average value of a check is estimated with more precision than either

the total number or total value.

Linear Regression Estimates Linear regression estimates (not reported) were also estimated
and compared to the ratio estimates. In practice, the parameters /3, are estimated on data trimmed
of outliers. Then the total is estimated according to the formula in Equation 14. As stated above,
the linear regression estimators are equivalent to the ratio estimators when the constant in the linear
regression is equal to zero. The hypothesis that the fitted constant in the linear regressions were
equal to zero could not be rejected. In addition, the estimated totals based on the linear regressions
in each stratum were practically identical to their ratio estimator counterparts.

While the regression estimator resulted in virtually identical totals and standard errors, the fit
of some of the regressions was not particularly high for some strata, although overall the fit was
quite acceptable for a cross-section. The cross-sectional variation of PCD explained less than
one-quarter of the variation in the total number of checks for some strata of intermediately sized
commercial banks. !

The ratio estimator studied above and linear regression estimator is best when y and x are

2 x x;. That is, the variance of the number and value of checks

highly correlated and o%(y;) = o
should be proportional to the value of PCD. Scatterplots of the number of checks paid to the value
of PCD appear consistent with this assumption. Figures 2, 3, and 4 show scatterplots by stratum
along with the corresponding fitted regression lines. The size of each dot in the plots correspond to
the value of checks paid by each DI relative to other members of the stratum. In general, banks of
larger size in terms of the number of checks are also larger in terms of value. On the other hand, the
scatterplots show that banks exhibit considerable diversity, reflecting different mixes of consumer
and business customers. Interestingly, the very largest banks have smaller average value than
the second to largest banks, reflecting either a greater focus on consumers than the not-so-large,
more regional banks, or revealing a boundary where larger business payments at these banks are
transferred electronically. Aside from this anomaly, the average value of a check gets smaller as

the size of a DI becomes smaller.

Nonparametric estimates While the linear assumption is convenient and likely reasonably close
to the true model, it is worth studying the data more closely to see how nonparametric model per-
forms relative to the ratio estimator. The first step will be to explore the univariate empirical distri-
butions of PCD. One of the defining characteristics of the population of DIs is the highly-skewed

nature of the distribution of common measures of size such as assets, PCD, and total deposits.

10The relatively poor fit of the regressions for this class of DI also suggests that other covariates might be considered.
The CALL reports provide an impressive number of balance sheet and income statement related candidates, allowing
for a multivariate linear regression estimate of the population totals. Such models could be explored in the future.
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Figure 2: Scatter plots of the data used to estimate the number of checks and value of checks paid by commercial
banks Each plot corresponds to one of the strata used for estimation. The vertical axis is the number of checks, and
the horizontal axis is the value of public checkable deposits, where the range on the horizontal axis (in $1 millions)
is printed above each plot. The line is the fitted line for the regression of the number of checks on the value of public
checkable deposits and a constant. The size of the dots in each scatter plot represent the relative value of checks paid
by the institutions within the strata.

25-57 57 - 269 290 - 1643

Figure 3: Scatter plots of the data used to estimate the number of checks and value of checks paid by credit unions
Each plot corresponds to one of the strata used for estimation. The vertical axis is the number of checks, and the
horizontal axis is the value of public checkable deposits, where the range on the horizontal axis (in $1 millions) is
printed above each plot. The line is the fitted line for the regression of the number of checks on the value of public
checkable deposits and a constant. The size of the dots in each scatter plot represent the relative value of checks paid

by the institutions within the strata.
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Figure 4: Scatter plots of the data used to estimate the number of checks and value of checks paid by savings
institutions. Each plot corresponds to one of the strata used for estimation. The vertical axis is the number of checks,
and the horizontal axis is the value of public checkable deposits, where the range on the horizontal axis (in $1 millions)
is printed above each plot. The line is the fitted line for the regression of the number of checks on the value of public
checkable deposits and a constant. The size of the dots in each scatter plot represent the relative value of checks paid

by the institutions within the strata.

While there are approximately 15 thousand DIs in the United States with nonzero PCD, most of
the assets, deposits, and PCD are controlled by a small number of very large institutions. As a
result, the median-sized DI tends to be much smaller than the DI of average size. The skewness in
part is related to the fact that these measures are bounded below by zero.

One common parametric approach to modeling data with this property is to transform it using
the natural logarithm and fit the transformed data to a normal distribution. In that case, the data are
assumed to be lognormally distributed. Under the lognormal assumption, the mean and variance

of the untransformed data are

E(X) = % 22)
) 23)

where X is the untransformed variable and i, o are the mean and standard deviation of In(X).
As will be seen below, the lognormal distribution is too restrictive as skewness and kurtosis of the
distributions are not necessarily well represented by the lognormal model.

There are other reasons to transform the data. The skewness of the distributions make the

display of the data on a common, linear scale difficult. In addition, production of the empirical
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Figure 5: Density of commercial bank PCD. The solid blue line is for the population, and the dashed red
line is for the sample. The numbers on the horizontal axis correspond to the upper bounds of the strata for
the ratio estimates.

distributions using a common bandwidth for a kernel over the range of the untransformed data is
problematic when the data are highly skewed. Suppose Z = e*, the probability function of X is
f and the probability function of Z is g. When f is continuous, and the transformation function
and its inverse are continuously differentiable and monotonically increasing as with the natural

logarithm, then for a given z of 7,

o) = B 24

This shows that if the distribution of X is approximately symmetrical then the distribution of 7
will be highly skewed to the right.

In the original study, larger institutions were deliberately oversampled, muting the skewness
of the sample relative to the population. Sampling frequency thus increases with size resulting in
skewing the transformed sample data to the left (Figures 5, 6, and 7).

Nadaraya-Watson regressions were estimated for the number of paid checks. In the present
paper, K is the Epanechnikov kernel and h is chosen according to a formula known as Silverman’s
rule of thumb, which approximates the bandwidth that minimizes the integrated mean squared error
of the (x)’s. Pointwise confidence intervals are based on the estimated asymptotic variance of
1 () which depends on 6(z), £, () and a correction for the finite population. Unlike the linear
regressions reported above, NW estimates use all of the sample data including outliers.

Unlike the linear regressions, NW estimates use all of the sample data including outliers. The

nonparametric regressions of the natural log of the number of checks against the natural log of
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Figure 6: Density of credit union PCD. The solid blue line is for the population, and the dashed red line
is for the sample. The numbers on the horizontal axis correspond to the upper bounds of the strata for the
ratio estimates.
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Figure 7: Density of savings institution PCD. The solid blue line is for the population, and the dashed red
line is for the sample. The numbers on the horizontal axis correspond to the upper bounds of the strata for
the ratio estimates.
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Figure 8: Nadaraya-Watson regression of the natural log of the number of checks against the natural log of PCD for
commercial banks. The vertical axis indicates the number of checks paid and the horizontal axis corresponds to the
upper boundaries of the strata used for the ratio estimator. The data points are represented as blue dots, and estimated
95 percent confidence bounds are shown in red.

PCD show that the data are not well-described by a single linear function, but could be reasonably
described by a judiciously selected piecewise linear function such as the ratio estimator or linear
regression estimator (Figures 8, 9, and 10).'! For a few short intervals, monotonicity of the esti-
mated function 7i2(x) is violated, but the estimated confidence intervals tend to be wider at these
locations on the curve, and the confidence intervals envelop a monotonically increasing function.
For the non-parametric estimate of the total number of paid checks, Y; is defined as the number
of checks paid by institution ¢ but X; is defined as the log of PCD in order to allow the selection
of a common h for ¢ discrete locations spanning the data described above.'> While the number of
checks could have been logged as well as in the NW regressions reported above, doing so would
have introduced additional complications having to do with the need to transform expectations of
the logged variable into expectations of the actual variable and the fact that the sum of natural logs
is not equal to the natural log of a sum. As shown above, if the logged data are normally distributed,
the expectation and variance of the actual variable are simple functions of the two moments that
describe the distribution. When the assumption of normality is relaxed, the transformation is not
so straightforward. The intuition provided by the result for the log-normal distribution, however, is

that if the dependent variable is transformed by the natural logarithm, the expectation of the actual

""While the value of paid checks is also of interest, for this paper I concentrate on the number of paid checks
because, for policy reasons, it is typically viewed as the more critical estimate relative to value of paid checks.

12 A more general kernel estimate that allows the width of A to vary with the value of PCD rather than logging PCD
is another way to deal with the skewness of the distribution, and may be attempted in the future.
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Figure 9: Nadaraya-Watson regression of the natural log of the number of checks against the natural log of PCD
for credit unions. The vertical axis indicates the number of checks paid and the horizontal axis corresponds to the
upper boundaries of the strata used for the ratio estimator.The data points are represented as blue dots, and estimated

95 percent confidence bounds are shown in red.
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Figure 10: Nadaraya-Watson regression of the natural log of the number of checks against the natural log of PCD for
savings institutions. The vertical axis indicates the number of checks paid and the horizontal axis corresponds to the
upper boundaries of the strata used for the ratio estimator.The data points are represented as blue dots, and estimated
95 percent confidence bounds are shown in red.
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Figure 11: Bootstrap distribution of the nonparametric estimate for the total number of checks paid
by commercial banks.

variable will be biased downward but the bias decreases with the variance and thus with the size of
the sample. '3

Estimation of Equation 21 for each institution type shows that the nonparametric estimation is
quite close to the linear estimates with PCD as covariate (Table 3). (Another estimate which treated
the entire population as an uncertainty group (not reported here) was very close to the reported
estimates.) The point estimates of the number of checks paid by commercial banks and savings
institutions are extremely close to the estimates using the linear techniques presented previously.
The nonparametric estimate for credit unions is larger by about 0.5 billion or about 10 percent.

Bootstrapped standard errors and confidence intervals were specified to take account of the
finite population, but did not take advantage of the dependency produced by the stratified sampling
except for the separation into uncertainty and certainty strata. Accounting for that dependency
would have made the bootstrapped standard errors smaller. Nonetheless, the estimated standard
errors from the bootstrap are roughly equal to those from the linear models. The separate estimation
of the certainty groups was done primarily to correct for the finite population in the bootstrap
computations. The confidence intervals and means from the bootstrap show that the estimates
could be roughly described by a normal distribution with mean Y™ and standard deviation s"”
although the distributions are very modestly skewed to the right (Figures 11, 12, and 13).

3The implications of such specification issues may also be explored later.
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Figure 12: Bootstrap distribution of the nonparametric estimate for the total number of checks paid
by credit unions.
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Figure 13: Bootstrap distribution of the nonparametric estimate for the total number of checks paid
by savings institutions.
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3.1.3 Estimation of the Number and Value of Checks Paid by Location of Deposits

Although the survey of depository institutions was not explicitly designed to facilitate a comparison
of check use by geographic region, sufficient responses were received to make such a comparison
possible. For each of four regions—Northeast, South, Midwest, and West—separate estimates
of the number and value of checks paid were made for single-region institutions (those having
deposits in only one region) and multi-region institutions (those having deposits in more than
one region). For multi-region commercial banks and savings institutions, checks and transaction
deposits were allocated to regions according to the proportion of the institution’s total deposits
in each of the regions. The allocation method assumed that within these institutions, the ratios
of transaction deposits to total deposits, check number to transaction deposits, and check value
to transaction deposits were constant. Information on the location of deposits at credit unions and
branches of foreign banks was unavailable, and data for these institutions were assigned to the state
in which the head office of the depository institution was located. Except for several of the largest
credit unions (about ten), most of these institutions operate within the boundaries of a single state.

To produce the regional estimates, institutions were stratified first by region and then by type
and size. For each region, the strata were constructed by separating institutions into multi-region
and single-region, type, and size categories, with strata boundaries selected according to an approx-
imation to Neyman allocation. New ratio estimators were produced using these strata, following
the procedure described in the preceding section (Table 4).

About 138 institutions had branches in more than one of the four regions. (These institutions
paid about 40 percent of all checks and accounted for just over 40 percent of transaction deposits.)
For each of these multi-region institutions, prior to estimation, transaction deposits and check data
(number and value of checks) were allocated to regions in proportion to the location of their total
deposits. Allocating transaction deposits according to total deposits assumes that, for the institu-
tions in the sample, transaction deposits and checks are in the same proportion to total deposits for
every region. This allocation method appears reasonable for the construction of an aggregate re-
gional estimate but may not hold true for some institutions. Whether large regional differentials in
this proportion for some very large institutions would weaken or strengthen the apparent regional
differences reported here is unclear. Estimates of urban and rural check use were constructed
using a method similar to that used to construct estimates by region. Urban areas were defined
as metropolitan statistical areas (MSAs) and New England county metropolitan statistical areas

(NECMAs), and rural areas as all other areas.
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3.2 1995 Data

The 1995 data were collected in a survey conducted by Board staff in 1996 for a report to the
Congress on funds availability and check fraud (Report to Congress on Funds Availability Sched-
ules and Check Fraud at Depository Institutions, 1996). The estimate of number of checks paid
was based on the sum of two figures requested in the survey questionnaire: number of checks paid
during 1995 that had been received from other institutions and number of checks paid during 1995
that were on-us checks. Thus, the survey provided information on checks paid by a random sample
of depository institutions. The definition of the amount of transaction deposits was the same as that
used for the 2000 estimates. Unlike the 2000 estimate, the population in this study was defined as
individually chartered depository institutions.

For the estimation of the number of checks paid, the population of depository institutions was
stratified using the value of transaction deposits in December 1995, with optimal strata boundaries
set using adjusted cum+/f as described above for the 2001 data. Seven strata were defined for
commercial banks, three for credit unions, and three for savings institutions. The estimate of
the total number of checks paid by depository institutions was equal to the sum of separate ratio
estimates for the strata. The number of U.S. Treasury checks and postal money orders paid in 1995
was added to that estimate to obtain the estimate of the total for 1995 (Table 5).

3.3 1979 Data

The 1979 data were collected in a survey conducted in that year by the Federal Reserve Bank of
Atlanta and cosponsored by the Reserve Bank, the American Bankers Association, and the Bank
Administration Institute (4 Quantitative Description of the Check Collection System, 1980). The
estimates of the number and value of checks for 1979 were produced from separate ratio estimates

of the total number of checks reported by a stratified sample of 343 banks.

4 Trends in Payment Activity

In the United States, most noncash payments are made using checks, credit cards, debit cards, and
the electronic payment system called the automated clearinghouse (ACH)—collectively referred to
as retail noncash payments. Consumers, businesses, and government entities made about 71.5 bil-
lion retail noncash payments in 2000 (Table 6). The total value of these payments was about $46.6
trillion, approximately four and three-fourths times U.S. gross domestic product (GDP) for that
year. According to these estimates, checks were the predominant type of retail noncash payment,
accounting for 59.5 percent of these payments by number. By comparison, checks constituted 85.7
percent of retail noncash payments in 1979.
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Although the number of check payments increased from 1979 to 2000, the number of checks
as a share of retail noncash payments declined about 26 percent. Growth in overall economic
activity and population led to a general growth in payments, including cash payments, between
1979 and 2000. Such factors as technological change and increased availability and acceptability
of alternatives to cash influenced the proportion of payments made with retail noncash instruments.

From 1979 to 2000, the sum of the number of checks and retail electronic payments grew
approximately 3 percent a year, about the same as the rate of growth of real GDP. Hence, both
the number of retail noncash payments and the amount of economic output roughly doubled over
the period. Over the same period, the number of households increased from 78.8 million to 105.5
million, for an annual rate of growth of almost 1.5 percent.

While a comparison of growth in the number and value of payments to various measures of
economic activity is useful, the ratios of total number (or value) of payments are not necessarily
stable over time. A general increase in payments, an increase in the number of households with
checking accounts, or the replacement of some cash payments by noncash payment alternatives
could each have contributed in varying amounts to the growth in retail noncash payments leading
up to the mid-1990s. (The proportion of households without a checking account fell from 18.7
percent in 1989 to 13.2 percent in 1998 (Kennickell et al., 2000).) In addition, changes in business
payment practices, different types of credit arrangements, trends in vertical integration or disinte-
gration of supply chains, and other activities could result in the elimination of some payments, and
the replacement of multiple payments with single payments (or the reverse).

About 9.2 billion more retail electronic payments were made in 1995 than in 1979. The number
of checks also rose considerably over the period. In fact, about 16.7 billion more checks were paid
in 1995. However, the number of checks paid as a share of all retail noncash payments declined,
from 85.7 percent to 77.1 percent. The decline in the number of checks as a share of retail noncash
payments continued over the period 1995 to 2000, and the number of checks paid declined as well,
from an estimated 49.5 billion in 1995 to 42.5 billion in 2000. (In comparison, the annual number
of electronic payments increased 14.2 billion over the period.)

Whether the number of checks paid in nearby years was higher or lower than in 1995 is un-
known. However, these estimates suggest that the number of checks paid peaked during the mid-
1990s. The apparent decline in the number of checks paid between 1995 and 2000 was likely not
driven by a change in the general level of economic activity. Both years were part of an economic
expansion that began in the early 1990s and peaked in March 2001 (according to the National
Bureau of Economic Research), and spending by consumers and businesses, which make the pre-
dominant number of payments in the economy, increased during the period.

Instead, the decline in check use appears to have been related to increased use of electronic

payments by consumers and businesses. Although the number of checks paid appears to have
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declined during the latter part of the period, the number increased on net from 1979 to 2000.
The value of checks paid, however, decreased—from an estimated $50.7 trillion in 1979 to $39.3
trillion in 2000 (both in 2000 dollars; Table 7).

The declines in overall check value and related measures (the estimated average value of a
check, for example, declined from $1,544 in 1979 to $925 in 2000) provide supporting evidence
that electronic payments have replaced checks for at least some types of transactions. In addition,
most large-value payments for settlement of financial market transactions that were once made
by check are now made electronically, many using the large-value funds transfer systems (such
as Fedwire and CHIPS). Such payments are discussed separately because they are not considered

retail noncash payments.

4.1 Trends in Total Transaction Deposits

Not only do checks appear to have peaked in the mid-1990’s, the total value of PCD held at depos-
itory institutions peaked in 1994 (Figure 14). The fact that PCD peaked at about the same time that
checks are estimated to have peaked, at first glance, would appear to be more than a coincidence. In
fact, one major phenomenon having little connection with the propensity to write checks is at least
partially responsible for a decline in total PCD. Sweep programs, which tend to reduce the amount
of the checkable deposits at depository institutions that use them, were adopted increasingly during
this period.

Generally, depository institutions use two types of sweep programs. Wholesale sweeps, which
have been offered to business customers since the 1970s, keep customers’ non-earning assets low,
by moving funds between non-interest-earning demand deposits, such as transaction deposits, and
interest-earning money market mutual funds or other financial instruments. Retail sweeps, which
first appeared in 1994, move idle funds from transaction deposit accounts to special purpose money
market deposit accounts (MMDASs) and return them to transaction accounts only as needed to cover
payments, limiting the number of withdrawals from the MMDAs to six per month in accordance
with regulatory restrictions. This practice does not adversely affect the account holder but allows
the depository institution to reduce its non-interest-earning assets. Both types of sweep programs
reduce the amount of funds depository institutions must hold to meet their reserve requirements
(Edwards, 1997).

The importance of check payments relative to other types of payments at individual depository
institutions cannot be known precisely because data on the proportion of total payments made using

checks at individual depository institutions are unavailable.'* However, despite the confounding

“The 2004 Federal Reserve Payments Study, now in the field, is designed to collect data on other payments initiated
from deposit accounts. Thus, the proportion of check payments relative to other payments initiated from deposit
accounts could be estimated from that study.
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Figure 14: Total PCD from 1979-2001, all depository institutions, billions of 2000 dollars. Ad-
justments to historical values are made using the GDP implicit price deflator. For example, prices
have roughly doubled since 1979, so that $1 in 1979 is equivalent to about $2.05 in 2000.
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effects of sweep programs, trends in the number and value of checks paid in terms of the value of
an institution’s transaction deposits can give some indication of the importance—or intensity—of
check use. Specifically, the relative intensity of check use can be approximated as the number and
value of checks paid per $1,000 of transaction deposits—the number-to-deposits ratio and value-
to-deposits ratio respectively. The use of sweep programs should increase the observed number-to-
deposits ratio and value-to-deposits ratio, other things being equal. By value, from 1979 to 2000,
the rate of aggregate payment flow via checks for a given stock of checkable deposits, however,
declined more than enough to offset an increase in the value-to-deposits ratio due to sweeps.

In nominal terms, retail sweeps into MMDAs are estimated by the Board of Governors to have
grown from around $5 billion in early 1994 to about $400 billion in 2000, to about $575 billion
in early 2004.!5 The data suggest that, after adjusting for retail sweep activity, real transaction
deposits actually grew by about $115 billion from 1995 to 2000; real sweep-adjusted transaction
deposits grew from about $1 trillion in 1995 to about $1.115 trillion in 2000. These adjusted
aggregate PCD values suggest that the number-to-deposits ratio (checks per year, per $1000 of
transaction deposits) dropped from about 49 to about 36.5, a decline of about 25 percent.

The number-to-deposits ratio was about 42.6 in 1979. Thus, before the decline, the intensity of
check use, by this measure, appears to have increased during the 1980’s and early 1990’s. On the
other hand, the intensity of check use, by number, was lower by about 17 percent for 2000 than for
1979. The value-to-deposits ratio, using the sweep-adjusted estimate of transaction deposits, was
about $66 thousand per $1,000 of transaction deposits in 1979 and about $35 thousand in 2000.
Checks were paid at the annual rate of about $66 per dollar of deposits in 1979 and about $35 per
dollar of deposits in 2000.

Besides checks, both retail and large-value electronic payments can be initiated from checkable
deposits using ACH, debit card, and ATM networks as well as other means of funds transfer,
depending on the types of services offered by a depository institution. Absent an increase in the
propensity to carry unused funds in transaction accounts, the declines in number-to-deposits and
value-to-deposits ratios are therefore highly suggestive that check payments were being replaced
by electronic payments drawn from checkable deposit accounts.

While these comparisons are highly suggestive of replacement of checks with electronic pay-
ments, other competing explanations exist. For example, an increase over time in the willingness
of depositors to carry large checkable deposit balances is another possible explanation. An increase
could occur, for example, if the opportunity cost of holding funds in checkable deposits declined
over the period or if benefits accruing to large checkable deposits, such as the payment of interest

or the waiver of fees, increased. While such explanations are possible, they do not seem as likely

SData and other information on sweep programs is available at the Federal Reserve Bank of St. Louis web site (
http://research.stlouisfed.org/aggreg/ ).
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as the check replacement hypothesis.

4.2 Federal Reserve Check Clearing

The twelve Federal Reserve Banks collect checks for depository institutions by accepting checks
for collection and presenting them to paying depository institutions (those on which the checks are
written). In 1979, the Reserve Banks collected about 15 billion checks (4.2). At that time the
Reserve Banks provided check collection and other payment services only to commercial banks
that were members of the Federal Reserve System, and generally at no charge. The Monetary
Control Act (MCA), implemented in 1981 changed the way the Reserve Banks offered payment
services, requiring them to recover the cost of certain payment services, including check collection
services, over the long run. The recovery requirement included all direct and indirect costs incurred
by the Reserve Banks, as well as imputed costs that would have been incurred had the services been
furnished by a private business firm, such as the taxes that would have been paid and return on
capital. In addition, the MCA required the Reserve Banks to offer their services to all depository
institutions, including non-member commercial banks, credit unions, and savings institutions.

In 2000, depository institutions were more likely to collect a check using the Reserve Banks
when the paying bank was small, which is illustrated by the fact that, for each type of institution,
the share of checks presented by the Reserve Banks decreased as the size of the bank increased.

Credit unions, generally among the smallest depository institutions, received the largest share of
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their check presentments from the Reserve Banks (Table ??). The Atlanta Study found that in
1979, the share of checks presented by the Reserve Banks also decreased as the size of the bank
increased. That study found that for the smallest banks—those with less than $100 million in total
deposits—more than 50 percent of their checks were presented by the Reserve Banks.

The greater share of checks presented to smaller banks by the Reserve Banks is related, in
part, to cost. Collecting banks generally need to present a smaller number of checks to smaller
banks. The cost of delivering checks to smaller institutions may be relatively lower for the Reserve
Banks than for individual banks because the Reserve Banks consolidate all the checks from many
collecting banks to the paying bank each day. Alternative routes for collecting checks become
more cost effective as the number of checks being presented to a single paying bank increases.
Thus, collecting banks are less likely to use the Reserve Banks for the collection of checks from
the larger paying banks. Similarly, the cost of presenting checks to smaller depository institutions
may also be lower for correspondent banks.

In addition, regulatory differences between the Reserve Banks and private collecting banks are
related to the use of Reserve Banks for check collection. For example, the Reserve Banks have a
2 p.m. presentment deadline, 6 hours later than private collecting banks, which, under same-day-
settlement rules, have an 8 a.m. presentment deadline.

While the distribution of checks collected by the Reserve Banks differs from the distribution of
total checks, over short intervals the trend in the number of checks collected by the Reserve Banks
may roughly approximate the trend in the total number of checks. The number of checks collected
by the Reserve Banks increased to a peak of 19 billion in 1992 and began to decline slightly in
1993. There was a large drop in the number of checks collected by the Reserve Banks in 1994
and 1995. This decline is generally attributed to the introduction of the same-day settlement rule,
which reduced the disparities between the Reserve Banks and private collecting banks.

Other than changes in regulations, changes in the relative costs and benefits of check collection
alternatives also affect the number of checks the Reserve Banks process. The number of checks
collected by the Reserve Banks rose during 1997 through 1999 but has declined each year since.

Nonetheless, the share of checks presented by the Reserve Banks has remained surprisingly
stable. In 1979, about 43 percent of total checks were presented by Reserve Banks, while that share
was about 41 percent in 2000, a decrease of only 2 percentage points. In comparison, the estimated
share of checks received from local clearinghouses was 21 percent in 1979 and 18 percent in 2000,
a decline of about 3 percent.

Banks generally do not use the Reserve Banks to process checks that are on-us. Of the remain-
ing (interbank) checks, the Reserve Banks presented approximately 57 percent in 2000. (Note that
it is difficult to equate the share of checks presented by the Reserve Banks with a market share, as

an unknown quantity of interbank checks could be collected by multiple intermediaries. The esti-
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mate is thus most likely an upper bound.) The Reserve Banks also process returned checks. Based
on the estimated total number of checks returned, the Reserve Banks appear to process about 66

percent of these checks.

4.3 Trends and Differences Across Depository Institutions

Credit unions and savings institutions generally did not offer checking accounts (or their equiv-
alent) until the late 1970s. Since that time, transaction deposits at, and the number and value of
checks paid by, these institutions have grown briskly. Despite the overall decline in the number
of checks paid between 1995 and 2000, the number paid by credit unions and savings institutions
continued to grow. These institutions together paid an estimated 14 percent of checks in 1995 but
more than 20 percent in 2000. The 1.8 billion increase in the number of checks paid annually by
these institutions, however, was more than offset by a dramatic decline of about 8.7 billion in the
number paid annually by commercial banks.

These trends have at least two possible explanations. First, during the period commercial
banks, especially large ones, may have more aggressively promoted the use of alternative payment
instruments to the check, such as debit cards and ACH, relative to their smaller counterparts. On
the other hand, credit unions, and to a lesser degree, savings institutions, have grown in number
and size during the period. Thus, growth in checks at credit unions and savings institutions could
simply be due to gains in the share of total payments services supplied by these types of institution
to U.S. consumers and businesses.

The average value of checks paid in 2000 varied by type and size of depository institution,
presumably because of the mix of business and consumer customers served by different institu-
tions. Large commercial banks and some large savings institutions serve corporations and other
businesses as well as consumers. Because large corporations tend to make larger-value payments,
the average value of checks paid by depository institutions that serve them tends to be larger. Com-
munity banks (small commercial banks and savings institutions) typically serve smaller businesses
and consumers, so the average value of checks they pay is smaller. Credit unions overall have the
smallest average check value because they generally provide accounts only to consumers (Table
8).

In 2000, the number-to-deposits and value-to-deposits ratios appear to have varied by type
and size of depository institution (Table 8). The largest commercial banks, for example, had the
highest value-to-deposits ratio among all categories of depository institutions, likely reflecting the
high average value of checks paid by these institutions. In contrast, these banks had a number-to-
deposits ratio similar to those of the smallest banks and small savings institutions. Midsize banks

had the lowest number-to-deposits ratio and a value-to-deposits ratio below the ratios for the largest
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and smallest banks. These results suggest that checks may be used less intensively at midsize
commercial banks than at institutions in other categories. The amount of transaction deposits held
by a depository institution can be affected by both the willingness of account holders to hold idle
balances and the institution’s use of sweep accounts to reduce the balances their customers hold
overnight in transaction accounts. The use of such deposits in measures of the relative intensity
of check use may exaggerate the intensity of check use at the largest institutions because such
institutions also tend to use sweep accounts most extensively.

An alternative approximation that may control for various effects on transaction deposits is
the number and value of checks paid per $10 thousand of assets—the number-to-assets ratio and
value-to-assets ratio respectively. While the number-to-assets ratio exhibits the same general U-
shaped pattern as the number-to-deposits and value-to-deposits ratios, the value-to-assets ratio for
commercial banks does not. Instead, the value-to-assets ratio increases as the size category of
commercial banks increases.

Whether viewed in terms of transaction deposits or assets, credit unions stand out as the type
of institution at which checks are used the most intensively by number. The intensity of check use
by both number and value declines as size increases, suggesting that check use is less intense at
larger credit unions. Without directly measuring the number and value of all payments initiated by
depository institutions, approximating the intensity of check use is difficult because of the com-
plexity of factors affecting the data. Nevertheless, the results presented here provide preliminary

evidence that the intensity of check use does vary by type and size of depository institution.

4.3.1 Number of Checks per Account at Credit Unions

The average number of check payments per transaction account can be estimated for credit unions
because data are available on the number of transaction (share draft) accounts at these institutions.
Because credit unions generally do not offer business accounts, the number of checks (share drafts)
paid per account is an approximation of the number of checks paid per consumer account. The av-
erage number of checks per account varies across these institutions (Figure 4.3.1). Differences
in payment services offered may explain some of the variation. The monthly average number of
checks paid per share draft account in 2000 (about fifteen) was somewhat lower than the monthly
average number of checks estimated to have been written by households in that year (about nine-
teen; 4.3.1). One reason for the difference is that some households write checks on accounts at

more than one institution.
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2. Distribution of credit unions by average number of share
drafts paid monthly per account, 2000
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4.3.2 “On Us” Checks

A check that is deposited in or cashed at the same depository institution on which it is drawn is
referred to as an on-us check. An estimated 29 percent of checks paid in 2000 were on-us checks,
about the same as in 1979. The apparent absence of an increase in the aggregate share of on-us
checks is surprising in light of the consolidation of the banking industry that has occurred since
1979. When institutions merge, the probability that a check written by a customer of one of the
institutions will be an on-us check for the new institution generally increases; the increase is large
if the institutions that merged tended to serve customers that wrote checks to each other, though
not so large if they tended to serve customers that did not. If the merger is between institutions in
different geographic areas, and assuming that most checks are local, the effect of the merger on the
proportion of on-us checks is small. That the share of on-us checks remained virtually unchanged
from 1979 to 2000 as extensive consolidation of depository institutions both within and across
regions was taking place suggests that other, behavioral changes in checkwriting offset the effects
of consolidation.

One such change likely was the way account holders obtain cash: In the 1970s, account holders
commonly obtained cash by cashing checks at the counter of their own banks; since then, the use
of ATMs to obtain cash has increased dramatically, reducing the use of checks for this purpose.
Several factors in addition to the effects of consolidation or banking concentration may affect the
probability that a check paid by a particular institution is an on-us check. These include the extent
of branching, the range of customers served, and the extent of business activity of account holders
with non-local payment counterparties or financial institutions.

A comparison of the proportions of on-us checks paid in 2000 reveals some patterns among
depository institutions of different types and sizes. Among commercial banks, the proportion of
on-us checks was greater for larger institutions than for smaller institutions. Among credit unions,
however, no relationship between size and proportion of on-us checks was evident; as a group,
credit unions had the smallest share of on-us checks, consistent with the finding that in 2000,
the share of consumer checks for which the payee was also a consumer was relatively small (23
percent). The estimated proportion of on-us checks for small savings institutions was large relative
to the proportion for large savings institutions, possibly because of the types of communities the
smaller institutions serve. In fact, many community banks reported a large share of on-us checks.

The 1979 study also found a large share of on-us checks among community banks.

4.3.3 Returned Checks

Because an account has been closed, funds in the payer’s account are insufficient, or another reason,

some checks presented to a paying institution are returned unpaid to the collecting institution. An
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estimated 251 million interbank (non-on-us) checks were returned in 2000, about 0.85 percent of
interbank checks paid, or 8.5 checks out of every 1,000 interbank checks paid (table 4).9 This
estimate is an upper bound on the number of returns, as some checks may be returned more than
once, leading to some double counting.10 The estimated proportion of checks that are returned
unpaid appears to vary by type and size of depository institution. Credit unions as a group had the
highest return rate (10.3 checks returned for every 1,000 paid), suggesting that interbank checks
written by consumers are returned more frequently than are those written by businesses. The

estimated average value of a returned check in 2000 was $700.

4.3.4 Variation in Check Use by Region and Urbanization

The size and diversity of the sample of depository institutions were sufficient to estimate the num-
ber and value of checks paid in 2000 for four broad regions of the country—Northeast, South,
Midwest, and West. The apparent variation among regions can be explained in part by popula-
tion size and level of economic activity 4. Differences persist after controlling for those variables,
however, an indication that regional differences may be associated with other factors, such as the
availability of and willingness to use payment instruments other than checks. By number of checks
paid per capita, the Midwest led the regions, followed by the South, West, and Northeast. By value
of checks paid per capita, the Northeast led, followed by the South, Midwest, and West. Thus, no
region stood out as the greatest user of checks by both number and value.

Nonetheless, some differences among regions appear to have been large. For example, the
number of checks paid per capita was 27 percent higher in the Midwest than in the Northeast, and
the value of checks paid per capita was 47 percent higher in the Northeast than in the West. The
Northeast had the lowest number of checks per capita, the lowest number of checks per $1,000 of
output, and the highest average check value. In addition, the Northeast had the lowest number-to-
deposits ratio. The smallest region as measured by area and population size, the Northeast includes
New York State, which is home to a significant concentration of financial and corporate activity.
This activity appears to have had a large effect on checks and deposits in the region. For example,
average check value for the region was more than 20 percent lower when New York State was
excluded from the calculation, bringing the average value for the rest of the Northeast closer to the
average values for the other regions.

Interestingly, the average check value and value-to-deposits ratio for depository institutions
operating only in the Northeast (single-region institutions) were considerably lower than for insti-
tutions operating in the Northeast and at least one other region (multi-region institutions). Among
single-region institutions, those in the Northeast and Midwest had the lowest average check values
and value-to- deposits ratios, suggesting that these institutions were used less frequently for paying

larger-value business checks. Correspondingly, the very high average check value and value-to-
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deposits ratio for multi-region institutions operating in the Northeast suggest that these institutions
were used more often than others for paying such larger-value business checks.

The Midwest, the region with the largest number of depository institutions per capita, had the
highest number of checks per capita. The West had the smallest value of checks per capita and
per $1,000 of output, possibly indicating that payers in the region, perhaps led by businesses, had
a greater propensity to replace higher-value checks with electronic payments. The South had the
highest value of checks per $1,000 of output and a value-to-deposits ratio similar to that for the
Northeast, suggesting that checks were used by businesses more often in these two regions than in
the other regions.

Almost 80 percent of checks were paid using transaction deposits located in urban areas (table
5).12 On a per capita basis, however, the number of checks paid was more than 14 percent higher
in rural areas, perhaps because of lesser availability of or willingness to use electronic payment
alternatives. The average value of rural checks was about 30 percent lower than that of urban

checks.

4.4 Payments by Households

An estimate of the average number of check payments made monthly by a household in 2000 can
be estimated from data collected in the survey on check use. Because of the nature of the data
from the electronic payments survey, however, a household average for retail electronic payments
cannot be estimated without making assumptions. A large proportion of credit and debit card
payments are likely made by households, although businesses also use credit cards extensively,
and a large proportion of ACH payments are undoubtedly made by businesses and governments.
To estimate an upper bound for retail noncash electronic payments made by households, assume
that households made all debit and credit card payments in 2000 and were the payers for half of all
ACH payments. Under these assumptions, the average number of retail electronic payments per
household per month in 2000 would have been about twenty-one, or slightly more than half the
retail noncash payments per household per month in 2000.

For purposes of comparison, assume that in 1979, households made all retail electronic pay-
ments but half of all check payments. Under these assumptions, the average number of retail
electronic payments per household per month would have been about six, or about one-fourth of
the retail noncash payments made per household per month in 1979; check payments would have
accounted for the other three-fourths (about seventeen per household per month). Although the
number of checks written per household increased from 1979 to 2000 (in part because the number
of households with some type of checking account increased), electronic payments per household

as a proportion of retail noncash payments increased more than checks. The apparent increase
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in the share of retail electronic payments suggests that consumer checks have been replaced by
electronic payments to some extent. The increase in the estimated number of checks written per
household per month, however, suggests that further growth in electronic payments likely will

occur through the replacement of additional consumer checks.

4.5 Payments by Businesses and Governments

The use of electronic payments by businesses and governments has also increased since 1979.
Many businesses have adopted direct deposit of payroll, for example. The proportion of payroll
payments made via direct deposit rather than paper check increased from close to zero in 1979
to about 50 percent in 2000. Some businesses have also begun to experiment with programs for
converting checks to electronic payments at point-of-sale locations and for the processing of bill
payments. In addition, a number of businesses are seeking ways to combine electronic payment
processing with invoicing, which could reduce the number of check payments. The U.S. Depart-
ment of the Treasury now makes most of its payments using the ACH (though federal government

payments constituted only about 1.5 percent of all retail noncash payments in 2000).

4.6 Large-Value Payments

In addition to the retail payments that are the focus of this article, some very large payments,
including federal government and business payments once made by check, are now made using
large-value funds transfer systems. Increased use of these systems helps explain the decline in the
average value of checks from $1,544 in 1979 to $925 in 2000. Relative to retail noncash payments,
payments made using these systems are few in number but tend to be large in value. From 1979 to
1995, the rate of growth of large-value payments by number was similar to that for retail electronic
payments. From 1995 to 2000, however, the number of retail electronic payments grew more than
twice as fast as the number of payments processed by the large-value funds transfer systems. Some
payments made using large-value funds transfer systems replaced some larger-value business and
government payments made by check, and this switch apparently had a significant effect on the real
value of check payments over time. One large scale change in business practices that motivated
the replacement of some large-value checks was the switch to same-day funds for the settlement

of trades between securities dealers in the U.S. equities markets in 1996.

4.7 Noncash Payments in Other Countries

A look at noncash payments in other countries provides some perspective on the use of checks and

electronic payments in the United States. Compared with other industrialized economies—Japan,
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the European Monetary Union (EMU), the United Kingdom, and Canada—the number of noncash
payments of any type per capita is considerably higher in the United States, as is the number of
check payments per capita (Figure 15). The number of electronic payments per capita is also
higher in the United States, though not substantially so. Detailed data (not shown) indicate that the
number of electronic payments per capita in some countries of the EMU, such as Finland, Germany,
and the Netherlands, is higher than in the United States (similarly, the use of electronic payments
may be greater in some regions of the United States than in others). The number of noncash
payments per capita is higher in the United States than in the other economies mainly because of
the more extensive use of checks. Given the very low level of noncash payments per capita in some
countries, it appears likely that cash is used more extensively in these countries than in the United
States. Some researchers have argued that in the 1980s and 1990s, the number of payments by
cash was lower in the United States than in other countries (Hancock and Humphrey, 1998). If that
is true, measures of the importance of checks as a share of noncash payments may overstate the
relative use of paper-based payment instruments in the United States. Without reliable measures of
cash use, however, a comprehensive comparison across countries of the extent to which electronic

payments have replaced paper-based payments (mostly cash and checks) is not possible.

5 Conclusions and Future Directions

Statistical estimates indicate that the number of checks paid in the United States rose from 32.8
billion in 1979 to 49.5 billion in 1995 but declined to 42.5 billion in 2000. These three estimates
suggest that the total number of checks paid per year peaked in the 1990s. Despite the apparent
decline since 1995, the number of checks paid remained higher in 2000 than in 1979. The estimated
value of checks paid declined from $50.7 trillion in 1979 to $39.3 trillion in 2000, suggesting that
electronic payments have increasingly replaced larger-value checks. Moreover, although the real
value of transaction deposits declined slightly from 1979 to 2000, the decline was not as great as
the decline in the value of checks paid, a further suggestion that electronic payments originated
from transaction deposits likely replaced check payments.

The number and value of checks paid vary among institutions in interesting ways. The average
value of checks paid, as well as the intensity of check use, differs by type and size of institution,
reflecting in part the types of customers served. Differences also exist according to geographic
region. Generally, the per capita value of checks paid is highest in the Northeast, and the number
of checks paid per capita is highest in the Midwest. In addition, the number of checks paid per
capita apparently is greater in rural areas than in urban areas. These differences suggest that, while
many businesses and consumers have converted to electronic payments in significant numbers,

many others have not significantly changed their use of checks.
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Figure 15: International comparison of electronic payments and checks per capita. Data for the United States are
from 2000. Data for all other countries are from 1999. More recent data for all countries but the United States were
not available when the chart was constructed.. Includes both wholesale and retail payments. EMU includes Belgium,
Germany, Spain, France, Ireland, Italy, Luxemburg, Netherlands, Austria, Portugal and Finland. Sources: European
Central Bank, Blue Book, and Bank for International Settlement, Statistics on payment systems in the Group of Ten
countries.
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In the aggregate, the trend in the intensity of check use is difficult to interpret. Changes in the
use of sweep accounts over time, in particular, may affect this measure.

Checks collected through the Federal Reserve Banks peaked in the mid 1990°s. The proportion
of checks processed by the Reserve Banks may fluctuate over time and is not necessarily indicative
of the trend in total checks. Nonetheless, this independent measure of check collection activity
is consistent with the apparent rise and subsequent fledgling decline in the number of checks paid
during suggested by the estimates presented in this paper.

In the late 1960s, a “checkless society” was envisioned in which bill payments would be initi-
ated by telephone via plastic card readers on telephones, or by keying in “national transfer num-
bers,” and point-of-sale purchases would be made with plastic debit cards (7he Checkless Soci-
ety, 1967). The vision for bill payment has not taken hold, while the vision for point-of-sale
purchases is much like what we see today. While the much anticipated decline in the use of
checks appears to have arrived, the data do not suggest a rapid and mass abandonment of the
well-established and reliable check as a premier payment instrument.

Although the number and value of checks may have begun to decline, it appears likely that
checks will continue to play a significant role in the U.S. payment system, particularly when elec-
tronic payments are not well suited for meeting consumer or business needs. New technology,
however, for converting checks into electronic payments, or for collecting checks electronically
while still allowing businesses and consumers to write paper checks has begun to take hold. The
collection of checks via electronic images, still in its infancy, promises to allow the continued re-
duction of costly physical check processing without pushing costs onto consumers, businesses, and
industry where conversion to another type of payment would be impractical.

While the reduction in the number of paper checks is inevitable in the long run, short run
decisions by various payments system participants must still involve the weighing of the costs
and benefits of different payment and processing alternatives. Given the excess capacity for paper
check processing that could exist due to recent declines in check use, the speed at which checks will
be replaced by electronics is still uncertain. A new survey of depository institutions by the Federal
Reserve Bank of Atlanta, now under way, will attempt to help resolve some of the uncertainty
concerning the rate of decline in the number of checks, and the replacement of electronic payments.
That survey has an expanded questionnaire which includes the number and value of electronic
payments in addition to checks. Such information will improve the ability to measure trends in the
replacement of checks in the future. The survey will also improve the ability to relate the share of

checks and electronic payments to other characteristics that vary across depository institutions.
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Sampling Freq. Est. Number (Bil.) Value ($Tril.) Mean
N n  Freq. Wat. Est. S.E. | Est. S.E. | Value

Commercial banks
2008 74 0.037 25.270 0.739  0.120 0.419 0.094 566

2041 116 0.057 17.631 2.100 0.475 1.562 0.474 743

1399 153  0.109 8.804 2.246  0.124 1.469  0.096 654

846 175 0.207 4.769 2.470  0.175 1.859  0.126 753

329 172 0.523 1.918 1.79  0.081 1.571  0.078 878

166 113 0.681 1.152 | 12.772 0.538 | 17.307 1.139 | 1356

7 7 1.000 | 10.900 12.363  0.000 | 1134

6796 810 33.016 0.763 | 36.549 1.249 | 1107

Credit unions
3192 22 0.007 150.302 0.360  0.048 0.053  0.009 148

1742 54 0.031 32.900 0.971  0.097 0.158 0.016 162

721 78 0.108 7.735 1.012  0.071 0.185  0.006 183

343 111 0.324 3.065 1.167  0.038 0.230  0.007 197

104 76 0.731 1.315 1.029 0.027 0.214 0.004 208

2 2 1.000 0.207 0.043  0.000 209

6104 343 4.745 0.137 0.883 0.021 186

Savings institutions
894 18 0.020  34.302 0.707  0.172 0.202  0.027 286

346 61 0.176 4.805 1.060  0.125 0.431 0.036 407

36 15 0417 2.430 1.152  0.122 0.492  0.079 427

3 3 1.000 1.072 0.427  0.000 399
1279 97 3.991 0.245 1.552 0.091 389
Subtotal 14179 1250 41.751 0.813 | 38.984 1.252 928
U.S. Treasury 0.262
Postal MO 0.230
Anomalous Banks 6 6 1.000 0.275 0.011  0.000 41
Total 14185 1256 | 42.518 0.813 | 38.995 1.252 |

Table 1: Estimates for 2000 in the original published study . N is the number of depository
institutions (DIs) in the population, n is the number in the sample, Freq. is the proportion of
DIs in the sample, Est. Wgt. is the weight used to expand the sample to the population, and for the
number, and value Est. is the point estimate and S.E. is the estimated standard error of the point
estimate. The mean value of a check is the ratio of the estimated total value to the estimated total
number.
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Estimate Confidence interval
Type Est.  S.E. L.B. Mean U.B.
Commercial Banks | 32.775 0.625 31.605 32.695 34.005
Credit Unions 5.247 0.144  4.948 5.224  5.523
Savings Institutions | 4.090 0.250  3.557  4.038  4.523
Total 42.112 0.688 40.609 41.957 43.305

Table 3: Nonparametric estimates of the number of checks using total deposits as covariate with bootstrapped
standard errors and confidence intervals. The boundaries for the 95 percent confidence intervals by type are taken to
be the 25th (L.B.) and 975th (U.B.) largest value for the 1000 repetitions used for the bootstrap. The standard deviation
for the total is estimated as the square root of the sum of the bootstrapped variances. The confidence boundaries for
the total are estimated as plus and minus 1.96 times the estimated standard error.
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Number (billions) Growth (percent, annual rate)
Type of payment | 1979 1995 2000 1979-95 1995-2000 1979-2000

Checks 328 495 425 2.6 -3.0 1.2
Electronic 55 147 289 6.3 14.6 8.2
Debit cards 0.0 1.4 8.3 41.8
Credit cards
General-purpose 1.5 7.8 123 10.9 9.5 10.5
Private-label | 3.8 2.6 2.7 -2.3 0.9 -1.6
Retail ACH | 0.2 2.8 5.6 19.0 15.1 18.0
Total 383 642 715 33 2.2 3.0

Table 6: Number and rate of growth of retail noncash payments, selected years. Estimates for
the number of electronic payments in 2000 are from the Electronic Payment Instruments Study.
Estimates for 1995 and 1979 were derived from industry sources.

Number Value PCD

1979
Commercial banks 314 na. 744
Credit unions 03 n.a. 4
Savings institutions 0.3 n.a. 4

All depository institutions 320 496 752
U.S. Treasury checks and

postal money orders 0.8 1.1
Total 32.8 50.7
1995
Commercial banks 42.0 na. 855
Credit unions 3.5 n.a. 34
Savings institutions 34 n.a. 64
All depository institutions 48.9 n.a. 953
U.S. Treasury checks and
postal money orders 0.7 0.6
Total 49.5 n.a.
2000
Commercial banks 333  36.6 602
Credit unions 4.7 0.9 51
Savings institutions 4.0 1.6 62

All depository institutions 420 39.0 715
U.S. Treasury checks and

postal money orders 0.5 0.3
Total 425 393

Table 7: Number and value of checks paid, by type of institution, selected years
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