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Abstract

I construct an economy with microfoundations for the use of money and bilat-
eral credit as media of exchange. The model features spatial separation, absence
of double coincidence of wants and competitive markets. Money is the means of
payment: in equilibrium, bilateral credit is cleared with money. The model gener-
ates predictions for the effect of inflation on macroeconomic variables. The real
interest rate increases with inflation. Credit, output and welfare all decrease with
inflation.
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1 Introduction

Money performs four main functions. It is a unit of account, a store of value, a medium
of exchange and a means of payment. The most neglected in the literature has been
the means of payment function -i.e. the means to settle debt-. Other objects can play
the role of unit of account, store of value or medium of exchange. Only money however
acts as the means of payment!. The aim of the present paper is to construct a model
where money serves as the means of payment. To address this issue, an environment
is needed where agents use both money and credit as media of exchange. I consider a
specific form of bilateral credit, promissory notes, and show that money is used to settle
bilateral promises.

The model features lack of double coincidence of wants and spatial separation. When
purchasing goods, agents can use fiat money to overcome the absence of double coin-
cidence of wants and they can buy on credit issuing bilateral promises. The lack of
double coincidence of wants has been crucial to explain why money is useful in lubri-
cating exchange, ever since the works of Menger and Wicksell. Kiyotaki and Wright
(1989) constructed a search model around the lack of double coincidence of wants to
explain the use of money as a medium of exchange. In order to make money essential
however they had to introduce limitations on enforcement and commitment, thus ruling
out alternative means of exchange as multilateral and bilateral credit. Specifically, they
assumed that no public memory technology was in place and agents couldn’t commit
to future actions. Kocherlakota and Wallace (1998) studied multilateral credit as an
alternative medium of exchange, introducing in the Kiyotaki and Wright model a public
memory technology. In their model multilateral credit -which resembles a credit card
system- is a claim to future commodities, not to money. In their model money and credit
are substitute. I rule out any public memory technology and thus multilateral credit. I
assume that agents can use collateral to commit to keep their bilateral promises. Repay-

ment is decentralized and requires time. Markets are walrasian and money is durable

I"A medium of exchange includes those assets, or claims, whose transfer to the seller will commonly
allow a sale to proceed. Payment is in some sense final. The most important general function of money

is to serve as a means of payment."(Goodhart (1989))
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Figure 1: Life of an Agent

and perfectly divisible. I drop the assumption, typical of the search theory of money,
that agents meet at random and assume that agents can choose their itineraries: this
allows me to avoid restrictions on money holdings and study an economy with general
portfolios of money. I assume that a day is divided in three periods of eight hours. Each
period can be used to either consume, produce or rest. After producing, agents need to
rest for eight hours during which they will not be able to either consume or produce.
This assumption captures in a simple, deterministic way a time mismatch between the
arrival of liquidity and of consumption or production opportunities, inducing agents to
hold money for some time before being able to spend it.

In equilibrium each agent uses both money and bilateral credit to exchange com-
modities and bilateral credit is repaid with money. The typical life of an agent in the
economy is summarized in Figure 1. In the morning, agent 1 is on his island, where he
purchases commodities with money and promises. Then he travels to island 2 together
with his creditor. In the afternoon he produces for money, repays his debt and produces

for promises becoming a creditor himself. Then he travels with his debtor to island 3



and in the evening -his period of rest- he waits for his debtor to repay. Finally he travels
to island 1 with money and the next morning the cycle restarts. Output and welfare are
higher than in the corresponding economy without bilateral credit, credit bears interest
and money serves to repay debts: money and credit are complementary.

The model generates the following predictions on the effect of anticipated inflation
on macroeconomic variables. Anticipated inflation drives up the nominal interest rate.
The elasticity of the nominal interest rate to inflation is greater than one and thus the
real interest rate increases with inflation. Unit elasticity of the nominal interest rate is
known as the Fisher effect. In the model, the failure of the Fisher effect is due to the
time mismatch between the arrival of liquidity and consumption opportunities. Credi-
tors need to be compensated for holding money for one period in an environment with
inflation. The credit to money ratio decreases with inflation, since inflation increases the
opportunity cost of holding a promise of future money more than the opportunity cost of
holding money itself. Green (2002) argues that inflation may destroy the acceptability of
money in a model where debt is not settled with money, but not in a model where money
serves as the means of payment. Here I argue that inflation may harm credit. Output
and welfare decrease with inflation. Inflation, harming credit, reduces the amount of
transactions performed and thus reduces output. In Tobin (1965) anticipated inflation
induces agents to substitute in their portfolios capital for money thus increasing the
capital stock and output and decreasing the real interest rate. In the literature this is
known as the Mundell-Tobin effect. The model, therefore, generates a reverse Mundell-
Tobin effect: credit and output decrease with inflation, the real interest rate increases
with inflation. Section 2 describes the model. Section 3 derives the equilibrium and the

predictions. Section 4 concludes.

2 The Model

Time is discrete and continues for ever. Agents are infinitely lived. They can consume,

produce and rest. There are N > 4? islands arranged on a circle, indexed by j =1, ..., N.

2N > 4 guarantees that promises cannot be simply swapped instead of being repayed.
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Figure 2: A Day: Height Hours Shifts

Each island is inhabited by a continuum of mass three of agents. On each island j one
and only one type of perishable commodity (j) can be produced: agents j consume
commodity j and produce commodity j+1 (modulo N) only. After producing individuals
need to rest for one period: they will not be able to consume or produce for one period?.
In order to clear the markets, some of agents j will be consuming in the morning,
producing in the afternoon and resting in the evening (type 1), some others producing
in the afternoon, resting in the evening and consuming in the morning (type 2) and
finally some resting in the evening, consuming in the morning and producing in the
afternoon (type 3). There will therefore be eight hours periods in a day and agents will
do either the morning, afternoon or evening shift. (See Figure 2).

Every ordered pair of islands is connected by ships. Agents are free to choose their
itineraries. On each island competitive markets for the exchange of the local commodity
open each period, closing at the end of the period. When agents arrive on the island they
are randomly matched to a trading partner. They can however be randomly re-matched
without cost to another trading partner if they want to. This assumption -together
with the fact that there is a continuum of agents- keeps the price competitive. At the

beginning of time, on each island, there is an amount M of fiat money, in the form

3For simplicity I assume that the disutility of consuming or producing without resting is infinite. A

finite disutility would be enough.



of durable and worthless pieces of paper. Agents have also the option of issuing their
own promises. There is no central record-keeping technology to monitor and enforce
promises. Each agent has an amount of durable collateral specific to him without which
he is unable to consume®. When issuing a promise, each agent surrenders his collateral
to his trading partner in exchange for the commodity he purchases. Repayment takes
time: the issuer of a promise needs to go back to his island, produce and sell in order to
gain the money needed to make final payment. There is no clearing-house for promises’.
Enforcement is limited. At all times agents can simply decide not to participate in the
exchange process. On each island there are competitive markets for the exchange of
goods for money (the money market) and for the exchange of goods for promises (the
credit market).

Agents are characterized by a utility function which is linear in consumption u(x; ;) =
x;; where z; ; is the quantity bought at time ¢ on island j and a cost function -in terms
of utils- which is quadratic c(y;;) = %(yt,j)Q where y; ; is the quantity produced by
producer j.° The objective of an agent of type j is to maximize

1 2
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where T = {1,4,7,...} in order to take into account the resting period and 0 < 5 < 1
is the time discount rate. x% and xgj are the quantities of good j bought at time ¢ by
agent j on the money market and on the credit market respectively, while y%lvj 41 and
yng 41 the quantities of good j + 1 sold for money and for credit. Define the price on

the money market for good j at time ¢ as p; ; and the price on the credit market as g ;.
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Figure 3: Sequence of Events

2.1 Sequence of Events

Let me first describe the sequence of events informally. For simplicity, suppose there
are 8 islands. Figure 3 summarizes the sequence of events. In the morning, agent 1
is on island 1. He spends money to buy his consumption good from agent 8. He then

increases his purchases issuing bilateral promises secured by collateral. At the end of the

4For simplicity, again, I assume that the disutility of consuming without the collateral is infinite. A

finite disutility would be enough.
®Freeman (1996) has a model with overlapping generations of agents where purchases are made with

debt, debt is settled with a final payment of fiat money and there is a market for the resale of debt.

Unlike the present paper, the clearing system is centralized.
6Quasi-linearity is crucial. The specific functional forms are not.



morning agent 1 and 8 travel together to island 27. Meanwhile agent 2 is also coming to
island 2. In the afternoon, agent 1 sells goods to agent 2 for money. With the money he
received, he repays agent 8 and gets his collateral back. He then sells goods to agent 2
for promises, becoming a creditor. At the end of the afternoon he travels with agent 2
to island 3. Meanwhile agent 8 travels to his consumption island. In the evening, agent
1 will be resting and waiting for repayment. The next morning he will restart the cycle.

Formally the sequence of events is as follows. Agent j at time ¢ uses part or possibly
all of the money he accumulated in the past (m{fl) to buy goods on the money market
pmx% < m{_l; he then proceeds to buy on the credit market borrowing an amount
d{ = qt,jxfj; at t+1 he produces for money in order to pay off his debt pt+1’j+1yi]\il7j+l =
m{H > d; he then lends an amount b{H = qt+1,j+1yf+1,j+1; at t+2, he follows his debtor
on island j + 2 and obtains, as a repayment, an amount of money m‘z 4o = b{ 41+ At time
t + 2 he also receives a lump-sum money transfer 7,,; from the government. The
previous sequence of exchanges gives rise to the following three constraints: a standard

cash-in-advance constraint

pt,jx% < mg—l
a repayment constraint
pt+17j+1y%17j+1 > Qt,jxgj
which states that the amount of money obtained producing has to be at least enough

to repay the debt, embedding the relationship of complementarity between money and

credit in an otherwise fairly standard cash-in-advance framework; the budget constraint

Jj C M C J M
Miye = Qei1j+1Ye 11541 T Perlj+1Ys1 511 — Qoo T M1 — DTy + Tit2,

which says that the amount of money an agent carries into the following three period
cycle is equal to the amount he obtains as a repayment of credit, the amount left after

repaying and after consuming and the lump-sum transfer from the government.

" Agents are randomly matched once they arrive on an island. Since there is a continuum of agents,
a debtor and a creditor may not find each other again. To overcome this problem I make them travel

together.



The economy features limited enforcement. Agents can always secure themselves
at least zero, not participating in the exchange process. The relevant participation
constraint states that producing tomorrow for promises and consuming in three periods

must give non-negative utility:

t+3 (M c t+1 M c 2
&) ($t+3,j + xt+3,j) —p (yt+l,j+l + yt+1,j+1) >0

NN

On each island, the government issues money every period and gives lump-sum trans-
fers to agents in their period of rest®. The government budget constraint equates, for each
island j, the increase in the money supply to the total transfers to agents Mtj —M{Z;l = th .

The money supply grows at a rate zi :

M} = (1+2]) M,

2.2 Main Assumptions

The model features five main assumptions:

1. absence of double coincidence of wants and spatial separation are necessary to give

money a role as a medium of exchange;
2. absence of a record keeping technology rules out multilateral credit contracts;
3. enforcement is limited;

4. collateral makes the exchange of promises possible, giving agents a limited form of

bilateral commitment power;

5. agents do not always participate in the exchange process: they have to rest after
producing. Rest is crucial to generate an essential role for credit as a medium of

exchange.

The main differences with a search model are that markets are competitive and

agents can choose their itineraries. This allows me to lift the {0, 1} restriction on money

8] assume that agents receive transfers only when they are resting in order to rule out redistributive

effects of monetary policy.



holdings, typical of the search theory of money, and analyse a model where general
portfolios of perfectly divisible money can be held. Absence of double coincidence of
wants alone wouldn’t be enough to induce a role for money as a medium of exchange
if agents could meet in the same market place and strike multilateral deals. Spatial
separation of markets prevents multilateral deals.

The paper focuses on the interaction of money and bilateral credit rather than mul-
tilateral credit. I therefore rule out all devices allowing agents to exchange multilateral
credit contracts. In fact I assume that there isn’t any technology allowing agents to keep
track of each other. I also rule out enforcement technologies and any technology allow-
ing agents to commit to future actions other than collateral. Kocherlakota (1998) shows
that in a world with full enforcement and commitment money would not be needed as
a medium of exchange.

Collateral in the model is individual specific, has no public value and is necessary to
consume. The reader can think of a consumption tool as in Shi (1996) or alternatively of
a blueprint for future production. In the model the borrower leaves the collateral with
the lender until the debt is repaid. Such a form of collateralized borrowing is known as
a repurchase agreement (repo). The fact that collateral is necessary to consume rules
out default.

Agents need to rest for one period after producing. This assumption captures in a
simple way a mismatch in the arrival of liquidity and of consumption, investment or
production opportunities. Agents hold money for some time before being able to spend

it.

3 Equilibrium

In a stationary symmetric competitive equilibrium, agents maximize utility subject to
the cash-in-advance constraint, the repayment constraint, the budget constraint and
the participation constraint; all markets clear at all times: the goods-for-money market
oM = yM  the goods-for-credit market ¢ = ¢y, the market for money m; = M;;

the Government fulfills its budget constraint and sets z; = 2z > 0 at all times. By

10
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Figure 4: Euler Equations

money market clearing, the inflation rate 7 is equal to the growth rate of money z:

o= DL — M”A?Mt = z. Define the interest factor (1 +1i;) = % as the ratio of
Pt t pt

the price of goods for promises (tomorrow’s dollars) to the price of goods for money
(today’s dollars). Define total output as y = y™ + y©. If sufficiently patient, agents
are willing to participate in the exchange process. The participation constraint is slack
when 3 > (ilﬁ)% . Figure 4 (where MB stands for marginal benefit, MC for marginal

cost) depicts the behavior of a borrower and a lender.

The Euler equations are
1+
1+m

Y (1)

which describes the behavior of a debtor who increases his utility in the afternoon

1=5

borrowing an extra unit (LHS) and will have to repay his debt with interest producing

an extra unit in the evening (RHS); and

(2)



which describes the behavior of a creditor who is lending an extra unit in the afternoon
(LHS) and will get repayment with interest in the evening but will be able to spend
it only the next morning since he has to rest during the night (RHS). There is a time
wedge between the borrower -who cares about one period ahead- and the lender -who
cares about two periods ahead, because of the resting period-. The creditor is holding
money overnight, before being able to spend it. The repayment in real terms equals the
amount borrowed plus interest discounted by the inflation factor:

yM:(1+i>xC (3)

1+n

which gives, using the equilibrium condition on the credit market -z¢ = y©-, the ratio
of the amount produced in the economy for credit and the amount produced for money
-the credit to money ratio-.

The equilibrium nominal interest rate, output and credit to money ratio are derived
solving (1),(2) and (3). The nominal interest factor is more than unit elastic in the

inflation factor, with elasticity equal to 1.5:

1+i:(1gﬂ>§

In equilibrium there is a positive interest rate. This is necessary for a promise of

money-later to be accepted instead of money-now. Total output, which is given by

(B
y= 1+

is higher than output in the corresponding economy with only money -y = (1%)2—, but

lower than output in the first best - y*# = 1-. Credit is an interest bearing medium of
exchange. The higher return induces agents to produce more compared to an economy
without credit. The ratio of credit to money is given by the repayment constraint,

embedding complementarity:

Nlw

v_ B
v (14w
which is decreasing in inflation. With inflation, the opportunity cost of holding a claim

to future money is higher than the opportunity cost of holding money itself. In a model

12



where money and credit are seen as substitute the reverse would be true. Gillman
(1993) modifies a cash in advance economy & la Lucas and Stokey allowing the repre-
sentative agent to decide which goods to buy with cash and which goods with a costly
transaction technology producing credit services, with no role for cash as a means of
settlement, and shows that "the consumer chooses between a foregone-interest cost of
cash and a time cost of credit when purchasing any one good. Avoiding the inflation tax
means switching from fiat that uses no resources to exchange credit that uses up societal
resources.|...|the consumer substitutes away from cash until the marginal cost of avoiding
inflation, through credit use, equal the marginal inflation tax on cash use". The increase
in the nominal interest rate makes more costly to hold money. Agents thus switch to
an alternative -inflation free- medium of exchange. The credit to money ratio increases
with inflation. In a world where money and credit are complementary -i.e. with debt

repaid in cash- rather than substitute the effect of inflation on credit is reversed. When

1_1
4 147w

agents are sufficiently impatient -i.e. when § < ( )%— the participation constraint is
binding and output is independent of inflation and equal to 2/5°.

In equilibrium, each period one third of the population is consuming using both
money and credit, one third is producing for money and credit and one third is resting
while repayment takes place. One third of agents j in the morning - period ¢- are on
island j and trade money for goods. They also issue promises secured by the collateral
to increase their consumption of good j. Then they travel to island j 4+ 1. In the
afternoon - period t + 1- they produce for money and for promises. They repay their
promise in the afternoon, handing fiat money to their creditors (agents j — 1) who have
travelled with them and are waiting on island j + 1. The collateral is returned and
promises destroyed. In the evening they leave to island j + 2 where they rest and wait
for repayment to take place. Finally they travel to island j to restart the cycle. Money
and credit are both media of exchange and money is the means of payment. For this
to be an equilibrium, agents shouldn’t want to deviate. When an agent is consuming,
it is fairly intuitive that he wants to use both money and credit since they allow him

to transact and consume more. When an agent is producing though, several possible

deviations have to be considered. First, he may refuse to repay his debt. In this case

13



he would loose his collateral, would be unable to consume in the future and would thus
get zero for ever. This possibility is already captured by the participation constraint:
when agents are patient enough they prefer to repay and get their collateral back rather
than loosing it. Second, he could repay his debt, but then produce for money instead
of lending. This deviation would be particularly attractive if the agent could spend
his cash immediately and consume. The mismatch between the arrival of liquidity and
consumption opportunities makes it attractive to lend in order to gain positive interest.
The equilibrium interest rate makes agents willing to lend. Consider then the possibility
to repay debts with someone else’s promise instead of money. In this case the original
issuer of the promise may not meet the holder of his collateral again since agents, once
they are on an island, are matched randomly and there is a continuum of them?. Agents
wouldn’t issue promises in the first place and this is enough to rule out the deviation.
Notice finally that the lack of double coincidence of wants excludes repayment with
commodities. The two media of exchange coexist in a fundamental sense: each agent

uses both at every stage to exchange.

3.1 Credit, Output and Real Interest Rate

Here I will discuss the implications of anticipated inflation for credit, output and the
real interest rate. First, inflation harms credit. In the afternoon the lender holds a claim
to future money which will be paid off in the evening. He will then have to hold money
overnight, until the next morning when he will be able to spend it to buy consumption
goods. Inflation drives up the nominal interest rate and makes it costly to hold claims
to future money: agents reduce their credit holdings. Therefore, the amount produced

for credit as a share of output is decreasing in the inflation rate

y© 8

v B+ (1w

W

Boyd, Levine and Smith (2001) find evidence of a negative relationship between private
credit to GDP and inflation, using both cross-country and panel data for around 60

countries between 1960 and 1995. Second, output is decreasing in the inflation rate.

9Technically it is a zero measure event.
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Credit increases the amount of transactions which, in turn, increases output. Higher in-

flation reduces the credit to money ratio and this reduces transactions and the incentives

v= B\yM /) \l1+m
This happens when the inflation rate is sufficiently high -i.e. for = > # — 1. For

to produce.

lower inflation factors output is insensitive to inflation. "There is now a substantial
body of evidence indicating that sustained -and, therefore, likely predictable- high rates
of inflation can have adverse consequences either for an economy’s long-run rate of real
growth or for its long-run level of real activity." (Boyd, Levine and Smith (2001)). In a
recent paper, Stanley Fischer, Ratna Sahay and Carlos Vegh highlight the fact that in
high inflation countries credit and output have been severely harmed by inflation. Inter-
estingly, Bullard and Keating (1995) find evidence that output is relatively insensitive
to low inflation rates and decreasing for higher inflation rates. Third, the real interest

factor increases with the inflation rate

N[=

In the model the creditor is bearing the cost of inflation, since he is holding money
for one period while he is resting. The higher interest rate compensate him for the cost
of holding money in the presence of inflation. Changing slightly the model, it would be
possible to make the debtor hold money for one period. The analysis would go through
unchanged except for the real interest rate which would be decreasing in inflation. In
this case it would be the debtor who would have to be compensated for holding money
in the presence of inflation. What is really crucial is therefore that the real interest rate
changes with inflation -and thus the nominal interest rate is not unit elastic in inflation-
rather than the direction of the change. The mismatch between the arrival of liquidity
and of consumption opportunities is responsible for the break-down of the Fisher effect.
Koustas and Serletis (1999) document empirically the failure of the Fisher effect.

Complementarity between money and credit in the model is represented by the re-

payment constraint which is responsible for the effects of inflation on credit, on output

15



and on the interest rate!’. Anticipated inflation gives rise to a reverse Mundell-Tobin
effect: the credit to output ratio and output decrease with inflation and the real interest

rate increases with inflation.

3.2 Welfare

As a measure of welfare consider the sum of the utilities of the three types of individuals

in equilibrium: consumers, producers and resting agents.

263 (1+7)? — 8
LVW%:QQ—BM1+M

Inflation drives down the credit to money mix in the economy, thus reducing output

and welfare. Welfare is decreasing in the inflation rate for any 7 > 0:

gt |82 — 1+ m?]
2(1-pB)(1+m)

W' (7)) =

The literature typically identifies the welfare costs of inflation with the resource
cost of producing transaction services alternative to cash. Resources are diverted from
production to credit services and welfare is lower. "In a monetary economy, it is in
everyone’s private interest to try to get someone else to hold non-interest-bearing cash
and reserves. [...] All of us spend several hours per year in this effort and we employ
thousands of talented and highly-trained people to help us. These person-hours are
simply thrown away, wasted on a task that should not have to be performed at all."
(Lucas (2000)). The model provides an additional source of the welfare cost of inflation.

The optimal monetary policy would be the Friedman Rule. The government should
tax money balances, deflating at a rate m = 5 —1, to correct the distortion due to market
incompleteness and achieve the first best allocation. However, the Friedman Rule cannot
be implemented through lump-sum taxes since enforcement is limited in the economy
and agents cannot be forced to surrender money to the government.

The economy with credit always performs better than the corresponding economy

without credit. Money and credit achieve a socially preferred outcome. The combination

10Tn Stockman (1981) a cash constraint on investment gives rise to similar effects.
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of the two means of exchange allows the economy to move closer to the first best frontier.
Money helps credit to work providing the means of payment and the use of credit

improves output and welfare compared to an economy without credit.

4 Conclusion

I addressed the issue of the role of money as a means to repay debt, considering an
environment where money and bilateral credit can be used as media of exchange. Money
serves as the means of payment and credit allows agents to transact more. Debtors will
have to hold cash in the future in order to repay their debts. Attanasio, Guiso and
Jappelli (2002) estimate a money demand function based on the Baumol-Tobin model
with time, interest on checking accounts and consumption as explanatory variables. The
model suggests that debt might also have a role in determining agents’ demand for cash.
Anticipated inflation increases the real interest rate and decreases credit, output and

welfare.
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