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Households and businesses in the U.S. prefer to use checks over less costly means of
payment. Earlier studies have focused on check “float” as an explanation for the continued
popularity of this seemingly inefficient technology. We construct a general equilibrium
model of check payment and show that the presence of float does not necessarily lead
to inefficiency. However, we also identify two potential sources of inefficiency associated
with check float: (1) if float is not always priced, then it acts as a distorting tax, and (2)
inefficiencies can result if people engage in costly activities designed to accelerate check
presentmentJournal of Economic Literatur€lassification Numbers: E58, G21, G28.
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1. INTRODUCTION

Payment by check is by far the most popular form of noncash payment in
U.S. In 1996, 65 billion payments or roughly 74% of noncash payments were m
by check. The value of all checks written in 1996 was $75 trillion, composing abc
87% of “small-value” or “retail” non-cash paymerits.

While popularity of check payment is beyond dispute, its efficiency is not. We
(1996, 5) estimates that the average cost of a payment by check averages rol
$1.60 more than the cost of a payment made electronically via the Fed’s autom
clearinghouse (ACH) system-$2.90 per payment by check vs $1.30 per payn
by ACH in 1993 dollars, when the costs of all parties are taken into acéour
Yet despite this cost disparity and despite increased opportunities to use A
and other electronic forms of payment, checks have remained the predomil
form of noncash payment in the U.S. And by some measures, the popula
of check payment has actually increased in recent years (see Hungthaky
1996).

Does this continued use of an apparently inefficient means of payment consti
a market failure? According to an influential study (Humphrey and Berger 199
the answer to this question is “yes.” Humphrey and Berger identify chieck
as a potential cause of market failure. Float is defined as the time lag betw
the receipt of a check as payment and its clearing. Until the check clears,
writer of the check has access to the funds and can earn interest on these f
Ceteris paribusthe presence of float leads to a transfer of interest income frc
the receiver of the check to the check writer. A sufficiently large transfer cot
lead to a preference for using checks over electronic methods of payment wi
are not subject to float. Using 1987 data, Humphrey and Berger estimate tha
average amount of the float transfer more than compensates for the cost adval
of ACH over checks.

Humphrey and Berger’s characterization of check float is challenged by We
(1996). Using 1993 data, Wells estimates that the average value of check f
has fallen quite dramatically in recent years, i.e., from $1.04 per check in 198
$.09 per check in 1993. The decrease in the average float value has resulted
reductions both in check processing lags and in nominal short-term interest re
Since the average value of float is small relative to the differential in average c
between payment by check and payment by ACH, Wells argues that check f
cannot be a source of “market failure” in the market for payments.

2Figures are from Bank for International Settlements (1997). “Small-value” payments exclt
“large-value” payments made over the Fedwire and CHIPS networks.

3The estimates by Wells are necessarily imprecise, since in the U.S. case, little is known al
certain types of check processing costs. Flatraaker and Robinson (1995, 324) report the result:
1994 Norwegian survey of costs for various payment instruments. They find the average cost (a
bank level) of a check payment to be roughly $2.15, whereas the average cost of an ACH-like pay:
is put at $.92. The implied electronic payment/check cost ratio (0.43) is very similar to that repor
by Wells.
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A potential limitation of the analysis in this area has been the partial-equilibriu
nature of its theoretical underpinnings. For example, both Humphrey and Ber
(1990, 51) and Wells (1996, 4) characterize float as a pure transfer of inco
from the check receiver to the check writer. As noted above, this is true in
partial equilibrium sense. In general equilibrium, however, it stands to reason t
beneficiaries of float will use their additional income to income to bid up prices
the goods they wish to purchase, causing prices to adjust in general equilibrit
and potentially leading to distortions in the absence of complete markets.

Below, we present a model that allows an examination of float in a gene
equilibrium environment. The model is an adaptation of Freeman’s (1996a) mo
of banknote issue. While the model is highly stylized, it incorporates some relev
features of the U.S. banking and payments systems. Using the model, we adc
the following issues:

e Under what circumstances does float have allocational consequence
general equilibrium, and what is the nature of these consequences?

e When float introduces allocational distortions, what are the welfare imp
cations of costly efforts to reduce float?

o Is float a reason for the continued use of checks?

Our findings are as follows. First, if float is sufficiently widespread (though n
universal) throughout the economy, then it may have no effect on equilibrium .
locations. That is, the income effects of float may be entirely offset by substituti
effects.

Second, a combination of par check valuation and differential clearing lags «
cause float to have allocational consequences. In this case, float inflates the rel
prices of goods which are purchased with checks drawn on remote locations.
effect is a distortion of relative prices rather than a transfer.

Third, we show that if costs must be incurred in order to reduce float or “acc
erate presentment,” then presence of such costs can result in welfare losses \
banks cannot cooperatively agree on an allocation of float benefits. This findin
consistent with the views advanced by Humphrey and Berger (1990) and Lac
(1997a) that such activities are socially costly.

Finally, we argue that the second and third results, when taken together, im
that float may be a significant factor behind the continued use of checks. If
one were a net beneficiary of check float, then the third result implies that th
would be an incentive for check users and their banks to cooperatively agret
give up the benefits of float. This could be done by altering rules for cleari
checks (as has been done in other countries) or by adoption of a different payn
technology. On the other hand, as long asrtieginal value of float is high for
some check writers, as is implied by our second result, securing such a cooper:
agreement would be more difficult, even though the value of float might appe
inconsequential when averaged across all checks. This view is consistent with
original Humphrey—Berger (1990) view that float is an important motivation fc
the continued use of checks. However, this view is also consistent with Well
(1996) finding that the average value of float is small.
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2. THE MODEL

2.1. Institutional Environment

A formal model of check float requires certain key ingredients. First, the moc
must contain an environment in which economic agents have an incentive
trade, i.e., an “Edgeworth box.” Second, since changes in float by definition
volve changes in the allocation nbminalinterest income, the model should in-
corporate a role for money, i.e., prices should be allowed to vary endogenousl
response to changes in monetary policy or in the design of the payment sys
Third, there should be a role for “checks,” i.e., transfers of inside money or p
vately issued debt, as a medium of exchange. Fourth, in order to model age
incentive to capture the benefits of float, the model should provide a role both
non-interest-bearing government debt or outside money and for interest-bea
assets such as government bonds.

To produce a model with these features we will adapt Freeman’s (1996a) mo
in which spatially separated agents make payments using privately issued deb
employing this model, we are following the tradition of the monetary literatur
in which a spatial separation friction is taken as a convenient metaphor for ot
potentially more complicated frictions that could lead to the use of money a
medium of exchangg.

There are a number of formal distinctions between our setup and Freemz
These distinctions result from our placing certain institutional constraints on 1
model environment. The constraints are intended to mimic some noteworthy 1
tures of U.S. banking and payments institutions, particularly as they apply to
use of checks as a payments medium.

First, as in Freeman’s model, agents in our model will make payments us
inside money. However, in our model, only banks may create inside money, :
inside money cannot be issued in circulating (banknote) form. Instead, ins
money can only be created as demand deposits at banks. When a demand d
claim is transferred in order to make a purchase, then the transfer must be cle
through the banking system in order for the purchase to be valid. This restrict
is designed to mimic historical restrictions on private banknote issue.

Second, outside money serves a special role in our model. That is, outside m¢
will be the only acceptable medium for settlement of interbank transactions, wi
the transactions do not take place through a private arrangement. While settler
in outside money is not a legal requirement in the U.S., it is common expectat
and ade factorequirement that such transactions be settled in outside func

4 The spatial separation restrictions are basically a prohibition on the issue of certain types of det
that purchases cannot be paid for with simple IOUs. Some recent papers which use spatial-sepa
monetary models to analyze payments issues include Freeman (1996b), Green (1997), and L
(1997b).

51n models where banks can hold risky portfolios, settlement on the books of a central bank (
in outside funds) can be value-enhancing if settlement arrangements allow for some risk-shifting f
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This requirement will not hold for interbank transactions made through a prive
clearing arrangement.

Third, we take as a legal requirement that checks must be honored at par valt
interbank exchange. More specifically, a paying bank must honor a check drawr
one of its accounts at par, or face value. This restriction has applied to virtually
interbank exchanges in the U.S. since the 1920s. Before that time, it was comr
for paying banks to discount checks presented by banks from outside the Ic
banking market, a practice known as “nonpar banking.”

Fourth, in keeping with U.S. banking history, we assume that banking mark
are “geographically dispersed” and that banks are prohibited from branching i
all banking markets. Further, banks cannot form private clearing organizatic
across all banking markets.

Finally, Freeman (1996a) assumes that clearing across locations is costles
Section 5, we explore the consequences of allowing agents the option of co
accelerated check presentment. We assume that all such costs are borne b
bank (and ultimately the depositor) that is presenting the check for payment. T
is again consistent with current U.S. practice.

2.2. Preferences, Endowments, and Technology

Following Freeman (1996a), the economy takes pladephisolated locations
known as “islands,” wher¢ is a large, even number. The firsislands are each
inhabited by a large number of two-period-lived people. On each isldnuew
people are born in each periad~ 1. In the first period there is a group of
people (the “initial old”) who live for only one period. Each person born on on
of these islands is endowed when young withnits of a good that is unique to
that island. The good is not transportable across islands and is nonstorable ir
sense that it vanishes at the end of the period if not consumed. People wist
to make transactions will journey to other islands in order to obtain their desir
consumption good.

The firstl islands are split into “archipelagoes.” An archipelago will define
local banking market. Each archipelago contains an equal number of two type
islands, “debtor” and “creditor” islands (see Fig. 1).

People born on debtor islands (“debtors”) wish to consume some of their o
endowment good and also the good of a creditor island when young, and notf
when old. On every debtor island, some debtors may want to consume crec
goods found on creditor islands within their own archipelago, and others may w
to consume creditor goods found on creditor islands of other archipelagoes.
utility of a debtor is given by(c;, d;), wherec; represents the debtor’'s consumption
of the creditor good, and; the consumption of their own endowment good.

commercial banks to the central bank. This incentive is modeled by Emmons (1995) and Kahn
Roberds (1998). This incentive cannot be captured in the setup described below, since banks
riskless portfolios.

6 Duprey and Nelson (1986) chronicle the transition from nonpar to par payment of checks.
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Banking Market 1

Banking Market 2

FIG. 1. Movement of agents in the model.

People born on creditor islands (“creditors”) wish to consume some of th
own endowment good while young, and also wish to consume a good found
a particular debtor island while old. In contrast to debtors, creditors never w
to buy goods from outside their own archipelago. Creditors also cannot direc
consume debtors’ endowment goods. A debtor's endowment must first be tr:
formed by a production process (described below) before it can be consumet
creditors. A creditor’s utility is given bwy(C;, D¢1), whereD;,; represents the
creditor’s consumption of the debtor good, adrepresents the consumption of
their own endowment good. The utility functions of both the debtors and credit
are sufficiently well-behaved so that interior optima obtain for both types.

The (I +1)stisland is known as the “central island.” On the central island the
are commercial banks (“banks”), a central bank, and a government. Banks
infinitely lived, and their utility is given by) ">, f'e: wheree represents period
t consumption ang is a discount factor. Banks are endowed with technologie
described in more detail below, that allow them to keep perfect records and “cle
payments across islands and archipelagoes. However, due to branching restric
not every bank can offer banking services to every archipelago. In particular, e
bank can offer banking services to (“have a branch on”) only a fraction of t
archipelagoes. Bank branches are also endowed with a production technology
can transform debtors’ endowment goods into goods that can be consume
creditors. The production process converts one unit of endowment into one un
a consumption good.

In addition to record-keeping and production technologies, banks are endo
with an initial stock of one-period-maturity government borgisand an ini-
tial stock of central-bank-issued fiat mon®ly. Fiat money cannot be counter-
feited, is unbacked, and can be costlessly exchanged. Fiat money is “intrinsic

7 To reduce notational clutter, all quantities are per capita.
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useless,” but as discussed above it has a special function in settlement of intert
obligations. Government debt has the same properties as fiat money, with two
tinctions. First, debt pays a gross nominal interest Ratger period. Second, debt

cannot be used to settle interbank obligations.

The initial old creditors on the creditor islands are endowed with claims th
aggregate tdMo + Bo, the sum of the initial assets owned by the banks.

The stock of outstanding government debt is financed via seignorage. In ste
state, the central bank purchases sufficient government bonds in each perio
that the stock of outside money expands at a constanrpée period. Assuming
that the government runs a deficit net-of-intei@stits budget constraint is given

by
Bi = RBi_1 + G — (M{ — M;_1). 1)

If Gy is nottoo large and grows at a ratén steady state, (1) can be solved forwarc
in the usual way (see, e.g., Sargent 1987) to yield

A+
-

Bt

(WMo — (1 + 1)Go), (2

where in steady statB® = R> 1 andr = R — 1> u.8 In steady state, the gov-
ernment budget is balanced in a net-present-value sense, and the constant ra
money to bonds is given by

M _ (r — u)Mg
Bt uMo— (14 u)Go

3)

In what follows, we will restrict our attention to the special case where the go
ernment budget is balanced net of interest, imply@&g=0 and a steady-state
money-bond ratio given by

(4)

2.3. Trading

As in Freeman (1996a), each period will consist of three stages. In the fi
stage, new debtors and creditors are born, receive their endowment good,
consume as much of their endowment good as they desire. In the second st
young (generation) debtors and old (generatian— 1) creditors travel to other

8 In other words, we are analyzing “dynamically efficient” equilibria in which the real interest ra
(r — n) exceeds the growth rate of the economy (zero). For recent analyses of related models w
consider dynamically inefficient equilibria in OG settings see, e.g., Espinosa and Russell (1996
Bullard and Russell (1997).
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islands in order to consume their desired creditor and debtor goods, respecti
We assume that this travel takes place in a uniform and symmetric fashion
that there are always the same number of people on every island. In the t
stage, debtors and creditors consume the goods of the islands they have tr
with.

This setup generates a role for money as a medium of exchange since bar
physically impossible. Outside money alone is insufficient for exchange since
young debtors must travel to remote islands before they have a chance to exch
their endowment good for money. Exchange is possible, however, if young deb
can exchange debt claims for creditor goods and if there is a technology for me
toring and enforcing (“clearing”) the transfer of claims. Banks have access to s|
technology and this allows exchange to occur.

Debtors are legally precluded from paying for their purchases by issuing o
IOUs. Instead, debtors must draw on their bank deposits by writing a check. T
obtain these deposits by depositing a portion of their endowment good with a Ic
bank. The bank transforms the endowment good into a form that can be consu
by creditors? A check cannot circulate: to be a valid form of payment, it must b
cleared and settled through the banking system. In order for consumption to o
at the third stage of each period, clearing and settlement must take place at the
of the second stage in each period.

Clearing involves presentation of the check to the bank on which it is drav
We will initially assume that all checks clear immediately after they are deposit:
at a zero operational cost. Banks do not have to physically meet to clear che
Settlement of a check payment occurs when the paying bank transfers asse
equal value to the collecting bank. Unlike clearing, settlement requires some de
of physical proximity. Settlement can occur in two ways. If the banks involved &
members of a local (i.e., archipelago-wide) clearinghouse, then the banks in
clearinghouse can immediately settle on a net basis. In symmetric equilibrit
each bank’s net position against all other banks in the clearinghouse will be z
so no assets need change hands for settlement to occur. Likewise, if the pa
bank and the collecting bank are the same bank, or are branches of the same |
then the transaction is “on-us” so that assets are not exchanged.

Restrictions on branching imply that the banks cannot form economy-wide cle
inghouses, however. Instead, a certain fractioof check payments presented to
each bank are always from banks outside the “local” clearinghouse. Such paym
must be settled by transfer of outside money to the presenting bank. To settle t
payments, banks meet on the central island after local settlement has occurred
settle via exchange of outside funds. Thus, at least some of the debtors’ purch
of creditor goods will be subject to this settlement constraint, which functions

9 For purposes of tractability, we assume that bank branches on debtor islands are willing to buy
sell local goods, so a better name for banks in this environment might be “zaibatsu.” We also ass
that depositors do not withdraw their bank funds in cash, although it is possible to modify the mc
to accommodate both cash and noncash payments (see Freeman 1996a, 113-114).
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a sort of cash-in-advance constraint and thereby generates a demand for ce
bank money®

Young creditors who receive check payments from debtors deposit these che
at a local bank. These creditors draw on their bank funds when they purch
debtor goods during the next period. Since creditors never travel outside their
archipelago, all checks written by creditors are settled either as on-us check
through a local clearinghouse.

To obtain the outside funds necessary for settlement of debtors’ checks, bz
trade among themselves (and with the central bank) in a bond market. This ma
takes place on the central island, at the beginning of the first stage of each pel
The banks’ demand for outside money in our model results from a combinatior
two frictions, i.e., spatial separation of banks and legal restrictions on branchi
which leave banks with no alternative but to settle some transactions in outs
funds. We note that the proportion of transactiansettled with outside money
need not be large, but only positive, to maintain the distinction between mor
and bonds and hence a determinate price ével.

3. COMPETITIVE EQUILIBRIUM

Suppose that there are sufficiently many banks’ branches on each island
that banks are “perfectly competitive” and earn no profits in equilibrium. Banl
compete with each other by offering depositors interest on deposits held more t
one period? Since equilibrium profits are zero, banks end up paying all profi
from their bond portfolio to depositors.

3.1. Equilibrium without Float

In this case, all checks written during a pertodre cleared and settled during
periodt. Interest on deposits therefore accrues to creditors. A fraaiiof the
debtors’ checks are written on banks sufficiently distant to require settlement
outside money.

In order to trade, a young debtor must have some funds on depositat alocal b
branch. The bank is willing to take some of the debtor’'s endowment as a depc
Thatis, if the debtor deposits— d; debtor goods with the bank, the debtor’s bank

101t would be misleading to characterize the model as a “cash-in-advance” model, however. A |
difference between the formulation above and standard representative-agent, cash-in-advance rr
(e.g., Lucas 1980) is that in our setup, some agents (debtors) are purely by chance subject to a bi
“settlement” constraint while others (creditors) are not at all subject to this constraint.

11In the actual U.S. economy, demand for outside money as a medium of settlement is small relz
to the overall volume of payments. On an average U.S. business day, noncash payments of rougt
trillion, including $2.5 billion in payments over large-value systems, are settled using less than ¢
billion in deposits held at the Federal Reserve.

12 For the moment we rule out any other form of competition among banks. We relax this restrict
below.
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balanceh; will be given by

he = (y — di) pr, )

where p; is the money price of a debtor good on a debtor island. The bud
constraint faced by debtors will thus be

yp =dept +he =+ cpy, (6)

wherep; is the money price of creditor good on a creditor island. The first-ord
condition for the debtor’s utility maximization problem will be

ve/vd = PY/ P, (7)

where subscripts indicate partial derivatives.

Creditors sell a certain portion of their endowment good while young, receivi
check payments in return. In the next period, they use the deposits plus acc
interest to purchase debtor goods. Hence a creditor’'s budget constraints are de

by

by =Cepp + 1t 8
lt(L+ ¢t) = Diraprst, 9

wherel; is the periodt bank balance of a young creditor, apdis the (contract)
interest rate on deposits. The first-order condition for utility maximization by
creditor is

Uc/Up = (P/P+1)(1 + 1) (10)

To solve for the equilibrium allocations, we make use of identities from the re
resentative bank’s balance sheet (under the zero-profit condition). Table | dey
the balance sheet of a typical bank at the various stages within a period, wher
entries are stated on a per-capita basis.

If the bank’s books balance at each stage within a period, then we can de
several useful relationships from Table I. First, from the stage 3 balance she
follows that the value of young creditors’ deposits equals the value of the ban
outside assets, i.e.,

I = M + Bx. (11)

Since the value of funds paid by debtors for creditor goods equals the value
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TABLE |
Representative Bank’s Balance Sheet (No-Float Case)

Assets Liabilitiest NW
Stage 1
BondsB; (1 + ¢t—1)lt—1 deposits of old creditors
Outside money NW (=0 in equilibrium)
Stage 2
BondsB; ht deposits of young debtors
Outside money (1 + ¢t—1)li—1 deposits of old creditors
Goods of young debtors worfiy (y — d;y)  NW (=0 in equilibrium)
Stage 3
BondsB; It deposits of young creditors
Outside monew NW (=0 in equilibrium)

funds received by creditors, it follows that at equilibrium
hy = I;. (12)

Finally, comparing the bank’s stage 3 balance sheet atitimés stage 1 balance
sheet at time + 1, we obtain

Mey1 +
1+ ) = oo

=1+ p). (13)

Condition (13) says that the interest rate offered by banks to young creditors v
be the average return on the bank’s portfolio, which in turn represents an aver
of the return on bonds and the return on money. The bank cannot pay credi
the rate of interest on bonds since it is required to hold some outside money
settlement purposes. To solve for the prigesand p;’, we substitute (11), (12),
and (13) into budget constraints (6) and (8) to obtain

M; + By
= —— 14
y—d (14)
« M+ B
pt_—Ct . (15)

Substituting the market prices for debtor and creditor goods into the first-orc
conditions (7) and (10), we obtain the conditions

Ve _ P _Yy—d
Ud Pt Ct
Uc

pf
- = 1 =
pt+1( o) (

Up

(16)

y_dt+1>< M + B

Yy — iyt
1+ =——= (17
Ct My + Bt+1> (4w C n
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Equations (16) and (17), together with the market-clearing condition
& +Dt=y=c+GC, (18)
determine the (stationary) equilibrium values of, €, C;, D;). Clearing of the

market for outside money requires that the demand for outside money as a se
ment medium equal its supply, i.e., that

Consistency of equilibrium thus requires that the money-bond ratio in (19)
identical to that implied by the present-value budget balance condition (4), i.e

r—u w r—u
=— = . 20
" 11050 . (20)

Inspection of equilibrium conditions (16), (17), and (18) reveals that the eq
librium values of ¢, d;, C;, D;) are unaffected by the growth rate of the mone
stock u, i.e., money is superneutral. The equilibrium allocation in this case
also efficient in the sense that it solves the “golden-rule” social planner’s probl
of maximizing a population-weighted sum of utilities in steady state, subject
resource constraints (18). This problem has the first-order condition

Uc/Up = ve/vg (21)

which is implied by equilibrium conditions (16) and (1%).

3.2. Equilibrium with Float

We now consider a version of the model where all young debtors buy good:
“remote” locations, i.e., in archipelagoes other than their own. Checks writter
these remote locations are assumed to take one period to clear, so that debtor
collectinterest on their deposits until their checks clear during the next period.
assume that these checks writtert are cleared and settled in the first stage c
periodt + 1. As before, a fractiom of these checks are settled by transfer of outsic
money. Checks written by creditors are cleared through the local clearingho
and clear within the same period.

13t should be emphasized that superneutrality of money and the optimality of competitive ec
librium are special-case results, which depend on the absence of a government deficit net of inte
In earlier versions of this paper, we analyzed cases where the government runs a positive defic
of interest and found that results concerning check float were not affected. For a general steady
analysis of the welfare effects of inflationary monetary policy, see Mulligan and Sala-i-Martin (199
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In this version of the model, the budget constraints for a representative det
are

yp = dipr + h (22)
he(1+ ) = ey (23)

A representative creditor has budget constraint
Vit = Cepf +ltr1 = Cipf + Diapria (24)

These budget constraints imply the following first-order conditions for the debt
and creditor, respectively:
ve/va = (P{/P)(L/(1+ ¢1)) (25)
Uc/Up = P{/Prs1- (26)
To solve for the equilibrium allocation, we adopt the same strategy as before
imposing balance sheet identities and then solving for market-clearing conditic
The representative bank’s balance sheet is given in Table Il. To opitaime note

that the amount of the debtors’ funds available for purchasing creditor goods
equal the value of the purchase; i.e., from Table I,

h(1+ @) = lig1 = M1 + Bpr = Gy (27)

which implies that

Mt + Biga
p=—— (28)
Ct
TABLE Il
Representative Bank’s Balance Sheet (Float Case)
Assets Liabilitiest NW
Stage 1
BondsB It = (14 ¢r—1)ht—1 deposits of old creditors
Outside moneyW NW (=0 in equilibrium)
Stage 2
BondsB; ht deposits of young debtors
Outside monew It deposits of old creditors
Goods of young debtors wortly(y — di)  NW (=0 in equilibrium)
Stage 3
BondsB; ht deposits of young creditors

Outside money NW (=0 in equilibrium)
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Similarly, the value of the young debtors’ goods purchased by the old credit
must equal the amount of deposits held by the old creditors, implying that

o= Mt B

VT (29)

Substituting the expressions for prices into first-order conditions (25) and (26)
exploiting the fact tha$; = u, we obtain

Ve _ pf =< Mey1 + Bigs )(y—dt):y—dt (30)
va  Pr(1+ ) 1+ (Mt + By) Gt Gt

Uc _ Ppf _<Mt+1+Bt+l>( y — b1 >_y_dt+l
Up Pt G Mi+1+ By a

(1)

Equations (30) and (31) are identical to equilibrium conditions (16) and (1
from the no-float model; hence they imply the same equilibrium allocation as
the no-float model. As was the case with the no-float model, in equilibrium mor
is superneutral and the equilibrium allocation is efficigntfe summarize these
results as:

PropPosITION]. If there are no clearing costs and the government budget
balanced net of interest, then float has no effect on equilibrium allocations and
first-best (golden rule) allocation obtains with or without float.

Float fails to have any effect on equilibrium allocations because the income eff
of transferring float from creditors to debtors is precisely offset by a substituti
effect. The debtors use their floatincome to bid up the nominal price of each crec
good by 10@.%. By contrast, the nominal prices of debtor goods are unaffecte
Hence, the relative price of debtor goods rises by an amount just sufficient to of
the income effect of the float transfer.

The analysis above assumes that banks can only compete with one anoth
offering higher interest rates on deposits. Historically, this is a justifiable restricti
since banks have been reluctant to charge explicit per-check fees to their depos
and have preferred to use minimum balance requirements and lower interest |
on deposits to cover costs associated with check payments (see Committe
the Federal Reserve in the Payments Mechanism 1998). More recently, howe
banks have been covering these costs by charging fees. In Appendix A, we ex
Proposition 1 to show that float does not affect equilibrium allocations in the cz
where banks can charge fees to cover the costs of settlement in outside fund:

14 Freeman (1996, 113) derives a similar result.
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4. REMOTE DISBURSEMENT

The analysis above implies a benign view of float. If delays occur in clearing a
settling checks, then this analysis suggests that markets can adjust so that the
associated with these delays are appropriately priced. Equilibrium allocations
unaffected by float and for the cases we analyze are also efficient.

Is this Panglossian view of float applicable to the U.S. payment system? We th
perhaps not. A potentially important friction results from the fact that lags in che:
clearing vary according to the distance between the paying bank and the collec
bank, yet the costs associated with such varying delays are not always price
the point of sale. Wells (1996) notes that in business-to-business payments,
effects of float are often subject to negotiation and may be internalized via priv
contracts. Such negotiation is rare when payments involve consumers, howe
perhaps due to the fact that the payments involved are often too small or infrequ
to offset contracting costs. Consider, for example, the case of an electric util
When the utility agrees to provide a large industrial customer with electricity,
is worthwhile for both the utility and the customer to negotiate precise terms
payment. On the other hand, it would be extremely impractical for the same util
to negotiate a customized contract with each residential or small business custo
Instead, these customers are offered a standardized contract without continget
for payment float.

Our model can capture the effect of unpriced differential clearing times if w
divide each generation of debtors into two classes, according to the time it ta
their checks to clear. For analytical convenience, we employ the version of
model without fees. The first class of debtors, known as “local debtors,” alwa
journey whenyoung to islands relatively close to their home markets. Hence che
written by these debtors at tintewill clear during period. The second class of
debtors, known as “remote debtors,” always journey when young to islands
remote markets. Checks written by young debtors to creditors on these ren
islands always take two periods to cléar.

If a creditor does not price the float, this gives an advantage to remote debt
The budget set of local debtors is constrained by the no-float equation (6), wi
that of remote debtors is constrained by the float equations (22) and (23). -
typical creditor sells to both remote and local debtors, at the same price. T
creditor’s budget constraint is given by

YR Yt = Cepf vt + Degaproa, (32)

wherey represents the average time- 1 value of payments received at time
The creditor’'s budget constraint says that the timie 1 value of the creditors’

15 An alternative interpretation, suggested by the analysis of Lacker (1997a), is that creditors
successful in accelerating presentment of checks to local debtors but not to remote debtors.
interpretation is discussed in more detail below.
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goods sold in periotlequals the value of goods purchased in petridlsymmetric
equilibrium, the creditor sellsc; to local debtors and (& A)c; to remote debtors,
where\ is the proportion of local debtors and primes denote consumption
remote debtors. Hence we have

_Ma(l490+(1L-NG _ e+ g)+(L—H)g

= = 33
! Ac + (1 — A)c y —Ci (33)

Budget constraints (6), (22), (23), and (32) imply the following respecti
firstorder conditions for local debtors, remote debtors, and creditors.

ve/va = P{/ P (34)
ve/vg = (P{/P)(L/ (14 ) (35)
Uc/up = (Pa/Pt) Y. (36)

Market-clearing conditions are given by

Mit+1 + Bit1
. 37
= e+ o)L A—Nd =7
o M: + B (38)

Ty —(1-Ad

Substituting the market-clearing conditions into the first-order conditions, we
tain the equilibrium relations

SeHE) e
3-(24)3)

ue _ <&> , (41)

Up

wherec, andd, are weighted averages of debtor consumption of creditor a
debtor goods, i.e.,

=1+ 1-2)¢ (42)
d, = Ad +(1—2)d. (43)

Conditions (39)—(41) imply that the “remote disbursement” equilibrium allocatic
differs from the efficient allocation so long as= (0, 1). Note that the equilibrium
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goes to the no-float equilibrium as the measure of local dehtgres to one and
to the float equilibrium a& goes to zero. Fax € (0, 1), however, the presence of
unpriced float leads to an inefficient equilibrium. Formally, we have

PROPOSITION2. Suppose that there are no clearing costs and that the gover
ment budgetis balanced net-of-interest. If only a fractian (0, 1) of debtors have
access to float, and float is not priced at the point of sale, an inefficient equilibri
results.

In general, the three equilibrium conditions (39)—(41) plus market-clearing &
insufficient to determine equilibrium values of (d;, ¢, d/, C;, D). However, the
remote disbursement equilibrium is easily solved for the special case where
utility of both creditors and debtors is time-separable and logarithmic, i.e.,

v(c,d) = logc + logd (44)
u(C, D) = logc + logD. (45)
For this case, the creditors’ and debtors’ demand for their respective endowrr

goods is price inelastic and given lpy2. Using this fact, we obtain the following
stationary equilibrium allocation:

C=D=d=d =y/2 (46)
_ y Y

‘CNra-narn "2 (47)
L A+ )y _y

T2+ (@ -N)QA+p) " 2 (48)

For positive rates of inflatiop, it is easy to show that the consumption of remote
debtors is increasing ik. As was the case in Section 3, fo<®. < 1, remote
debtors do not enjoy the full benefit of the float “transfer,” but bid a portion of th
benefits away in the form of higher prices for creditor gods. As the proportion
remote debtors grows andfalls to zero, the advantage of being a remote debtc
is increasingly bid away untd’ reaches its efficient valug/2.

We also note that for the log utility example, the average amount of check fle
in the economy is given by (& A)c' u, which is the measure of remote debtots (
proportion of checks written by remote debtors), times the amount of their chec
times the interest received by the remote debtors while they are waiting for tt
checks to clear. This figure can be quite smallig close to unity, yet the marginal
benefit of float to “remote debtors” can be quite large. On the other hand, a sn
average amount of float implies small price distortions and hence, that only sn
losses in aggregate welfare can directly result from float-induced price dist
tions.
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5. CLEARING COSTS

Humphrey and Berger (1990) and Lacker (1997a) point out another social «
associated with the use of check payment, which is the resource cost of activ
designed to generate or reduce float. The setup above can be expanded to c:
the effects of such costs.

Suppose, for example, that initially float is widespread in the economy a
that banks compete for deposits only with interest rates paid on deposits, so
the model of Section 3.2 supplies. Suppose further that a new check-proces
technology appears, so that at a real cosy ef y of the creditors’ endowment
goods per check, it is possible for banks to accelerate the presentment of
debtors’ checks. Once the new technology is employed, debtors’ checks c
during the same period they are written, and interest accrues to the credif
Hence, the correct marginal equilibrium conditions for this case are just the no-fl
equilibrium conditions (16) and (17). However, the market-clearing condition (1
must now be adjusted for the loss of endowment goods associated with accelel
presentment. That is, under accelerated presentment, condition (18) would
become

d+Di=y=c+C+vy. (49)

The equilibrium allocation implied by (16), (17), and (49) would clearly b
dominated by the optimal allocation resulting when there was neither float |
accelerated presentment (Section 3.2). That is, everyone would be better c
they could jointly agree not to accelerate presentment, and check float coulc
incorporated into market prices. Consider, however, the following result:

PROPOSITION3. Suppose that clearing is costless, except for accelerated p
sentment which incurs a cost of per check. Then for the log utility case, ac-
celerated presentment is sustainable as a noncooperative (Nash) equilibrium
long (1) banks collecting payments must pay the costs of presentment and (2
interest rate is sufficiently high.

Proof. See Appendix B.

Intuitively, accelerated presentment can persist because it generates a pr
benefit (i.e., it favors payees who receive earlier use of their funds), which offs
its private cost. Accelerated presentment is inefficient, however, because it ca
a positive social cost, but no social benefit.

There are a number of potential remedies for this inefficiency. The simpl
remedy would be increased cooperation among affected parties. In the cor
of the model, it would be to the advantage of both debtors and creditors if
costs of accelerated presentment could be avoided by allowing the creditor
negotiate a higher price for their endowment goods “up front,” in return for n
accelerating presentment, rather than attempting to obtain a higher price thrc
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accelerated presentment. In the case of business-to-business payments, the
and regularity of payments may be sufficient to offset contracting costs. On 1
other hand, such cooperation would be hindered by the lesser size and regul
of payments involving consumers, suggesting that some policy intervention n
also be necessary.

6. IMPLICATIONS

The analysis above shows that there may be both less and more to the prot
of float than has previously been thought. Proposition 1 shows that in general e
librium, the market can offer a natural remedy to the float “problem” through pric
effects. That is, to the extent that the buyers in a particular market are beneficia
of float, the market prices will adjust to offset the income effect afforded by floe
In the case where float beneficiaries and nonbeneficiaries are on the opposite .
of markets, income effects are perfectly offset by price effects. Thus, float may |
represent a transfer of real income. Depositors would give up nothing in terms
their real purchasing power if they were to agree to switch en masse from a forn
payment that allowed for float (such as checks) to a form of payment that did |
(such as ACH). Individual depositors, on the other hand, would lack an incent
to unilaterally give up their access to (unpriced) float.

Proposition 2 shows that if there is differential access to float by participants
the same side of a given market, and that if float is unpriced at the point of sale, tl
float-induced distortions can result despite low average values of float as repo
by Wells (1996). The last result suggests that float may remain a significant mot
behind the continued use of checks. Specifically, if the marginal benefit of flc
is high for some group of check-writers, these check-writers have no incenti
either collectively or individually, to switch to a form of payment that denies thel
this float benefit (again, as long this benefit is not priced at the point of sal
Other check-writers who are not the beneficiaries of float would also not gz
by switching payment systems, unless the check-writers who were generating
float were also to change payment systems. This view is more in keeping w
the “market-failure” characterization of check float advanced by Humphrey a
Berger (1990).

Proposition 3 shows that there can be another inefficiency associated with ch
float, which results from costly attempts to “win the float game” by acceleratir
the presentment of checks. Since, from Proposition 1, there is no corresponc
social gain, an inefficient outcome can result. As is the case with Proposition
there is no incentive for depositors to unilaterally switch to new, float-free forn
of payment.

What sort of policies might correct the two sources of inefficiency describe
above? An example of a successful policy for mitigating the effects of check flc
can be found in Canada (see Bank for International Settlements 1993, 61). Th
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banks receiving a check drawn on another bank at peribdt unable to collect
untilt+1, are retroactively credited with funds as of date other words, any dif-
ferences in the value of payments induced by delays in clearing are offset by me
of adjustments in the settlement process. These “as-of” adjustments automati
reallocate all gains from float to the collecting bank, rendering both remote c
bursement and accelerated presentment pointless, abstracting from concerns
credit risk and fraud.

A reasonable question to ask is why a policy of this type has not been imy
mented in the U.S. case. A superficial response would be that the U.S. banl
system is larger and more complex than Canada’s, so that implementation of a
jor change in check-clearing rules would require the cooperation and agreen
of a larger number of banks (and their depositors). However, if such a policy w
really Pareto-improving, we would expect it to be put in place eventually.

A more likely explanation, in our view, is that some depositors are able
successfully exploit the fact that for many types of transactions, float is unpric
As in the model of Section 4, this leads to welfare loss via a distortion, but also t
net gain for those depositors who are able to successfully exploit the system.
could occur despite the costly efforts of their payees to accelerate presentr
and deny them the benefit of float. Hence a truly Pareto-improving policy wot
require both the elimination of float and the compensation of “float beneficiarie
for the loss of their float-derived income.

Finally, we should caution that the analysis above is hot meant to imply that fl
is the only possible explanation for the continued use of checks. Other contribus
factors that have been suggested include the convenience associated with ¢
payment and the high initial costs with associated with moving from paper-ba:
to electronic payments. More detailed empirical analysis is clearly needed to
out the relative magnitudes of these effects.

APPENDIX A: EFFECTS OF FLOAT UNDER FEE COMPETITION

In the equilibria of Section 3, banks must pay an inflation tax. One way
deriving this tax is to compare the tinh¢end-of-period) market value of a bank’s
assets to the present value of its titne 1 assets, discounted by the interest rat
on bonds. Calculating the difference between the two yields an inflation tax of

M + B — (14 1) XMy + Brya) = ftT“’rt(Mt + B (50)

In the no-float equilibrium of Section 3, this tax is nominally borne by the credito
in the form of lower interest payments on their deposits. Since the tax results fr
actions undertaken by debtors, i.e., writing checks at remote locations, a pos:
response to this situation on the part of banks might be to charge fees to det
for the use of their checking accounts. All debtors are charged the same fee, <
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there is no way ex ante to tell which debtors’ checks will require settlement wi
outside money, and imposing differential fees on debtors ex post would amoun
nonpar banking.

Fee Competition without Float

Suppose that there is no float and that banks charge fees egmdl; ton a
debtor’s checking account having balamgeThen the time budget constraint of
a typical bank (aggregating across all stages within the period) is given by

Br + Mt + pr& + (1 — dr—1)lt—1 + (1 — o)y
=@+ri-1)Bi1+ Mg+ It + h, (51)

where uses of funds are displayed on the left and sources of funds are displz
on the right. Banks also face a settlement constraint

Mt — Cl)ht. (52)

If we substitute (52) into the bank’s budget constraint (51) and assume that
bank discounts its profits at the steady-state real rate of interest so that its disc
factor is given by = (1+ 1) /(1+r), then the bank’s objective becomes (in stead)
state)

L+ ((Q+1)B1 — Bi— (1+ ¢r-1)li-1 + It —w(hy — hi_1) + ahy). (53)
t=0

Differentiating (35) with respect th andh; and solving, we obtain
Gpe=r1 (54)

_or T —p
T l4r 141

Ot (55)
Conditions (54) and (55) imply that creditors are paid the full return on the banl
bond portfolior, while debtors bear the inflation tax associated with settleme
in outside money. These conditions also imply that the bank’s balance sheet |
Table 1) cannot balance at all stages during a given period. Specifically, the b:
cannot pay the interest raten creditors’ deposits equal to the sum of its outside
assets fI; + B;) and also balance its books at both stage 1 and stage 3 of e
period. If we adopt the interpretation that a “period” consists of a single tradi
day, then it is reasonable to require that the bank’s books balance overnight,
at stage 3, so tht= M; + B; =h;, asiin Egs. (11) and (12). The debtor’s budge
constraint (6) is replaced by

(I—a)(y—d)pt =h =cpf (56)



374 McANDREWS AND ROBERDS

The debtor’s first-order condition (7) becomes

Ve _ P (57)

V4 o pt(l - Oét) ’
Substituting (12) into the debtor’'s budget constraint (56), we obtain the mar
clearing condition for the debtor good (cf. Eq. (14))

o = M; + By
(L= o)y —dch)
Since creditors do not pay fees, the creditor’s first-order condition (10) and
market-clearing condition for the creditor good (15) are unchanged. Substitut

the market-clearing conditions (15) and (58) into first-order conditions (10) a
(57), using the fact thag; =r, we obtain

w B _(Mt+Bt)<(1_“t)(y_dt)>:y_dt (59)

(58)

e (A—a)p Ct (1 —a)(Mt + By) Ct

Uc o9 Mt + Bt> <(1 — a1y — dt+1))
—~_M" 1 = 1

Up pt+1( e < Ct My + B 4+

. (60)

(y— dt+1> ((Mt + Bt)(l—at+1)(1+r)> _ Y =G

C (Mt + B)(1+ ) C

where the last equality follows from the fact that & = (1+ w)/(1+r). Equilib-

rium conditions (59) and (60) are the same as (16) and (17) in Section 3, hence
equilibrium allocation remains the same. Here, two income effects—the charg
of fees to debtors and paying higher interest rates to creditors—are offset |
substitution effect. Relative to the no-fees case, the money price of debtor gc
increases by the real interest rate, compensating debtors for their loss of inc
from payment bank fees, and offsetting the creditors’ gain in interest income.

Fee Competition with Float

Suppose now that debtors are charged fees and bear the inflation tax as il
previous section, but that their checks take a period to clear, as in Section 3.2.
bank’s budget constraint now becomes

B+ M+ pr& + (L — dr—)le—1 + (L — o )(1 — pr_1)he_1
=@ +ri—1)Bi_1+ Mg + It + hy. (61)

Solving the bank’s optimization problem again yields conditions (54) and (5!
Since the bank charges fee$;, the debtor’s time budget constraint (22) is
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replaced by (56). First-order condition (25) becomes

Ve _ Pt
SN (62)

The bank’s end-of-period balance sheet requires
hy = M; + B. (63)

Since the time value of the funds expended by the debtors in petriedquals the
value of the funds received by creditors in period 1, we have

L+ ¢)he =1 (64)

Conditions (43) and (44), along with the budget constraints (23) and (56), imf
the market-clearing conditions

o = (Mi—1 + B—1)(1 + ¢—1)

y—d (65)
o = (M + B([;,[)(1+¢t)' (66)

We substitute market-clearing conditions (65) and (66) into first-order conditio
(26) and (62) and use the facts tgat=r and (1— at) = (1 + «)/(1+r) to obtain
the equilibrium conditions

v _ o =<(Mt+a)(1+r)>
vd Pt(1— o)1+ ) Ct
y—d -4
. ((Mtl N G a)> - ©7)

Up Pt+1

uc B ((Mc+B)(1+r) y — Oy Y-t
Ty _( o )((Mt+a)(1+r)>‘ o - 68

Once again equilibrium allocations are unchanged. Relative to the fee-competiti
no-float case, debtors’ additional interest income is offset by an increase in
price of creditor goods. Also, comparing the present case to the case with float
without fee competition (cf. price equations (28), (29), (65), and (66)) shows tt
allowing banks to compete by charging fees increases the nominal income of k
debtors and creditors, but does not change the relative price of their endowrn
goods.
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APPENDIX B: PROOF OF PROPOSITION 3

We first consider the case where creditors take advantage of accelerated pre
ment. In this case, appropriate equilibrium conditions are given by Egs. (16), (1
and (68). In the log-utility case (see Section 4 above), we can solve these equa
for the creditors’ equilibrium consumption of debtors’ goods and creditors’ goo
to obtain

y

D== 69
> (69)

y—v
C=—~". 70
5 (70)

In this case, the creditors’ utility is therefore given by

u(C, D) =logy + log(y — y) —2log 2 (71)

Suppose now that a creditor decides to deviate from this equilibrium by 1
taking advantage of accelerated presentment. Thettigemeration creditor does
not have to pay the cost of accelerated presentment but loses interest on d
payments. If all other creditors continue to use accelerated presentment, thet
deviating creditor’s optimization problem would be to maximize utility subject t
budget constraint from the “float case” (24), but where the equilibrium prices
creditor and debtor goods are determined by substituting the equilibrium quanti
from (69) and (70) into the no-float price equations (14) and (15). Solving for t
consumption of the deviating creditor we obtain

y2
= 72
o— @+ 0 (72
y

= = 7

C=3 (73)
The utility of the deviating creditor is given by

u(C, D) = 3logy — log(y — y) — log(1+ ) — 2log 2 (74)

For sufficiently largeu, i.e., a sufficiently highinterest rate, the RHS of (71) exceec
the RHS of (74), implying that creditors would have no incentive to deviate fro
the accelerated presentment equilibrium.
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