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Abstract

We introduce an element of centralization in a random matching model of money
that allows for private liabilities to circulate as media of exchange. Some agents,
which we identify as banks, are endowed with the technology to issue notes and
to record-keep reserves with a central clearinghouse, which we call the treasury.
The liabilities are redeemed according to a stochastic process that depends on the
endogenous trades. The treasury removes the banking technology from banks that
are not able to meet the redemptions in a given period. This, together with the
market incompleteness, gives rise to a reserve management problem for the issu-
ing banks. We demonstrate that “sufficiently patient” banks will concentrate on
improving their reserve position instead of pursuing additional issue. The model
provides a first attempt to reconcile limited note issue with optimizing behavior
by banks during the National Banking Era.



1 Introduction

While there are several interesting questions concerning private money, a useful
framework for studying the operation of private monetary systems and the impli-
cations of interventions into such systems has not yet been develdieykek has
argued that private money would have a positive effect against sustained inflation
by subjecting the government to the discipline of competition. However, other
economists are skeptical about the stability of a competitive monetary system:
How can a stable real-valued currency emerge if, having established a currency,
the supplier can produce more at zero cost? A satisfactory answer to this ques-
tion has not been offered. For this reason, the theory on the workings of a private
monetary system is commonly seen as inherently difficult.

In this paper, we introduce a model of private money and show its potential
usefulness by demonstrating that a stable monetary system can emerge in a way
that resembles the conservative note issue by banks during the National Banking
Era in the United States (1863-1913). This period provides a challenge for any
model of private money. Standard theory suggests that if banks can issue their
own currency, and if the public treats the private currency as a perfect substitute
to lawful money, then banks will overissue notes unless they are obliged, by law,
to back them by 100% reserves in lawful money. According to this argument,
if the public does not distinguish between private bank notes and fiat money, a
bank should always be able to exchange any amount of its redeemed notes with
fiat money from the indifferent public, keeping them, in effect, outstanding. In
other words, even if banks have to provide an amount of lawful money equal to
the amount of their notes redeemed in any given period, this will not cause a
problem for them as long as the amount of lawful money in the economy exceeds
the amount of notes redeemed in any given period.

One problem with this conclusion is that, apparently, it is inconsistent with at
least one important historical episode. When banks faced this opportunity dur-
ing the National Banking Era, they did not issue as many notes as the collateral
and other restrictions in place during that period would have permit@itamp,
Wallace, and Weber (1994) carried out one of the recent studies on the question of

2See, for example, Fischer (1986) and King (1983) for a discussion of some of the issues and
challenges in modelling private money.
3This has been identified as a puzzle. See, for example, Friedman and Schwartz (1963).
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underissue during this period and concluded that the note-issuing banks were con-
cerned about the demand-liability feature of their outstanding notes, which points
to a reserve management problem faced by banks. Under a complete markets as-
sumption, theory predicts overissue since banks can then always keep any amount
of their notes outstanding. Thus, these models are not able to reconcile the public
acceptance of the private notes with the facts about underissue during this period.

In this paper, we build a model of private money in the decentralized mar-
kets framework introduced by Kiyotaki and Wright (1989). Indeed, little needs
to be added to the standard random matching model of money in order for in-
side money in the form of private bank notes to circulate as media of exchange
and for a reserve management problem to arise for the note-issuing banks. Our
model contains the following two features. First, the no-note-issuing public treats
all notes and fiat money as perfect substitutes. Second, banks cannot keep the
entire amount of their notes outstanding, since notes are redeemed as a result of
the random and endogenous trades. The same market incompleteness that gives
rise to money as a medium of exchange thus creates a reserve management prob-
lem for banks. In other words, banks are subject to frictions when raising the
funds required to meet the random redemptions of their notes. We demonstrate
that solving this problem makes it possible to reconcile optimizing behavior with
limited note issue.

In our model, a subset of the agents is endowed with the ability to issue lia-
bilities in order to finance consumption during encounters with producers of their
preferred good. We will identify these agents with banks and the liabilities with
bank notes. Banks also have the capability of recording with a clearinghouse, the
treasury, their earnings from money accepted in decentralized trades. This tech-
nology enables them to build reserves by making deposits with the treasury, but
it also creates a redemption process, since circulating notes might get redeemed
in any given period if they are deposited as reserves of other banks. We assume
that the treasury removes the banking technology from banks that hold an amount
of reserves smaller than the amount of notes redeemed in a given period. Only
a fraction of the outstanding notes of a bank is redeemed in any given period, so
this rule is much weaker than, say, 100% reserve requirements. Since banks do not
have the opportunity to always keep their issued notes outstanding, they must be
concerned with the amount of reserves they hold, keeping in mind the probability
of losing their note-issuing privilege if caught with negative reserves.

We demonstrate the existence of a monetary steady state equilibrium where
liabilities circulate as private media of exchange, as a perfect substitute for fiat
money. We characterize the optimal policy rules for banks and find that, for high
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discount factors, banks will limit their note issue. Indeed, concerned about the
amount of their notes redeemed, banks in some states forgo consumption and do
not issue new notes while, at the same time, they suffer the disutility of production
in order to improve their reserve position. Finally, we demonstrate that if banks
discount the future at a sufficiently low rate, they will never issue notes unless
they can back them in reserves. Thus, 100% reserves may arise endogenously as
a special case in our model. We also find that for low discount factors, most banks
will be “illiquid” and may even display “wildcat behavior,” i.e., they might find it
optimal to concentrate on the short-run benefits of note issue and eventually exit
the banking sector by failing to honor redemptions. Perhaps not surprisingly, our
results on a stable monetary system depend on conditions guaranteeing the long-
run profitability of banks. More precisely, three features of our model guarantee
that the frequency of consumption for banks is higher than that of non-banks.
First, there is limited entry in the banking sector. Second, since we do not impose
100% reserve requirements, banks have access to a form of borrowing through the
“floating” of notes, which is not available to non-banks. Finally, the banking tech-
nology allows for the accumulation of reserves (in the form of record-keeping),
while non-banks can hold at most one unit of money. Although the upper bound
on money holdings greatly simplifies the analysis, we conjecture that it is not es-
sential for generating a profitable bank sector, especially in the presence of the
generous reserve requirement assumed here.

If we interpret private note issue as a form of credit, our model makes the
methodological contribution of introducing credit in a lack-of-double-coincidence
model of money. In the Kiyotaki-Wright model, market incompleteness, as mod-
elled by a random matching technology, together with the assumption that agents’
histories are not part of a public record, creates a role for money as a medium of
exchange. However, in a world with fully decentralized markets and with agents’
histories being private information, arrangements such as credit cannot exist. Dia-
mond (1990), Shi (1996), and Aiyagari and Williamson (1997) provide alternative
ways of introducing credit in a search framework, but in none of these models do
liabilities circulate as private media of exchange, a necessary condition for them
to be interpreted as private money.

The important question of whether this arrangement is part of an optimal one
is left for future research. A standard Kiyotaki-Wright type model follows as
a special case of ours. This leads us to the conjecture that the introduction of
private liabilities might, at least in the cases where outside money is scarce, lead to
improved welfare. We further speculate on this issue in our Conclusions section.
The paper proceeds as follows: Section Il describes the economic environment.

5



Section Ill contains the steady state value functions. Section IV characterizes
the optimal policy rules and deals with the existence of a steady state monetary
equilibrium. Section V concludes the paper. The appendix contains some of the
proofs.

2 The Economic Environment

Time is discretet, measured over the positive integers. There [8, é] contin-

uum of each ok types of infinitely lived agents, and there &e 3 indivisible
perishable goods. The total measure of agents in the economy is 1. Agents are
specialized in production and consumption of goods. Agents ofitgpasume

goodi only and produce gooidt- 1 only (modk). All agents are expected utility
maximizers, and the “discount factor” i a positive number. Agents are ran-
domly matched pairwise, once in every period. As is common in this literature,
the assumptions on specialization rule out double coincidence meetings. The only
storable assets are indivisible money objects that can be either government or pri-
vate money. Each person has a storage capacity of one unit of money, government
or private, and can produce at most one unit of good. We{gt denote the frac-

tion of each consumption type that is holding government money. Consumption
of one unit of good gives utility, and production of one unit gives disutiligy

We assume that > e.

An uncountable subset of tte, %] continuum for each type is endowed with
the ability to costlessly issue one unit of liability per period in exchange for pur-
chases of goods. We will identify these agents veiimksand will refer to these
liabilities asbank notes We assume that private notes are treated as a perfect
substitute for each other and for outside money in all trades and demonstrate that
this assumption is consistent with a steady state equilibrium. While there might
exist other monetary equilibria where some or all notes are not accepted as a sub-
stitute of outside money, we thus concentrate on the steady state equilibrium that
is consistent with historical observations from the National Banking Era.

Banks also have a capacity to hold, at most, one unit of outside money but have
the ability to record-keep any notes or fiat money they earned from production
with a central location. We will identify this storage seserves deposited with
the treasuryGiven the production technology for goods, these assumptions imply
that one unit of money (fiat or notes) is exchanged for one unit of goods in all
decentralized trades, i.e., prices are exogenous. We tktnote the (integer)
amount of reserves for a bank agent. Except for their ability to issue notes and



record reserves, banks in this model are identical to non-banks. Notes issued
circulate as private media of exchange until they are deposited by other banks.
We letm be the (integer) amount of its own notes in circulation for a bank. We
assume that the treasury acts according to the following exogenous rule: whenever
a note issued by banks deposited by bank the account of the depositing bapk

is credited and the account of the issuing baisldebited by one. We identify this
process with aedemption process for the notékhis note subsequently becomes

a mere record-keeping devitéf a bank has a negative balance in a given period,
i.e., if the amount of its own notes deposited by other banks with the treasury
in that period exceeds its reserves, the treasury adopts the exogenous policy of
depriving it of the banking technology. In this case, the bank becomes a non-
bank in the model and is given one unit of fiat money upon &xXitle letq €

[0,1] be the fraction of banks in the population and in each consumption type
that exits the banking sector because of a negative balance in each period. Notes
issued by banks that exit the industry might circulate in periods after the exit. We
assume that the treasury and, therefore, all other agents in the model will honor
such notes. Even though we do not model collateral explicitly in the model, this
assumption captures the feature that bank notes during the National Banking Era
had an implicit government guarantee, so that note holders were not facing any
substantial risk from failures of note-issuing bafiks.

Since exit from the banking sector is possible, for a steady state where the
size of this sector is constant, we will also need entry as well as exit from the
non-banking sector. We assume that with probabfligy (0, 1), each agent in the
model dies and is replaced by a newborn. In the case where the exiting agent holds
a note, the treasury redeems that note and adjusts the reserve béalakiedst
Ky € (0,1) be the fraction of newborns that are banks. Banks enter the economy

4Clearly, there are many ways to model the treasury’s information in this model. We keep this
information minimal, assuming that the treasury knows banks’ reserves but not their number of
notes in circulation.

SThis is only a simplifying assumption. It guarantees that banks always deposit every unit of
fiat money or notes they earn so that we need to keep track of one less state variable.

8During the National Banking Era, notes were fully backed by purchases of U.S. government
bonds. The bonds were paying interest that, absent any hidden costs, made note issue a most
profitable investment for banks. One question is why the entire amount of eligible bonds was
not used in order to support note issue during most of that period (see Friedman and Schwartz
(1963)). Here, we explore the implications of having the market for putting redeemed notes back
in circulationimmediatelybeing “missing.”

’Our results would go through if we assumed that agents’ money holdings “disappear” after
their deaths. We, however, find our current assumption more convenient to work with.



with (d,m) = (0,0). We also assume that a fractiqs, of the non-bank newborns
enters with one unit of money holdings. We et ; + 1. We letB = (1-9)B €

(0,1) be the effective discount factBrBanks and non-banks alike trade after the
period starts. Each agent’s type, including whether it is a bank or not, is private
information. If a bank knew that it is dealing with another bank, then it might
want to avoid issuing a note because this note would be redeemed in the current
period if issued. With individual banking privileges being private information, we
need to consider one fewer decision variable. We will concentrate on steady state
equilibrium outcomes where all private notes are accepted as perfect substitutes.
As mentioned above, the upper bound and indivisibility assumptions make prices
exogenous, i.e., one unit of a good is always exchanged for one unit of fiat money
or a note. For simplicity, we will rule out money-for-money tradesfter trades

occur, and since we assume that banks that exit because of a negative balance are
given one unit of fiat money, banks will always deposit their earnings with the
treasury. The reserve balances are then adjusted. Finally, right before the new
period starts, each bank is informed of its new reserve balance, from which each
can infer the amount of its notes remaining in circulation. The timing of actions
within a period is as follows:

t:— [Vg m] — trader— deposits— deaths— [wy ] — balance ad justment:: t+1,

1)

wherevy 1, is the steady state value function of a bank of tygam), andwy m is

the steady state value function after a bank has deposited its earnings for the pe-
riod, but before the redemption process and the balance readjustment occur. For
non-banks, the state m € {0,1}, and in each period, they choose the probabil-

ity a € [0,1] of accepting money (fiat or notes) in exchange for producing. For
banks, the state i@, m) € Nx N, and in each period, they choo&g m, ¢y m) €

[0,1] x [0, 1], whereyy 1, is the probability of accepting money in exchange for pro-
ducing andp, r,, is the probability of issuing money in exchange for consuming, at

8Notice that this specification does not require lﬁhh’e less than 1.

9Clearly, a bank has an incentive to exchange one of its own notes for a note issued by another
bank. However, since the non-bank is indifferent between the two, the case where all non-banks
refuse such trades is consistent with an equilibrium. Including such money-for-money trades will
not change the results, provided that the same upper bound conditions hold.



state(d, m).1% We letxy m be the measure of banks of tyfm m) within each con-
sumption type and, therefore, in the population. We defne 3 g mYy rXa,m and

X =Y 4 m®Py mXa,m to be the fraction of banks that are willing to increase their re-
serves by producing and the fraction of banks that are willing to issue a new note
in exchange for consumption, respectively, within a given period. Similarly,
stands for the measure of non-banks with 0 or 1 unit of money, respectively. Fea-
sibility requires thatg + ¢ + Y 4 mXg,m = 1. In order to calculate the stationary
measure of banks, observe that the fraction of banks tomorrow equals the fraction
of banks today minus the exogenous fraction of banks that die, minus the endoge-
nous fraction of banks that exit because of a negative balance, plus the fraction of
newborns that are banks. In other worm:j,m = (1-9)(2X4m) — g+ 90y Thus,
provided thag < oy, the steady state measure of bankg,is %.

Since a bank will always find it optimal to deposit with the treasury every unit
of money it earns, a note that is already in circulation is redeemed if it is earned
by another bank in exchange for production or if it is in the hands of a non-bank
that diest! Therefore,m, the probability that any note is redeemed, is given by:
=3+ (1—8)¥. Henceris bounded below by. Because there is a constant
inflow of non-banks with and without money in the economyyandc, are also
bounded away from zero. In what follows, we will concentrate on equilibria that
are symmetric across agent types.

3 Steady State Value Functions

In this section, we describe the steady state value functions. \§edethe value
of a non-bank with € {0,1} units of money. First, for a non-bank with one unit
of money holdings we have

~l =

S_L:

(aco+yx) (U+Bso) + {1— % (a00+vx)} Bsy. (2)

10Recall that, being consistent with observations from the National Banking Era, we concentrate
on arrangements where all notes are treated symmetrically in decentralized trades. Thus, we do
not index the agents’ choice variables by the type of notes they are offered.

lsince there is a continuum of banks, we will ignore the case where a bank is presented with
one of its own notes.



The first part of the above equation gives the expected payoff from a trade as
a consumer in a single-coincidence meeting with a producer. The second part
describes the expected payoff if no such trade occurs. For a non-bank with zero
units of money holdings we have

1 1
So = i (C1+ @) max{a(—e+Psy) + (1 a)Bso] + {1— et ch)} B (3)
The first part of the above equation gives the expected payoff of a non-bank from a
trade as a producer in a single-coincidence meeting with a consumer. The second
part gives the expected payoff if no such trade occurs. Next, the symmetric steady
state value function for a bank of typd, m) is given by

[EEN

Vaym = 1 (C1-+ @ Max Vo~ B0l ) + (1~ Vo) B o

+%(a00 +VX) mX{cpd,m U+ PBW_ 1+ (1= D)W | + (1= Gy ) BV 1 |
+ {1— % (C1+@x) — %(GCO+VX)} BWG - (4)

The probability of redemption for a note in a given period depends on whether
the note is issued in that period or whether it was already in circulation. A newly
issued note is redeemed if it is accepted by a bank or if it is held by a non-bank that
dies. We denote the probability of this eventfiyywherep = yxf&% + yffg%o. For

a note already in circulation the probability of redemptiomisis defined earlier.

The first part of the value function describes the expected payoff of a bank of type
(d,m) from a trade as a producer in a single coincidence meeting with a consumer.
The second part of the equation gives the expected payoff of a bank aftype

from a trade as a consumer in a single-coincidence meeting with a producer. The
last part describes the expected payoff if no such trades occur. Weg jebe the

value function after the bank has deposited the earnings for the period with the
treasury, but before the redemption process and the balance readjustment occur.
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The index| takes value 1 if a bank issues a note in a given period, and value 0
otherwise. We then have:

W(Jj,m: z p(iam)vd—i,m-i-j—i + z ld,mp(ivm)sﬂ.a (5)

0<i<min{d,m} d<i<m

wherep(i,m) = (T)m(1— ™, j = 1 if a new note enters circulation, while
1, if m>d;
0, if m<d.
sum corresponds to the possibility that the notes redeemed do not exceed the
bank’s reserves and, therefore, the bank remains in business. The second sum
corresponds to the possibility that the notes redeemed from the treasury in that
period exceed the bank’s recorded reserves and, therefore, the bank will exit the
sector in the next period. The number of notes redeemed within a period is a ran-
dom variable following a binomial distribution, and the bank takes the redemption
probability,1t, as given. In order to define a steady state equilibrium for this econ-
omy, we first need to consider the law of motionxgfy,. In the appendix, we
demonstrate how the optimal decision rules define an ope@tanapping the
distribution of banks across states at the beginning of the period to distributions of
banks across states at the end of the period. As we mentioned before, we assume
that those banks that end the period with a negative balance will exit the indus-
try. To capture this fact, we also define an operdtanapping the distribution of

bank types at the beginning of a period to the distribution at the beginning of the
next period. At a steady state equilibrium we have thatT x, and the measure

of banks that exit the industry is given lay= 3 (4.0 m>0; QXd,m- We have the
following:

j = 0 otherwise, andly m = In the expression above, the first

Definition: A symmetric steady state equilibrium is a set of value functieng
with s: {0,1} — R and v: N x N — R, together with a set of policy functions,
{a,y, @}, a distribution over non-banks and banKs, cp,c;}, where x Nx N —
[0,1] and @, c; € [0,1], a measure of fiat money in circulation g, and a prob-
ability of a note being redeemern ¢ [0, 1], such that

(1) s0,s1 are the solutions to the functional equation for non-banks wihéen
optimal.

(2) v is the solution to the functional equation for banks wiyeand @ are
optimal.

(3 x=Tx
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4) ¢y = (1-19) [c1+<pr(CO+(1 iy ¢ 1]+q+6u2.
5) co=(1— )[(1—M)co+mc]+5(1—p).

(4)
(5) co
(6) =0+ (1- 6)k,q Z{md :d<0, m>0}QX(dm
(7) 9+ dpp = dMfiat + (1 — 5)mf|aty|f

(8) co+Cr+ Ydm¥dm=1, ¥ dmMXym+ Miat = Cr.

Conditions (1) and (2) above are self-explanatory. Conditions (3),(4) and (5)
require that the agents’ behavior is consistent with the steady state distribution
over banks and non-banks. Condition (6) requires that the redemption probability
and the measure of banks that exit are consistent with the agents’ optimal behavior.
Condition (7) equates the inflow to the outflow of fiat (outside) money in the
economy. Finally, condition (8) describes aggregate feasibility. Next we move to
the question of characterizing the banks’ optimal policies at steady state.

4 Characterizing Policy Rules

In this section, we characterize the optimal policy rules for the agents in the econ-
omy and demonstrate the existence of a monetary steady state equilibrium. The
first Lemma gives a sufficient condition for non-banks to accept money (fiat and
private) in exchange for service in a symmetric steady state equilibrium. This will
be helpful in showing that a monetary equilibrium exists.

Lemma 1: Suppose thagd(1—p) > (%—1) «1;. Then, non-banks accept
money if other non-banks do; so= 1.

Recall thapu= p + . Note that the condition of Lemma 1 will tend to be sat-
isfied if the discount factor is large and if the fraction of newborns that are banks is
small. If the fraction of agents that can issue notes is too high, a steady state equi-
librium where notes are valued might not exist. It is also intuitive that non-banks
will tend to accept money when the ratigeis sufficiently high. The next Lemma
establishes the monotonicity properties of the value function for banks. It asserts
that the value function is increasing in the amount of reserves and decreasing in
the amount of notes in circulation.
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Lemma 2: The value functiong, is (a) weakly increasing in d and (b) weakly
decreasing inm

The next Lemma says that the value of a bank is always greater than the value
of a non-bank with one unit of money holdings which, in turn, is greater than the
value of a non-bank with no money holdings. Banks in our model can do every-
thing that non-banks can, and, in addition, they can record earnings in reserves and
“borrow” by costlessly issuing new liabilities. This additional value of remaining
in business will make the reserve management problem meaningful.

Lemma 3: 59 < $; < Vg, for all d and allm.

Our goal in this section is to characterize the behavior of banks at a monetary
steady state. We build toward the characterization through a sequence of claims
describing the optimal policy rules for banks throughout the state space. A sum-
mary of this exercise is presented in Figure 1. First, we find it convenient to prove
a Lemma for the following special case.

Lemma 4: If B is sufficiently large, them, o = 0.

The above Lemma provides a sufficient condition for a bank at 8af® to
choose not to issue a note in exchange for consumption if this note is not backed,
in order to avoid a positive probability of having to exit. Recall that exit will occur
if the producer in this meeting is another bank and thus the note gets redeemed.
Although Lemma 4 is about a special case, we will find that its proof can be
used in order to prove more general propositions later. Here is some intuition
for the proof. By issuing a note at staf@,0), a bank faces the possibility of
having negative reserves and being forced to exit. The immediate gain of issuing
a note is equal to the utility of consumptiam,As agents become more patient,
the difference in utility between being a bank or a non-bank grows unboundedly.
Thus, by issuing a note a bank faces an arbitrarily large utility loss with positive
probability. This cost outweighs the short-run gain of printing a note today. A
higher 3 can, therefore, reduce liquidity in the economy. Furthermore, as the
discount factor approaches 1, a self-imposed 100% reserve requirement becomes
the optimal policy for most banks in a steady state. The proof of Lemma 4 explores
the fact that any small entry of non-banks with money in every pe(iind> 0)
suffices to provide a positive lower bound on the liquidity in the economy and, as
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a result, on the probability that a newborn bank will accumulate enough reserves
to enjoy consumption.

This behavior originates from assumptions guaranteeing that, on average,
banks have a higher frequency of consumption than non-banks. First, there is
limited entry in the banking sector. Second, since we do not impose 100% reserve
requirements, banks have access to a form of borrowing through the floating of
notes, which is not available to non-banks. Third, the banking technology allows
for the accumulation of reserves (in the form of record-keeping), while non-banks
can hold at most one unit of money. The next proposition provides a benchmark
case. It says that if banks discount the future at a sufficiently high rate, they will
always choose to borrow and consume today. The proof is trivial and, thus, omit-
ted.

Proposition 1: If B is sufficiently small, theqy, ,, = 1 for all d and all m

The next proposition characterizes the optimal behavior of banks around the
4% line in the (d, m) space for different values of the underlying parameters (see
Figure 1). States above this line correspond to “illiquid” banks in the sense that for
banks in this region the amount of notes outstanding is greater than the amount of
reserves. States below this line have the opposite implication. Generally, a bank
will choose to cross into the illiquid zone provided that it is large enough, since,
in that case, the probability of a resulting negative balance in this region is small.
At the same time, if the discount factor is high enough, banks around tH:é5
will also choose to produce in order to improve their reserve position.

Proposition 2: (a) Fix d. Then afd — 1, ¢y 4 = 0.
(b) FixB € (0,1). There exists D such thgy 4 = 1ifd > D.
(c) Fix (d,m) such that m< d. Thengy ,, = 1.

The proof of part (a) follows from Lemma 1. For fixell a bank issuing a
note at statéd,d) faces a probability of being caught with negative reserves that
is bounded away from zero. Thus, for beta large enoggly,= 0. The proof
of part (b) relies on two facts. First, f@ less than one, the cost of exiting the
industry is finite. Second, asgrows, a bank issuing a note at statied) faces
a probability of being caught with negative reserves that is close to zero. Part
(c) is established by comparing the immediate gain of issuing an additional note
(i.e., the utility of consumptiony) with the loss from having one extra note in
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circulation. It is shown that whem is less thard, this loss is less than in
present value terms. This is true since, wineis less thard, the value function
satisfies the condition thag m — Vg my1 < U/B.

The next proposition characterizes the behavior of banks that are “too liquid”
or “too illiquid” in the sense that eithest — m or m— d are positive and large,
respectively. Banks that have too many reserves compared with the amount of
their notes outstanding will concentrate on issuing more notes instead of building
additional reserves. Perhaps not surprisingly, banks that have too few reserves
compared with the amount of their notes outstanding will do the same, since they
expect to exit the banking sector with probability one in the near future.

Proposition 3: (a) Fix m There exists a R such that for all &> D, @y, = 1.
(b) Fix m There exists a R such that for all &> Dy, Ya,m= 0.

(c) Fix d. There exists an Msuch that for all m> Mg, @y, = 1.

(d) Fix d. There exists an WMsuch that for all m> My, Yy, = 0.

The next proposition asserts thafifis high enough and < m, banks will
always work toward improving their reserve position. The proof follows from a
similar argument to that in the proofs of Propositions 2 and 3. An increase in
the reserve position implies a discrete reduction in the probability of being caught
with negative reserves. Since, @sipproaches 1, the loss of exiting the banking
industry grows unboundedly, it is worth it for a bank to suffer the disutility of
production €) and to forfeit the utility of consumptionuf in order to improve its
reserve balance.

Proposition 4: Fix (d,m), such that d< m. Asf3 approaches 1, we have
@) ygm=1.
(b) @4m = 0.

The statements in the above propositions are summarized in Figure 1. As the
values ofd andm vary, the optimal policy rules give rise to four regions in the
(d,m) space. In region |, the bank’s reserves are high compared to the number of
its notes in circulation. In that case, a bank will find it optimal to issue a note when
faced with the opportunity, thus increasing the number of its notes in circulation.
At the same time, such a bank will reject opportunities to increase its reserves.
Banks in region Il will still find it optimal to put a new note in circulation, given
the opportunity, but being less liquid, they will now also accept trades that increase
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their reserves. Banks in region 1l are becoming alarmingly illiquid and will find it
optimal to both improve their reserves and stop issuing new notes. In other words,
concerned about the possibility of having to give up their note issuing privilege,
these banks will concentrate on improving their reserve position. Finally, banks
in region IV have too few reserves compared to the number of their notes in cir-
culation and will thus have to exit the banking sector with high probability in the
near future. These banks would not benefit from increasing their reserves since
redemptions will arrive at a faster rate, making them even less liquid than before.
They will, therefore, exhibit “wildcat banking” behavior and will only issue new
notes until they are forced to exit due to a negative balance. Notice that in all four
cases, the redemption process reduces both reserves and the notes in circulation
by the same number and thus always moves a bank southwest, aloRdjree45
While banks in our model will not enter region IV voluntarily, we cannot rule out
the possibility that the redemption process might bring them there from another
region. In that case, they will never exit this region before they exit the banking
sector.

Given our assumptions on the technology and the treasury policy, and given
the optimal policy rules for banks, the next Lemma asserts that at each point in
time, all but an arbitrarily small number of banks will have a bounded number of
notes in circulation and, therefore, a bounded number of notes in reserves. Recall
that a bank can issue at most, one note per period, and the probability of a note’s
being redeemed is bounded away from zero. As the number of notes in circulation
becomes large, the fraction of these notes redeemed approaches a constant, and
the number of notes redeemed becomes greater than 1 for all but an arbitrarily
small fraction of banks, which we will ignore. Lgtbe an invariant distribution
of banks across statéd, m).

Lemma 5: For all € > 0O, there exists an M large enough such that for aJl d
>dm>MXdm < €and forallm Y g>m mXdm <&

Next, Proposition 5 says that there exists a unique invariant distribution on
the state space, associated with a symmetric monetary equilibrium. An arbitrarily
small probability of deaths guarantees that transition probabilities to any state are
bounded away from zero. This, in turn, implies that the mapping from the distri-
bution of banks acros&l, m) types today to the distribution tomorrow satisfies a
contraction property. For the proof of this proposition we impose an upper bound
on the state space for banks. The previous Lemma suggests that this bound, if
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large enough, will not bind but for an arbitrarily small number of banks. In ad-
dition, Proposition 5 asserts that in a monetary equilibrium, a positive fraction of
banks will both issue and accept private liabilities.

Proposition 5: Suppose that a monetary equilibrium exists. This equilibrium is
characterized by a unique invariant distributigq, of banks across statéd, m).
Furthermore, if is sufficiently large and e is sufficiently smah,> 0O andg@x > 0

Proposition 6 asserts the existence of a steady state monetary equilibrium with
a nontrivial distribution over bank states. The proof is similar to the one in Aiya-
gari and Wallace (1991) and, thus, omitted.
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Proposition 6: For the parameters satisfying the condition of Lemma 1, there
exists a monetary steady state equilibrium with trade and a non-degenerate asset
distribution for the banks.

LetNB= 3 (g m):d<m} (M—d)Xy m be the total amount of circulating notes that
are not backed by reserves in the economy. The following proposition suggests
that for low enough discount factors, banks will issue notes not backed in reserves,
while if the discount factor is sufficiently high, they will remain completely liquid,
in which case there will be no exit from the sector because of negative reserves.
It is worth mentioning that the last case is consistent with 100% reserves arising
endogenously as part of an equilibrium outcome.

Corollary: (a) If B is high enough, there exists a steady state equilibrium with
NB=0.
(b) If B and earelow enough, there exists a steady state equilibrium with-NB

Figure 1 provides the intuition for part (a). Proposition 2(a) implies that for
high enough discount factors, banks will never cross tHeli#® in the (d, m)
space (withd andm less than a fixed upper bou). In this case, there are no
illiquid banks in equilibrium. To see why the claim in part (b) holds, consider
the limit case where = 0. Notice that the condition in Lemma 1 is satisfied for
all B € (0,1). Then Proposition 6 guarantees the existence of a monetary steady
state. Using our characterization of the decision rules, we can conclude that, for
[ sufficiently low, there is a positive probability that a newborn bank will become
illiquid in some finite time. Since there is a positive measure of banks at state
(0,0), we can then conclude that there will be a positive number of illiquid banks.
By a continuity argument, we can then argue that there exists an equilibrium with
illiquid banks fore close to zero.

5 Conclusions

We studied private money issue and redemption in a version of the framework
of the Kiyotaki-Wright model. In our model, a departure from the extreme de-

centralized markets allows for private liabilities to circulate as media of exchange
in a symmetric steady state equilibrium. The optimal policy rules, as summa-
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rized in Figure 1, suggest that liability issuers in certain states forgo consumption
and suffer the disutility of production in order to build a better reserve position.
The market incompleteness leads liability-issuing banks to be concerned about
the amount of their outstanding notes, even though the public views all notes and
currency as perfect substitutes. This suggests that rules less restrictive than 100%
reserve requirements can be consistent with a money-issuing banking system that
is stable. Admittedly, the model is extreme in many respects. For example, the
market frictions of the matching model that we studied rule out the possibility
of redeemed notes being put back in circulation immediately, or that borrowing
is used in order to prevent a negative balance. Certainly, the (limited) ability of
banks to borrow or to keep issued notes outstanding is not described by either ex-
treme. However, as long as banks are not able to keep the entire amount of their
notes in circulation, they will be concerned about their reserve position even when
the public views all notes and currency as perfect substitutes. In such cases, the
reserve management problem will be relevant.

Extensions of the basic model studied here could include studying the case
where all agents can have access to the note-issuing technology, as well as the
case where agents’ types are publicly known in decentralized trades. In the latter
case, a bank might refuse to trade with another bank, knowing that in this case
redemption will occur instantly and, instead, might wait for a meeting with a
non-bank producer in order to consume. By introducing divisible production, we
could study endogenous price formation via a bargaining protocol. This would
complicate the model significantly, but it should not affect any of our results.
Another extension would be to allow for the case where notes issued by banks
that exit the industry cannot be used as reserves and, therefore, there is some risk
to the note holders. We believe that most of our results will also hold true in that
case.

One question is that of a welfare comparison between our model and, say,
a standard Kiyotaki-Wright model with the same steady state amount of outside
money. Although we do not explicitly study this question in this paper, it is worth
speculating. If the stock of outside money in the economy is small, i.e., if outside
money is scarce, the ability to issue inside money will almost certainly enhance
trade and, therefore, improve welfare. Interestingly, this is consistent with histori-
cal observations about scarcity of money and the introduction of private money in
colonial Americat?

Potentially important issues to study are the optimality properties of our steady

12gee, for example, Hanson (1979).
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state equilibrium and alternative policy rules for the treasury. For example, this
framework seems suitable for a welfare comparison between inelastic and elastic
currency regimes in the presence of periodic cycles in the demand for currency.
We leave such questions for future research.
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7 Appendix

The law of motion of X4 »: The optimal decision rules define an operatgy,
mapping the distribution of banks across states at the beginning of the period to
distributions of banks across states at the end of the period. Formal(y,Zet
{f:NxN =R} andG = {g:Z xN—R}. Then we define the operatQ:
G— G by

C1+¢X ro P
Qty o = 3 (1875 VaPEram(dsm) + (L= Yam) (1)
m

)

+a I 1o o
T ;(1—6>VX 2 Qi [PPAm(dsm) + (1= PIPE ()| + (1= G ) PR 11) g
m

CL+@X YX+0Cp .
+5 (15 [1- 28 YLER B g

)

+6|“l)©70|{(d’,m’):(0,0)}' (6)

The first sum in the above expression describes the transition tq dtate),
provided the bank trades as a producer. The second and third sums describe the
transition to statéd’,m), provided the bank trades as a consumer or does not
trade at all, respectively. Finally, the last expression refers to the entry to state
(0,0) by a newborn bank. More precisely, for the transition probabilities we have

i o0 [ pi,m), if i=m-m >0, j=0or(i=m+1-m >0, j=1);
Pam(d,m) = { 0, otherwise
(7)

The above expression describes the respective steady state transition proba-
bilities, P} m(d',m’), from any statdd, m) at the beginning of the period, to state

(d',m), after the balance adjustments take place. The indeflects the fact that
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the transition probabilities depend on whether a new note was issued in the cur-
rent period. The number of notes redeemed within a period is a random variable
following a binomial distribution, and the bank takes the redemption probability,
T1, as given.

As we mentioned before, we assume that those banks that end the period with a
negative balance will exit the industry. To capture this fact we define the operator
T : G — G, mapping the distribution of bank agent types at the beginning of
a period to the distribution at the beginning of the next period. Formally, for all
(d',m), T is defined as the restriction Gfto the set of banks that stay in business:

TXd’,m’ = QXdr,mr.

Proof of Lemma 1: We have thatx = 1 if s — 50 > g or, by substituting, i{%(coJr
YU+ (c1+ @) €l[1—B(1— g (co+VX) — & (c1+ )]~ > § or, by rearranging,
if &(co-+yx) > (% — 1) v21. Sincecg > 8(1— 1), the above condition will be

satisfied if15(1— ) > (% . 1) «L1. This condition holds if eitheu — e or B is
high enoughm

Proof of Lemma 2: (a) We first demonstrate thatis weakly increasing in

d. LetG= {f:NxN — R}. Define the operatol : G — G by Tv= {left

hand side of the functional equation for a bankVe know thatT has a unique
fixed point, v, in the space of bounded continuous functions.T l&lso maps

the space of weakly increasing continuous functions into itself, and since this
space is complete, this fixed point will also be a weakly increasing continuous
function. We need to show thdt preserves monotonicity, i.e., for any fixed

m, d; < dp implies thatTv(d;,m) < Tv(dp,m). We first show that for alin

and anyj, W(]jl’m < W(]jz’m. First, consider the case whedg > m. Thenwélmm =
Yo<i<m (T)T (L= 9™y _i my j_i» Whereh = 1,2. Notice that the terms multi-
plying v are the same fon = 1,2. Sincev is monotone, it follows thawévm 5
monotone. Next, consider the case wheirec m. Then

Wy m = Sosi<m (1) (L= T0™ Vg —ims i + Tay<icm (T) T (1 =19 sy

Note that the firstl; terms in the first sum are weakly greater whigr= d, than
whend, = dy, given thatv is monotonically increasing id. The result then fol-
lows, since, for alld, m), vy m > S1. By the same reasoning, the desired inequality
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follows for the case whereé;, < m < dy, since, once agaiw,is monotonically in-
creasing ird and, for all(d, m), Vg m > 1.

(b) Now we show that is weakly decreasing im. Using the argument in
(a), we need to show that for any fixet] m; < mp implies thatTv(d,m) >
Tv(d,mp). As before, we first show that for al and anyj, w) my = W) m,. Ve

consider the case whens, < d first. In that casewé m, = 20<i<m, (™) (1
)™ Vg _i m+j—i- Define p(i,m) by p(i,m) = ()1 (1— m™'. We then have

. e o m-i . . . . .
pg('n’m)l) e %(ﬁn];)nﬂ—' = Mt Lo This expression is less than 1 if and
' (M1

only if i > 1(m+-1). Therefore,p(i,m) is greater thamp(i,m+ 1) for low values
of i and is lower for high values af The result then follows, sincw(‘JI m IS acon-

vex combination of decreasing functionsrof Therefore,w(‘j my > W(]j i Since

Va,m > 81, for all (d, m), the same argument provides the result for the cases where
d < m and the case wherg; <d < np.

Proof of Lemma 3: For the first inequality, notice that > 0 implies that—e+

Bs; > Bsg, which, in turn, implies thas; > sg+ g and, therefores; > s9. Sincev

is increasing ird and decreasing im, for the second inequality it is sufficient to
show that , > s1, for mlarge. In this case, the bank will have a negative balance
with probability 1 at the end of the period and, therefore, will exit the sector. The
bank can issue one more note this period, and in the next period it will still have
the same value function as a non-bank with one unit of manegovyom > s,

even for an arbitrarily higin. m

Proof of Lemma 4: We have thatp, o = 0 if u < pB(vo,0 —s1) + (1 — p)B(vo,0 —

Vo,1), Where p is the probability that a newly issued note is redeemed. Since
Vo,0 > Vo1, it is sufficient to show thaly o —s; > %. Consider a voluntary 100%-
reserves rule for a bank. According to this arbitrary decision rule, banks issue
notes only if they can fully back them in reserves. We shall deal with a lower
bound for the bank’s value attained by such a rule under a worst-case scenario:
that each bank faces a redemption probability equal tmthat notes never stay

in circulation. Letv'denote the expected discounted utility for banks under this
scenario. Notice that depends only on available reservds,To complete the
description ofv; we choose the production decision rule for banks as follows.
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Banks withd = 0 andd = 1 always produce to acquire reserves. Banks with2
produce if and only if B(V4.1 — Vy) > e. Given these restrictions, S a lower
bound on the optimal value functianTherefore, it will be sufficient to show that
Vo —s1 > 4, for B large enough. Leg; = %(co+yx) andap = #(c1+ @x) be
the probabilities of a single coincidence meeting as a consumer and as a producer
respectively for a bank. Since bath andp, are strictly positivegy andc; are
bounded away from zero, and so greandq,. Ford = 0,1, the value functiorv”
satisfies:
Vo = Bl + Gz[—e+ B(V1 — V)] (8)

and

¥y = BV +qufu+ B(Vo — V)] + [ —e+ B(V2 — V). 9)
Regarding non-banks, we shall work with their optimal values which satjsfy
Bso+02[—e+B(s1—S0)] andsy = Bsy +aa[u+PB(so—s1)]. Given thaig is bounded
away from zero, a straightforward calculation reveals that>V; —e asfp — 1.
Sincep is bounded away from zero, becauses strictly positive, the assertion
thatvp — s; > % holds for 3 sufficiently high, now follows from showing that

V1 —S — +o asf3 — 1. This limit is computed as follows. Given the production
decision rule attaining,”

(1-PB)V2 = qu[u+B(Vy —V2)] + g2max{ 0, —e+ B(V3 —V2) } > qu[u+ B(Vy — ¥2)].

Since (1 — B)Vy = qu[u+ B(Vo — V1)] + gp[—e+ B(V2 — V)], we can work with
Vo — V1 in order to obtain the inequalitil — (1 — g1 — a2)] (V2 — V1) > e+
01B(V1 — Vp). Now (9) implies

1-B(l-a1—)1-B)V1 > (1-B(Ll-01—02))qu—(1-B(1—a1))gze
+(1—PB(1—0a1))q1B(Vo —¥p),

or, rearranging terms,

[1-B(1-a1—-G)](1-PB)¥1 > (1-PB)(quu—0ze)+0gfBu-+ (10)
QB(U—e) + (1—PB(1—a1))dB(Vo— V).
Similarly, expressions fog), s; ands; — sp promptly imply
[1-B(1-a1—q)](1-B)s1 = (1 - P)ouu+ haP(u—e). (11)

Becausear; — Vo — easp — 1, we can use (10) and (11) to notice that

éiinl{[l— Bl-a1—a)](1-B)(V1—s1)} > éiinl{Q%B(U —€)—(1-B)(a+a)e}-
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Sinceu > e andq; is bounded away from zero, we conclude that-$; — +o
as desired

Proof of Proposition 2: (a) @, 4 = 0 if and only ifu+ pBV\/S_l’d +(1- p)Bwévd <
BWSd, where p is the probability that the note is redeemed instantly. This, in
turn, is true ifu < PBOWG g — W3 1)+ (1— P)BWE 4 — Wi ). Sincen] 4 > wy g,

the last inequality follows it < pB(WJ 4 —W3_; 4)- Note thatw, —wg_, 4 =

5 50 p(i, d) (Vo—i,d—i —Va—1-i,a—i) + P(d, d) (Voo —S1) > p(d, d) (Voo —S1). There-
fore, it suffices to show that f@ close to 1u < pBp(d,d) (Voo —$1). This follows
sincevpg—$; — « asP — 1, and sincep > ;6 > 0 andp(d,d) > 3>0.m

(b) Consider the case where=d andd is large. We have thap;q = 1 if
and only if u+ ppwy_ 4+ (1 - p)Bwgy > Pwgy. This is true if and only if
u> pB(WE 4 — BWg_; ) + (1— P)B(WS 4 — Bwg ). Note thatw] ; is bounded,
since it belongs to the intervéd, r”B), and an increasing function df Therefore,
liMg Wi 4 = liMg_,eW] | 4 = K, for some finite constari. Also, w3 , , <
W g < Wé:dﬂ, which implies that i 5o W g = liMg o WG 4 = K. Therefore,
the above inequality holds fa¥large.

(c) Fix (d, m) with d > m. For a bank that can issue a note we havedhat=1if
and only ifu+ pBwg_; ;,,+ (1 — p)BWG o > BWg . We know thatn ; ) < W .
Thus, itis sufficient to show that+Bwg_, ;> Bwg . This, in turn, is true i+
BYLoP(Mi)Vy-1-im-i =BT ZoP(M,i)Vg—im-i which holds ifvg 1 _im i+ 5 >
Vd—im-i, for all 0 <i < m. The proof then reduces to showing that for @/ m)

such thatd > m, Vg m— Vg—1m < % Let C be the set of functions : [0, M]? —
[0, %1] that satisfy this property, wheid is an upper bound on the state space
-

(see Lemma 5 below). For &ltl, m) in [0, M]?, define an operatdF : C — C by

T\7d,m = % (Cl + (px) ma)ﬂ/d,m[yd,m(_e"‘ BW8+1,m) + (1 - yd,m)p’wg,m]

+H(acg +y0) mag,, @y olu+ PBIR 4+ (1 D)BWE ) + (1 Q) PG,
1 (e1+ @) — g (aco+YX)]BWG 1,

where
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W) = Soci<minam (7)1 =0 Vg i mej i + Saci<m
(M (1= 9™ s,

We know thatT has a unique fixed poiny, in the space of bounded continuous
functions. IfT also map<£ into itself, and since this space is complete, the unique
fixed point will also satisfy the desirable property. Therefore, we need to show that
if Vg m satisfiesvg m—Vg_1.m < % for all (d,m) with d < m, then so doe3 vy m.

We have thaflVgm — TVg_1,m = P10z + P20z + Padis, Where py = £ (C1+ @X),

P2 = £(aCo+VX), p3=1— p1 — pp, and

%= ma)ﬂ/d,m[ydvm(_e—’_ BW8+1,m) +(1- Vd,m) BVV&m]
—maxy, . [V m(—€+BWG ) + (1= Yo m) BWY_q 1),

02 = MaXy, {%,m[U+ PBWY_ 1+ (1= P)BWg ] + (1 - (pd’m)BvT/&m}
—mavgy, { QU+ PBAG 50t (1= DB 4 ]+ (1= Gy ) PG g o}
Oz = B(Wg,m - vafl,m)'

m 7

)

It is then sufficient to show that m&g, gy, 03} < &
Stepl: g < %

We have thatjg = B(W ,, — W3_; ,,)- By the definition ofw, and sinced < m,
this expression equaBy " ;p(M,i)[Vg_im-i — Vd_1-im-i]- Sincev satisfies the
desirable property, this expression is less than or equif to u < 3.

Step2: g < 3.

By the same argument as in step 1, we havewlat , —W3_, .\, Wi =Wy 1,
andV\7O —Wg ;,areallless thasy. It is then straightforward to show thej <

B’ for aII p033|ble combinations afy , and@y_; - For example, suppose that
@y m=1andgy_,,,=0.Then

7

< pB(ngl,m - vafz,m) + (1= P)B(Wg

q3:u+p[3vT/g_1m (1 p)BWg , — BWY_ 1m
m—Wi_g
< opy+ (1-p)BY —u< b

m)

)

This implies thall vy , satisfies the desirable property and the proof is comiiete.

Proof of Proposition 3: (a) A bank with an opportunity to consume faces
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max{ Qg U+ PBWG 1o+ (1 PG ] + (1~ )P}
We have tha ,, = 1 if and only ifu+ pBwg_; -+ (1— p)Bwg o, > P . This is
true if and only ifu > pB(WS ;, —W3_; ) + (1— P)B(WG 1, — Wg ). Sincewy ;>
Wy itis sufficient to show that > pB(wW§ ,,—wg_; ;). Note that limy_,, w5 =
liMg_ye ¥ M oP(MiDVE_im—i = ¥ M oliMde{ P(M,i)Vy_im_i}. Also, vis increas-
ing in d and bounded. Thus, the above limit exists and equals a constant, i.e.,
0 < liMg ;00 Vg—i,m-i = Km-i < 145. Therefore, Iirra_m,vv&m = limg_,00 W3
> M oP(M,i)Km_i = Km, a constant, thusy, , = 1, ford large.

—1m~—

(b) Consider a bank facing an opportunity to increase reserves. We have that
Yam = 0 if and only if —e+Bwg, , , < Bwg,, We know that liny_,W3 , =
limg W3 ; ,, = Km. The result then follows fod large.

(c) A bank that is given the opportunity to issue a note faces the following prob-
lem:

max{ @y olu-+ PG 1o+ (1 P)BWG ]+ (1~ Gy )P |

We have that for any fixed, limmy W(jj,m =liMn5e {zid:op(m, DVd_imej—i T3 g1 P(M, i)s1}.

The first sum in this expression is finite, so we havedim p(m,i) = limy e {ﬁﬂ (1—- n)m*i} =

liMmm et (1—m)™ " =0. Thus, Ii%wwé m=lMp e {0+s 5", p(Mi)} =
s1, and, for any fixedl, there exists aMq large enough such thatt ps; + (1 —
p)Bst > Bsy and, thereforegy ,, = 1.

(d) We know thaty ., = 0 if and only if —e+Bwg, ; , < W], Fix d > 0. We
have liMn W) 4 0= liMm oW, . = 1. So givend, there exists a large enough
Mg such that-e+Bwg, ; , = —e+Bsy < Bsy = Pwg ,,, for m> My. Therefore,
Yam=0forallm>My. ®

Proof of Proposition 4: (a) We will prove the claim for the case wheme=
d + 1. The proof can be generalized for any stedem), such thad < m. Fix d.
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Thenqy .4 =0 if and only if u+ pBwg_; 4,1 + (1 — P)BWg 4y < PBWY 4,1 +
BPWG 41 Sincews .1 > Wy 4,4, it is sufficient to show thati+ pBwg_; 4,; <
pr\&dﬂ. We haveu\/gfl,d+1 =54 p(i,d+1)Vg 1 g1 i+[p(d,d+1)+p(d+
Ld+1)sp andwly, g = 5L op(i,d+ 1)Vy_igs1—i + p(d +1,d + 1)s;. There-
fore, w§ 4,3 —W3_1 i1 = 3 g P(i,d+ 1) (Va—idr1—i —Va-1-i,a+1-i) + P(d,d +
1)(Vo1 — s1)- The result then follows, sincef ; ; —w§_; 4, ; — © asp — 1.
To see why this is true, notice theg; = %(cl + @x)Bwy 1+ A ands; = %(cl +
@x)Bs; + B, where for the constant terms we have that B. In addition vy g41-i —
Vd-1-id+1-i = 0, p(d,d+1) > 0, andw, 1 > Vg 0. The implication then follows,
sincevpp —S1 —  asf3 — 1.

(b) We have thayy , = 1 if and only if —e+ B\/\/8+17d+1 > [3\/\/8,d+1. In addition,

W31 gp1 — Wass = SoP(i,d+ 1) (Vasaids1i — Vaigeai) + P(d+1,d+
1)(Voo—S1)- Again,Vgy1-id+1-i —Vd-id+1-i = 0,and, sincat> 0, p(d+1,d+
1) > 0. Thereforeyg o —s1 — « asp — 1. Thus, the result follows

Proof of Lemma 5: Since at a monetary equilibrium we have that 6 > 0O, there
exists a large enough valuerof sayM, such that the number of notes redeemed is
greater than 1, with probability arbitrarily close to 1. Given that banks can issue,
at most, one unit of money per period, we conclude that M for all banks, i.e.,

for anye > 0, M can be chosen such thg, y Xgm < €. ®

Proof of Proposition 5: For mathematical convenience, we impose an exogenous
upper boundM, onm. Lemma 5 shows that if this bound is large enough, it will
not bind with probability 1. This also implies thdtis bounded above byl. We

then have thatl € {0,1,..., M} = Zp andme {0,1,....M} = Zy. Let Z = Zp x

Zyn. The agents’ optimal policies together with the matching technology define a
Markov chain on the finite state spa@u {0, 1}, where{0, 1} represents the two
possible states for the non-banks. Cetdlenote the Markov matrix associated with
the Markov chain. Let denote the cardinality o U {0,1}. Define a mapping
T:3 — 9 by Ts=dl, forall se S, thel-dimensional unit simplex. Consider
the following labeling of the state space: Let O denote the state of a non-bank
with no money, 1 be the state of a non-bank with one unit of money, 2 be the
state of a bank witlid, m) = (0,0), 3 be the state of a bank witld, m) = (1,0),...

. For any such statg,, we have the following lower bounds on the transition
probabilities:Tyj o > 8(1— py), T4 > d, T 2 > Sy, TG 3 > Sy £ (C1 +¢X), ... . For
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j=0,...,1,lete; =mini T ;. Theny | _ej > 8(1— k) + 0+ Spy + By e (1 +@X) +

...> 040> 0. Therefore,T is a contraction of modulus at leastD — g. By the
contraction mapping theorer, has a unique fixed point. In addition, from any
initial distribution across states, the process converges to the invariant distribution
at a geometric rate and there are no cyclically moving subsets. To show that
yx > 0, and sincexpp > 0, it is sufficient to show thay, o = 1. This is true if
—e+Bvy 0> Bvoo. Using@, o = 1 (see proposition 2¢), we havgo = A+ p{u+

PBvoo + (1— p)Bwi o} andvoo = B+ plmax{u+ pBsy + (1 — p)Bwg o, BWO o},
where A and B represent the payoffs when there is no opportunity to consume
and p is the probability of facing the opportunity to issue a note in exchange
for consumption. Note that+ pBvoo+ (1— p) BWio > U+ pPst+ (1— p)BW(lm

and, sincep, = 1, we also have that+ pPvoo+ (1 - p)BWiO > U+ pBs;+ (1—
P)BWG o > Bw] o > Bwg o We conclude thaty o > Voo and, therefore, tha o = 1,

for esmall enough. This, in turn, implies that > 0. To show thatpx > 0, notice
thatyp o > 0 implies thatx; o > 0. But since@, ( = 1, this implies thatpx > 0. B

Proof of Corollary: (a) By Lemma 5§ . m X4 m = 0. By proposition 3(b), there
exists eD such thayy ,,= 0, for alld > D. Then, in a steady state equilibrium, we
have: 3 (g m:m>morasny = 0, whereM = max{D,M}. By proposition 2(a), as

B— 1, we have thatp, 4 = 0 for alld € [0,M]. This, in turn, implies thalNB = 0.

(b) Follows from Proposition 2(bm
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Figure 1:
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