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A cash-in-advance model of multiple means of payment is constructed to
study the coexistence of multiple means of payment and the effects of
opportunity costs and monetary policy. In steady state equilibrium, if the
opportunity cost of credit, transactions cost, increases, people hold more cash
and use it for a greater variety of goods. Next, if the money growth rate
decreases, then the opportunity cost of money, the nominal interest rate,
decreases and people use cash for a greater variety of goods. To improve
welfare, the government needs to decrease the money stock in order to avoid
opportunity costs and the Friedman rule is optimal.
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[. Introduction

The main objective of this paper is to develop a simple model to explain

the coexistence of credit and cash and discuss the effect of the opportunity

* T am very grateful to my adviser, Steve Williamson, and two anonymous referee
for their invaluable comments and suggestions. All errors are mine.

* BHATY FA591 € (hschoi @kiri.or kr)

=i T2 2009. 04. 21, =1 HF Y 2009. 06. 16, =i AA &4 Y 2009. 07. 24

-229 -



HE8YT M20d M2z

costs of payment instruments and monetary policy on the choice of credit
and cash. In practice, there exist several different means of payments such
as cash, credit card, debit card, and checks. In market transactions, a
consumer chooses a certain instrument which fits the best for their
purchases considering its convenience, costs, timing, record-keeping,
transactions errors, privacy, security. Thus, an economic change that affects
the characteristics of means of payments can make a crucial impact on the
choice of means of payments and it is crucial to understand the basic
structure of market transactions.

A set of literature provides empirical explanations to the choice of means
of payment in US and Korea: Whitesell (1989), Ryu (2007), Schuh and
Stavins (2009). Especially, Schuh and Stavins (2009) relates the
characteristics of means of payments and the consumer’s choice of them.
However, they do not have a strong theoretical background why people
choose a certain means of payment and use other means of payment if an
economic environment changes.

There have been several theoretical studies of the coexistence of multiple
means of payment such as Lucas and Stokey (1987), Prescott(1987),
Ireland (1994), Lacker and Schreft (1996), and Aiyagari, Braun, and
Eckstein (1998). In Lucas and Stokey (1987), cash goods and credit goods
exist. A consumer uses cash to purchase cash goods and spends on credit to
purchase credit goods. The consumer’s choice of means of payment is
exogenously fixed and the use of credit does not create transactions costs.
Thus, the model cannot explain why a consumer chooses a certain payment
instrument over another when purchasing goods. Monetary policy does not
affect the choice of means of payment. On the other hand, Prescott (1987),
Ireland (1994), Lacker and Schreft (1996), and Aiyagari, Braun, and

Eckstein (1998) have developed models where a consumer carries multiple

-230 -



Money, Credit, and Opportunity Costs

means of payment and chooses a means of payment when acquiring
consumption goods. In addition to the nominal interest rate, the
opportunity cost of holding cash, they introduce the transactions costs of
credit as the opportunity cost of credit. In equilibrium, a consumer
purchases some goods with cash and other goods with credit. Cash and
credit coexist because a consumer substitutes credit for money if the
nominal interest rate increases and he uses more cash if transactions costs
increase. A consumer uses credit for larger purchases and cash for smaller
ones. Furthermore, Ireland (1994), and Lacker and Schreft (1996) show
how credit is substituted for money to purchase a greater variety of goods.

These models of Prescott (1987), Ireland (1994), Lacker and Schreft
(1996), and Aiyagari, Braun, and Eckstein (1998) have tried to discuss the
implications of economic growth, velocity of income, and asset prices as well
as the choice of multiple means of payment. Thus, they hold some features
which are not necessary just to study the choice of means of payment.
However, this paper constructs a simple model to fully focus attention on
the choice of means of payment. Especially, the transactions costs of credit
take a specific functional form in order to get clear implications of the effects
of a change in transactions costs on the choice of cash and credit.

This paper is built on the model of Ireland (1994) in a way to give more
concrete implications about the effects of opportunity costs and monetary
policy on the choice of means of payments. A unit mass of households exists
and each household consists of a shopper and a worker. Households trade
nominal bonds in the asset market and trade consumption goods in the
goods market. At the goods market, a shopper can choose what to use as a
payment instrument from credit incurring transactions costs and cash.
Thus, the opportunity costs of credit and cash are respectively transactions

costs and nominal interest. In steady state equilibrium, if the opportunity
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cost of credit, transactions costs, increases, a shopper holds more cash and
uses it for a greater variety of goods. Next, if the money growth rate
decreases, then the opportunity cost of money, the nominal interest rate,
decreases and a shopper uses cash for a greater variety of goods. To improve
welfare, the government needs to decrease the money stock in order to avoid
opportunity costs and the Friedman rule is optimal.

The remainder of the paper is organized as follows. Section 2 describes the
basic setups. Section 3 and 4 discuss equilibrium and its solutions in steady
state. Section 5 presents transactions costs, monetary policy and welfare

implications. Section 6 concludes.

II. A Baseline Setup

Time is discrete and indexed by t = 0, 1, 2, .... The economy consists of a
continuum of infinitely-lived households with unit mass. Each household
consists of two agents: a worker and a shopper. A continuum of spatially
separated markets indexed by i € [0,1) exists at each period. In each
market i, a worker produces and sells distinct, perishable consumption
goods indexed by i € [0,1) in every period. The household has preferences
given by

o)) fﬂ o In(c,(i))di xt}

where £ is the discount factor: ¢(i) represents consumption goods
purchased at market i at time #; x, represents transactions costs.
At the beginning of each period t, each household enters the period with M,

units of currency and B, units of one-period nominal bonds. Then, the
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household learns the money growth rate, 6, The government controls the
nominal money supply through nominal lump-sum transfers, Pz, and the

government budget constraint is

M =M;+Pr,
MSH—l :01‘4; .

where P, is the average price level of consumption goods.

The asset market opens and each household trades one-period nominal
bonds, B,, and money. Each bond sells for ¢, units of money in period ¢ and is
a claim to one unit of money in period ¢ + 1. The asset market closes and a
worker and a shopper at each household leave for a goods market.

At the goods market, a worker and a shopper start to exchange
consumption goods. A worker sells endowments, y, and a shopper travels
from market to market purchasing consumption good i. When a shopper
purchases goods, he has two ways of acquiring goods in market i. One is to
use non-interest bearing currency that has the gross nominal interest rate,
R,, as an opportunity cost.

The other is to spend on credit, incurring transactions costs,

) =(—=), (1)
1

where 7(i) > 0 is increasing, differentiable on i, 7(0) = 0, lim, ; 7(4) = 1,

and @ is the degree of transactions costs. There is no transactions costs if a

shopper does not spend anything on credit. However, if a shopper uses

credit in every market 7, then transactions costs goes infinity. That is, as a

consumer spends on credit more and more, transactions costs for purchasing

goods go infinity. For example, if a consumer continues to use credit for each
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market, then eventually he gets a market which experiences technical
difficulties to identify the user s credit history or where his credit limit is
used up. The coefficient @ can represent the level of waiting time to check
credit history, membership fees paid to the credit card company, or credit
limit. Transactions costs appear as effort in the household’s preferences and

a shopper takes it as household disutility,
%)= [ &6 (%)dz
-1

where €t() is an indicator variable: &) = 1, if shoppers use credit to buy
good i at time 7 and &) = 0, if shoppers use currency to buy good i at time

t. The cash-in-advance constraint in the goods market is
1 D D o .
[, POA40)cdi<M,+Pr~4B, B,
where P,(i) is the price of consumption good .
At the end of each period, all agents return home. A worker brings the

revenue of sales, Py, back home. No further trade or barter is allowed. The

household budget constraint is

1
[, PG ()di+M,,, =M, +Pr-qB,., +B,+Py.

-234 -



Money, Credit, and Opportunity Costs

[lI. Optimization

The household solves the following optimization problem: for all i,

jo'e) 1 1 aj
max . AN g a9
()£ M bt g‘oﬂ {fo In(c,(i))di fo St(z)ln< - )dz}
subject to

fol pt(i) (1‘5t(i))cz(i)diS"@"‘Prfz‘ﬁt%bm +b, (2)

) 01 P (D)di+6,m,.; =m+pzHqb,., +b+py (3)
my.1=>0 4)
by1>b (5)

where inequality (4) is the nonnegativity constraints and inequality (5) is
the no Ponzi-scheme constraint. Note that nominal variables are divided by

M, to make the household’s dynamic optimization problem stationary.

Definition: A competitive equilibrium consists of the sequences {c,(i), x,,
€,(i), myq, by, My 1, pi), T, R} for all t, where i € (0 1) such that:

1. 4e,(i), x,, &.(i), myy, by} solves the household’s problem given

WM; i, p(), T, R}

2. Markets clear in every period:

(a) Bond Market: b,,; = 0,

(b) Money Market: m,.; = 1,

(c) Goods Market: for each market i,

y= fol ¢()d;,
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(d) m + pz, = 6,

where no one will hold any nominal bonds in equilibrium since all
households are identical.

Drop t subscripts and let primes denote variables dated ¢ + 1. The
household’s optimization problem translates into the following dynamic

programming problem:

vmb)= max [, nlc@)d- [ E@YQdi+Bvon’ b':0)

cx & mb

subject to equations (1) - (5).

[V. Steady State Equilibrium

This section will focus attention on the steady state equilibrium where for
example, in the long run c,(i)=c(), x,=x, &1 =¢@{), mi+;=m, b,+;=b, and
p(i)=p(). In steady state equilibrium, the choices of c(i) is as follows
assuming 4; and 4, denote the Lagrange multipliers to the cash-in-advance

constraint and the budget constraint:

1
—— A, (1-€(i))p-Ap=0,
c(i)
1 el
—-Ap=0 ,if () =1, (6)
c'(i)
1 . .
N (’\14‘/\2)[?:0 ,if €31) =0, (7)
(i)
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where ¢'(i) is consumption with credit and ¢’(i) is consumption with cash
and in equilibrium, p(i) =p for all market i holds. At the goods market, each
shopper faces the same marginal utility of consumption across market i, so
for all i, j € (0; 1),

c(Dp@)=c(p().

Since ¢(i) = y for each market i and y is independent from market i, every
market should sell goods at the same price, p(i) = p for all i.
The decision of &) comes from a tradeoff between the transactions costs

of credit, 7(i), and the opportunity cost of holding money, ¢’(1)A;:

1, if In(c'(D)-y()-Ayc' (D)p
£() = >In(c*(i))=c"(i) (A; +45)p, (8)
0, if ;' () )AL (p
(@)~ (@) (A +45)p,

where

(=1 aj
7)) = n( )
1-i /+

A shopper picks credit to purchase good i when the marginal benefit of
using credit, l(c'(i))=y(i)-Ac (D)p, is greater than that of using cash, h(c(i))-
(i) (A, +4;)p. On the other hand, a shopper picks cash if the marginal
benefit of using cash is greater than the marginal benefit of using credit.
Thus, in equations (8), a cutoff, i*(), between credit and cash choices is
determined as

a;* ¢

= €))

1-* ¢
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where transactions costs are equal to the marginal rate of substitution of ¢’
for ¢'. A higher X implies a higher marginal rate of substitution of ¢’ for ¢'.
A shopper replaces credit for cash and purchases a larger variety of goods
with credit in the market. In other words, a shopper uses credit to acquire

good i where i { i* and uses cash to acquire good i where i ) i*.

(Figure 1) The Credit-Cash Cutoff

70 |
6
H H R=—
/ C
0
il
1 i
a+1
The choices of m” and ', in equilibrium, are as follows:
B +A,) =A0; (10)
B(A1+4%) = (A, +24,)0q. (11)

In steady state, the list of variables is constant and equations (10) and
(11) become
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%;@y+%)ZA2 (12)

and with equation (11), the nominal interest rate is positive

Re Loy (13)
Rt

if the cash-in-advance constraint binds, 4, ) 0. A shopper economizes his
cash holding if the nominal interest rate is positive.
Given equations (6), (7), and (12), consumption with credit, ¢!, is greater

than consumption with money, ¢’

0 ®| .k [8 1

C(A2.0):{C |C:7&}, (14)
1

¢y, 0)= fc*let= 1) (15)
Ap

A shopper using the same means of payment for some market i acquires
the same amount of consumption goods, i.e. ¢’=c"(i) and ¢'=c'(i), because
the marginal value of cash is the same across markets and so is the
marginal value of wealth. Besides, the volume of one specific consumption
good purchased by credit at market i is independent of transactions costs.
Transactions costs increase only when the household purchases a greater
variety of consumption goods with credit. Therefore, aggregate consumption

and transactions costs simplify as follows:

[ cod= [ ¢odi+ [, @di=itc+(1-*)e,
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[ &ortrai= [, G

where

ai
(i) =in(—
™ n( 1—i>

and the goods market clearing condition becomes
i+ (1) =y.

Furthermore, in equations (14) and (15), the marginal rate of
substitution of ¢ for ¢ depends on the nominal interest rate as of Lucas and
Stokey (1987), Prescott (1987), Ireland (1994), and Lacker and Schreft
(1996):

= (16)

where the cash-in-advance constraint binds, & ) 8. A shopper spends on

credit for larger purchases and uses cash for smaller purchases, ¢' ) ¢. The
opportunity cost of money, nominal interest, increases as the volume of a
good i purchased with money increases. However, the transactions costs of
credit does not increases although the volume of a good i purchased with
credit increases. The transactions costs of credit increases as a shopper
spends on credit for a greater variety of goods. Therefore, a shopper would
rather spend on credit not to lose nominal interest as the volume of a good i

purchased increases.
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(Figure 2)» Consumption with Credit and Cash

Suppose the real money balance, 8/p, that shoppers decide to carry to the

next period is a fraction of the revenue of sales, ¢y:

7

4

Then, binding cash-in—advance and budget constraints,
p(1-9)¢=8,
and

pic'=py-9,

imply that total consumption with credit and cash is

(1-") =gy (17)
i*c'=(1-9)y. (18)

Therefore, in equations (9) and (16), the solution for the choice of cash
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and credit is determined as follows:

p—

= o
1+7

(19)

Then, equations (16) - (18) imply the solution for real cash holding to the
next period such as

¢= (20)

1+%(Z;)2 '

Finally, in equations (17) - (20), consumption with cash and credit is

o M)y
1+%<Z;)5 (21)
1+

O=|——F——1).
1+%(Z;>2 ) (22)

V. Implications

1. Transactions Costs

In equations (1), @ is the coefficient of transactions costs which affects the
degree of costs for all i. If @ increases, then a shopper pays more costs when
he spends on credit to purchase a good i. In equations (19) and (20), it is

clear to check the effects of transactions costs, @, on the choice of credit and
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cash and the real money balances:
ar*
—<0,
oa

0.

Given the money growth rate, 0, an increase in the transactions costs
makes the opportunity cost of credit relatively more expensive than that of
cash. A shopper purchases a less variety of goods with credit and his real
money balances increase since he uses cash for a greater variety of goods.
On the other hand, if @ decreases, then a shopper uses credit for greater
variety of goods and holds less cash.

In equations (21) and (22), the effects of transactions costs, @, on

consumption with credit and cash are

= >0,
oa ot %2 }2 (23)
gco - yi(ﬁ_}z >0,
« {a + %~ (24)
where
0> 8

Note that the transactions costs, 7(i), have an effect not on the volume of
consumption with credit once a shopper decides to pay them. Thus, an
increase in @ decreases the variety of consumption with credit, but it

increases the volume of it to compensate the loss of variety. However, the
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nominal interest rate, R, has an effect both on the volume and variety of
consumption with cash. Thus, a shopper acquires more consumption goods
with credit and with cash if the relative price of using credit increases due to
a greater @. On the other hand, a shopper consumes more with credit and

consumes less with cash if @ decreases.

2. Monetary Policy and Welfare

This section will study how the choice of means of payments reacts along
with monetary policy. First, the effects of monetary policy on cash-credit

choice, i*, and real money balances, ¢, are

When the government increases money supply, inflation arises in the
economy. The value of money decreases, but the nominal interest rate, 0/,
increase. The opportunity cost of holding cash increase, so a shopper holding
less cash will spend more on credit. On the other hand, if the government
decreases money supply, the opportunity cost of holding money decreases
due to a lower nominal interest rate. A shopper holding more cash will use
it for a greater variety of goods.

In equations (21) and (22), the effects of transactions costs, @, on

consumption with credit and cash are

244 -



Money, Credit, and Opportunity Costs

aag _ vaB (- -1) <0 (25)

geo =Y {%% _1)2+(%+1)<279_1)}

06 a[)’{l+%<%)2}2

where
0> 8.

An expansionary monetary policy decreases consumption with credit and
cash. Inflation increases the nominal interest rate and the relative price of
credit becomes more cheaper than that of cash. A shopper consumes a
greater variety of goods with credit and decreases the volume of each good i
purchased with credit. However, a shopper decreases consumption with
cash simply due to a higher nominal interest rate.

Given the choice of credit and cash, the real money holding, and
consumption with credit and cash in equations (19) - (22), the government

can choose the money growth rate to maximize the following welfare,
i+ ai
W=max {ln(c) + (1-)in(e)- [ n(— )di}. 27)
0 1-i

The effects of the money growth rate on welfare shows that welfare

decreases as the money growth rate increase: for & )8,

oW _ 2(1-75)
W o (14 (5))
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In other words, the government needs to decrease the money stock in
order to encourage a shopper to use cash and decrease transactions costs
incurred by credit. There exists welfare costs of inflation since inflation
decreases the value of money and increases the opportunity cost of money,
the nominal interest rate. The use of credit increases and it incurs larger
transactions costs. Therefore, even with credit, inflation decreases welfare.

The optimal money growth rate, where W/ = 0, is

0*=8.

The economy becomes inefficient once a shopper economizes his cash and
the

government should decrease the money stock by the rate of the discount

factor. Thus, the Friedman rule is optimal.

VI. Conclusion

This paper develops a simple model to explain the coexistence of credit
and cash and to discuss the effects of opportunity costs of payment
instruments and monetary policy on the choice of credit and cash. A unit
mass of households exists and each household consists of a shopper and a
worker. Households trade nominal bonds in the asset market and trade
consumption goods in the goods market. At the goods market, a shopper
can choose what to use as a payment instrument from credit incurring
transactions costs and cash. Thus, the opportunity costs of credit and cash
are respectively transactions costs and nominal interest. In steady state
equilibrium, if the opportunity cost of credit, transactions costs, increases, a
shopper holds more cash and uses it for a greater variety of goods. Next, if

the money growth rate decreases, then the opportunity cost of money, the
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nominal interest rate, decreases and a shopper uses cash for a greater
variety of goods. To improve welfare, the government needs to decrease the
money stock in order to avoid opportunity costs and the Friedman rule is

optimal.
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[ Appendix ]

A. Derivation of equation (23)

Consumption with credit in equation (21) can be expressed as follows by

multiplying both the numerator and denominator by @:

s e ()-8

oe {a-l— (%)2}2

where
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B. Derivation of equation (24)

Consumption with cash in equation (21) can be expressed as follows by

multiplying both the numerator and denominator by a:

C():

0
W) y (30)
9 2
a+ (B—)
The derivative of equation (30) with respect to @ is

deo y{a+ (Z;f_a_% }

T

TN

]

where

8.
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C. Derivation of equation (25)

Consumption with credit in equation (21) can expressed as follows by

dividing both the numerator and denominator into (1/2)(@/B)*:
_ 1+aly)
o)
The derivative of equation (31) with respect to @ is
s 7)) (1) %Y )
8(9 {1 ta (7[3)2 }2
v -1 a2+ 2 (10 52)
et
yai (- —1)

el

V. (31)

<0,

where

8.
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D. Derivation of equation (26)

The derivative of equation (22) with respect to @ is

s e E () -+ 4) 2]

8
” {Lra (5}

Loy 20, 20, 20
—)’{T(7>_T3+TB+T_1}

wfie L)

where

8.
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E. Derivation of inequality (28)

Welfare measure in equation (27) can be expressed as follows:

W = l*ln( )—l—ln(c) fol ln(lﬁi—. )di
c° -
1

= i*ln( s ) + ()i In(@)-*In (i) + 1-(1-*)In(1-*)

CO
ai* ai*
=*ln( —=— )+h()-"In( =— )+ 1-m(1=")
(2 ymieren )
= 1+n()-In(1-%) (32)

where

f;ln(%ﬂi: [, n@di+ [, mGydi- [, in(1-)di

= *n(a)-i* +i* In(*)-(1-*) + (1) In (1)
i*In(@) +1*In(*)-1+ (1-*)In(1-*)

and in equation (9),

The derivative of welfare in equation (32) is

9W 1 E)O 1 a-*
(5% ®

The first term of equation (33) can be expressed as
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3 - (5
- 1 G ) )
(a£+€)} 1+}T(%)2

‘Hiﬁ%+1

_ a\g (34)
1 2
(as+0)(1+4(2))
The second term of equation (33) can be expressed as
( 1 )ai*z(l*“é)‘;ﬁ: (1+a75) _ 1 (35)
L= 00 (149 g(1+-22) (a5 +0)

Equations (33) - (35) characterizes the monetary policy effect on welfare

as follows:
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B8

where
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