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Abstract

The mechanism-design approach to monetary theory is the search for

fruitful settings in which money is necessary for the achievement of some

desirable allocations. Fruitfulness means that the settings provide insights

about puzzling observations and policy questions. Settings with three

frictions are considered: imperfect monitoring, costly connections among

people, and imperfect recognizability of assets. An illustrative model with

those frictions is used to explain as an optimum the following features

of actual economies: currency is a uniform object; currency is (usually)

dominated in rate of return; some transactions are accomplished using

currency and others are accomplished in other ways.
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1 Introduction

The mechanism-design approach to monetary theory is the search for fruitful
settings or environments in which something that resembles monetary trade
actually accomplishes something� or, in Hahn�s [11] terminology, settings in
which money is essential. Fruitfulness means that the settings provide new
insights about puzzling observations and policy questions.
The search for settings in which money is essential is hardly new. Sug-

gestions about absence-of-double-coincidence di¢ culties go back at least to the
�rst millennium (see Monroe [21]). However, despite being repeated over and

�I am indebted to Ed Green and the editors for helpful comments on an earlier draft.
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over again ever since, those statements are incomplete. After all, if they were
regarded as satisfactory, then the search would long ago have been regarded as
over. If it were over, then the problem of integrating price theory and mone-
tary theory would not have been one of the big unsolved problems in economics
throughout the 20th century.1

Monetary trade accomplishes something if monetary trade is necessary for
the achievement of some desirable allocations. To establish such necessity, it
must be shown that there is no other way to achieve those allocations. That, in
turn, requires that all other ways be considered. Mechanism design is the tool
that can be used to consider all other ways.
Is essentiality in the above sense a reasonable goal? I think so. Mone-

tary trade has been a pervasive phenomenon. While it is conceivable that its
appearance is accidental in the sense that it is one of many equivalent ways
of achieving desirable allocations, I �nd that far-fetched� in part, because the
settings described below in which monetary trade is essential are intrinsically
attractive.
So what kinds of settings lend themselves to a mechanism-design analysis of

monetary trade and are fruitful? Needless to say, models with cash-in-advance
constraints� or, more generally, models with asset-speci�c transaction costs�
and models with real balances as arguments of utility or production functions
are not among the candidates for such settings. The former are ruled out be-
cause their structure does not permit us to ask about other ways of achieving
allocations and the latter are ruled out because they are at best implicit versions
of the former. My general suggestion is that we study environments with three
sorts of frictions: imperfect monitoring, costly connections among people, and
imperfect recognizability of assets.
One of the biggest payo¤s from doing mechanism-design analysis against

the background of such frictions is that it allows us to bypass the distinction
between monetary and �scal policy, and, more generally, to bypass the need to
make assumptions about what policies are feasible. The frictions themselves
dictate what policies are feasible. Ignoring the frictions and their implications
for feasible policies leads to extreme results� as in, for example, Correia et.
al. [6]). In their model, an optimal allocation can be achieved in a variety of
ways� including by command. Hence, in particular, money is not essential. Is
it surprising, then, that there are policies that achieve an optimal allocation?
Frictions are also ignored in getting the equivalence (Modigliani-Miller) results

1For example, Banerjee and Maskin [3] are alluding to that problem when they begin their
1996 paper on money by saying: �Money is something of an embarrassment to economic
theory.�
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in Wallace [29] and Sargent and Smith [24]. In those models, people can commit
to future actions and there is no private information. It is doubful that such
results, and related results like the equivalence between open-market operations
and money creation achieved by way of lump-sum transfers, would hold in the
presence of frictions that make money essential.
The best that can be said about approaches that ignore the frictions that

give monetary trade a role and the implied connections to feasible policies is that
they rest on the view that the unmodeled features that give monetary trade a
role have no implications for feasible policies. Such a view seems inconsistent
with the kinds of frictions listed above that have been shown to give monetary
trade a role. It also seems inconsistent with pervasive observations. Consider
currency� which, despite claims to the contrary, is the best analogue of money
in most existing models because currency is the outside asset that does not bear
explicit interest. We know that currency is widely used in what we label the
underground economy. And we mean by underground activities those that are
di¢ cult to monitor and, therefore, di¢ cult to tax. Hence, there seems to be a
close connection between frictions that give currency a role and feasible taxes.2

I begin by brie�y discussing the three frictions mentioned above: imperfect
monitoring, costly connections among people, and imperfect recognizability of
assets. Then, I turn to a speci�c illustrative model and use it to consider how
close we can get to explaining as an optimum the following features of actual
economies: currency is a uniform object; currency is (usually) dominated in
rate of return; some transactions are accomplished using currency and others
are accomplished in other ways.

2 Some frictions

If money is to be essential, then we need to stay away from the Arrow-Debreu
model and its second welfare theorem. That�s easy enough to do: competitive
trade is not a mechanism and the Arrow-Debreu model assumes that people can
commit to future actions. I assume that trade is accomplished through a mech-
anism and that people cannot commit to future actions. We also need to stay
away from folk-theorem results. That is accomplished by assuming su¢ cient
discounting, a su¢ ciently large number of agents, and imperfect monitoring.

2Despite that, no applied work on issues like the welfare cost of in�ation takes into account
the connection between currency usage and activities that are di¢ cult to monitor and tax.
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2.1 Imperfect monitoring

The ancient absence-of-double-coincidence suggestion is incomplete in at least
one important sense. Does it apply if the two people being described are part
of a small isolated community� a small kibbutz, a small Amish community, or
a family? It seems as if the two people are meant to be strangers. One of the
�rst discussions of the sense they are meant to be strangers is by Ostroy [23].
He suggests that money is a substitute for knowledge of previous actions. The
modern term for describing what is known about previous actions is monitoring:
perfect monitoring means common knowledge of all previous actions; imperfect
monitoring means anything else. Townsend [27] uses imperfect monitoring to
motivate the use of money in an explicit intertemporal model, and Kocherlakota
[15] combines it with no commitment. Given no commitment, which I main-
tain throughout, the crucial proposition implicit in this work is that imperfect
monitoring is necessary for money to be essential.
A proof of such necessity would proceed by contradiction. Suppose there is

perfect monitoring and that there is an implementable allocation that makes
use of �at money, an intrinsically useless object. Perfect monitoring means that
previous actions are common knowledge. So suppose that some initial condition,
which includes the distribution of money holdings, and previous actions deter-
mine the evolution of actions and holdings of money. In other words, there is a
composite mapping from previous actions to current actions, composite in the
sense that an intermediate stage involves money holdings and transfers of money
among people. Now, consider the implied direct mapping from previous actions
to current actions without the use of money. The claim is that implementability
of the actions implied by the composite mapping implies implementability of
the same actions using the direct mapping. Hence, money is not essential.
The above sketch of a proof uses �at money rather than commodity money.

Fiat money is convenient because the alternative mechanism that uses the direct
mapping can simply ignore the �at money� can treat it as worthless. That could
not be done with commodity money. And with commodity money, it is more
delicate to distinguish between monetary trade and nonmonetary trade. Indeed,
the advantage of using �at money in the argument is similar to the advantage
of using it in the quantity theory of money and its neutrality proposition�
something that was done by Hume and others even when actual money was a
commodity.
The above claim is supposed to apply to any model and, in particular, to

models with private information about types. And, there is no assumption about
discounting. No commitment and discounting help determine the conditions for
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implementability, which can always be stated in terms of actions that do not
involve �at money.
Why might money help if there is imperfect monitoring? If the people that

a person will meet in the future do not directly observe what is done today, then
it may help for the person to collect some evidence that can subsequently be
shown. That is, acquiring money today can weaken the person�s future truth-
telling constraints about today�s actions. If we think of �at money as a physical
and durable object like currency, then, counterfeiting aside, it can serve that
role. Others can say �show me�if the person tries to overstate holdings of it.
The above claim implies that one route to a cashless economy is better

and better monitoring. Of course, better monitoring is not the only route to
a cashless economy. More generally, while the claim asserts that imperfect
monitoring is necessary for monetary trade to be essential, it says nothing about
su¢ cient conditions. It does suggest that no monitoring at all� each person�s
previous actions are private information to the person� o¤ers the best shot at
making money essential. However, if we want a setting in which some form of
credit exists, then no monitoring is too extreme.
Credit of any sort requires some monitoring in the sense that someone has to

observe that a person has borrowed. Therefore, if we want both monetary trade
and credit in the same model, we need something between perfect monitoring
and no monitoring. As in other areas of economics� for example, transport costs
in international-trade theory� extreme versions are both easy to describe and
easy to analyze. The challenge is to specify and analyze intermediate situations.

2.2 Costly connections among people

Absence-of-double-coincidence has almost always been described in terms of
meetings between two people. That description has led to a large literature
in which it is assumed that people meet in pairs. Any such model should be
interpreted as one in which connections among people are costly. Models of
pairwise meetings in discrete time assume that one pairwise meeting per period
is free and that all others are in�nitely costly. Models with pairwise meetings
at random, one of which I will use below, assume that the free meeting is
determined randomly. Of course, any such model is very di¤erent from having
everyone together or at least connected as in the Arrow-Debreu model.
It is evident that pairwise meetings were originally invoked as a way to

limit the role of quid pro quo or spot trade in commodities. However, pairwise
meetings are not necessary in order that there be a role for intertemporal trade.
All we need is a potential role for credit and frictions that inhibit credit (see,
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for example, Levine [19]).
So why bother with models of pairwise meetings? One reason for studying

models with pairwise meetings is that such meetings can provide a rationale for
imperfect monitoring. In a large economy, if people meet in pairs and, therefore,
know only what they have experienced or what they have been told by people
they meet, then imperfect monitoring emerges as an implication. This point of
view is explored in Kocherlakota [15] and Araujo [2]. Also, models of pairwise
meetings are attractive settings for exploring issues like counterfeiting (see Nosal
and Wallace [22]), imperfect divisibility of money (see Lee et.al. [18]) and �oat
(see Wallace and Zhu [31]).
However, models of pairwise meetings come with complications. One is the

wide range of equilibrium concepts used to answer the old question: what do a
pair who meet to trade do? One approach taken in the literature is descriptive�
e.g., the buyer and seller make alternating o¤ers, buyers make take-it-or-leave-
it o¤ers, or sellers commit to posted prices. Another approach explores all
implementable outcomes subject either to individual defection or such defection
and cooperative defection by the pair in the meeting. In keeping with the
spirit of mechanism-design analysis, I will, for the most part, adopt the second
approach.

2.3 Imperfect recognizability

Recognizability has often appeared as one among a list of desirable properties
of a medium of exchange. Settings with imperfect recognizability are usually
modeled by supposing that the current holder of an object knows more about
its qualities than a potential acquirer of it. I will suggest that such asymmetric
information is one explanation for our seeming preference for uniform currency.
However, because my discussion of imperfect recognizability is far from com-
plete, I start by assuming perfect recognizability.

3 An illustrative model with perfect recogniz-
ability

Central banks in the U.K., the U.S., and several other countries emerged as
legally mandated monopoly issuers of banknotes from systems in which there
were many private banks issuing banknotes. In an attempt to model and com-
pare the latter (which I call an inside- or private-money system) to the former
(which I call an outside-money system), Cavalcanti and Wallace [5] use a model
with an extreme form of imperfect monitoring: an exogenous fraction of people
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are perfectly monitored (the potential issuers of private money) and the rest are
not monitored at all. Indeed, the rest are assumed to be anonymous. Here I
set out that model more generally than has been done and prove some simple
results about implementable allocations in it.

3.1 The model

The background environment is an elaboration of that in Shi [25] and Trejos
and Wright [28]. Time is discrete. There is a nonatomic and unit measure of
in�nitely lived people. Preferences are additively separable over dates, and each
person maximizes expected discounted utility with discount factor � 2 (0; 1).
Period utility is u(x) � c(y), where x 2 R+ is consumption and y 2 R+ is
production. The functions u and c are strictly increasing and di¤erentiable
with u strictly concave, c convex, c(0) = u(0) = 0, and are such that there
exists ~y > 0 that satis�es c(~y) = u(~y). In addition, there are no intertemporal
technologies (production is perishable).
The set of people is partitioned initially and permanently into two sets: the

fraction � are monitored (m people) and the fraction 1� � are not (n people),
where � should be interpreted as the economy�s exogenous monitoring capacity.
The history of each m person is common knowledge, while that of each n person
is private to the person. (It is as if each m person wears a computer chip that
transmits everything about the person to everyone else.) The only thing known
about an n person is the person�s producer-consumer status in a meeting and
that the person is not an m person.
In order to allow for a discussion of inside money, each person has a printing

press capable of turning out identical, divisible, and durable objects. Those
turned out by the printing press of any one person are, however, distinguishable
from those turned out by other peoples�printing presses. This is the perfect
recognizability assumption.
There are two stages at each date. Stage 1 has pairwise meetings at random:

a person is a producer (seller) at each date with probability �, a consumer
(buyer) with probability �, and is neither (meets no one) with probability 1�2�,
where � � 1=2. Any production and consumption necessarily occurs at stage 1
and no one ever both consumes and produces at the same date.3 Stage 2 has
a centralized meeting which can be used for transfers of money among agents.
It is intended to be the model�s analogue of a clearing house, a federal funds

3As is well-known, one underlying setting is a K-good, K-type setting in which there is an
equal measure of each type. A type-k person consumes only type-k good and produces only
type-(k + 1) good for k 2 f1; 2; :::;Kg, where addition is modulo K. If K > 2, then we get
the model in the text with � = 1=K.
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market, or a commercial paper market. Because there are no goods at stage 2,
there are no separate stage-2 preferences.
One benchmark allocation in the above model is production (and consump-

tion) equal to argmaxx[u(x) � c(x)], denoted x�, in every (single-coincidence)
meeting. According to a representative-agent welfare criterion that views peo-
ple as identical before being assigned type, m or n, initial money holdings, and
histories, that allocation is the �rst-best allocation� �rst-best in the sense of
best subject only to the pairwise structure.
One convenient feature of the above setting is this simple description of the

�rst best. Notice that �rst-best actions are the same at every date: produce x�

whenever you are a producer in a meeting and consume x� whenever you are
a consumer in a meeting. As might be expected, the di¢ culty is getting the
producer to produce x�. One possible di¢ culty arises solely from discounting
and is present even if everyone is an m person. But, as noted above, money
cannot help if everyone is an m person. The presence of n people gives money
a role. However, as we will see, money is necessarily accompanied by history-
dependent actions, and, hence, a departure from the �rst best.

3.2 A class of allocations

Although richer classes of allocations could be considered, I limit allocations to
ones in which all monies issued by m people who have not defected (and any
initial money) and money issued by the planner are treated as perfect substitutes
and all monies issued by n people are worthless. (Hence, I simply assume that n
people do not issue money.) Therefore, a person�s state at the beginning of date
t prior to pairwise meetings is an element in the set St = (I�Ht�1�R+), where
I = fm;ng is the person�s type, and Ht�1 is the set of possible histories starting
from the initial date, t = 0, up through date t � 1. A history for a person
describes who was met in the past in pairwise meetings and includes the state
of each meeting partner. A generic element of St is denoted st = (i; ht�1; z),
where z is holdings of money issued by others (other monitored people or the
planner). If i = m, then st is common knowledge. If not, then (ht�1; z) is private
information. In particular, an n person can hide money. The post-meeting state
of a person is the same kind of object except that it includes what happened at
stage 1.
Given a starting distribution of people over states, an allocation is a sequence

that describes what happens in meetings at stage 1 and at stage 2 as a function
of the states of people. The state of a date-t pairwise meeting is (spt ; s

c
t) 2 S2t ,

where the �rst component describes the producer and the second the consumer
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as they enter the meeting. In a pairwise meeting, the actions are some amount
of production and consumption and state transitions for the two people. At
stage 2, the only action is a state transition. At both stages, it is convenient to
allow for randomization so that there can be a distribution of actions at stage
1 at a given date for the same kind of meeting.
An allocation describes what happens in the economy in the following sense.

Given the initial distribution over S0 and the assumption that meetings occur
at random, the date-0 actions imply a date-1 distribution over S1, and so on.

3.3 Incentive-feasible (IC) allocations

There are two kinds of constraints on allocations: physical feasibility restrictions
and incentive constraints. As regards physical constraints, one is that consump-
tion in a meeting is bounded above by production in the meeting. Also, in a
meeting between two n people, people who by assumption do not issue money,
total end-of-trade money holdings cannot exceed total pre-trade money hold-
ings. The transitions at stage 2 permit transfers of money to and from the
planner.
As regards incentive constraints, I can allow either of two kinds of Nash im-

plementation: one requires that the allocation be immune to individual defection
and the other requires that it be immune to both individual and cooperative
pairwise defection of those in a pairwise meeting.4 Nash means that each person
or pair takes as given no-defection by everyone else. Common to both notions
are the following assumed punishments. Defection by an n person has no future
consequences for the person except those implied by the current trade to which
the person defects. Defection by an m person is common knowledge and is as-
sumed to be punished by permanent expulsion from the set of m people to the
set of n people starting at the next stage.
Such exclusion may seem like a weak punishment. One alternative would be

economy-wide reversion to autarky as a response to a defection. That would
not be best if there were a small probability of errors in actions. And, even
without such errors, it would not be time-consistent for the society. If economy-
wide or even positive-measure punishments are not imposed, then the assumed

4Throughout I use weak implementability of allocations in the sense that I require that an
allocation be the outcome of some equilibrium. In particular, lurking in the background of
what I do is always an equilibrium in which all money is ignored. I do not deal with ruling
out such equilibria (see Aiyagari and Wallace [1] and Wallace and Zhu [30] for attempts to do
that.). I also leave implicit the game that supports the outcomes. See Zhu [32] for an explicit
de�nition of implementability that can be used to support the outcomes associated with either
the individual or cooperative defection versions and Hu et. al. [12] for an application of the
cooperative defection game.
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punishment can be justi�ed by assuming that there is free exit at any time from
the set of m people to the set of n people. Even if that were not assumed,
it would be delicate to impose stronger individual punishments. Even if an m
person is a known defector, n people would in general want to trade with that
person.
Given the structure of the model, an individual defection is always to no

trade at the current stage: in a pairwise meeting, it is zero production and
consumption and an unchanged holding of money; at stage 2, it is no transfer of
money. If the defector is an n person, then there are no further consequences.
If the defector is an m person, then that person begins the next stage as an n
person with the money held and with a useless printing press� useless because
the defection is assumed to make that person�s money worthless.
As regards cooperative defections in pairwise meetings, there are three kinds

of meetings. In a meeting between twom people, there is no private information.
Any cooperative defection has both people becoming n people at the next date
with both monies issued by those people worthless. Hence, in any defection
their total money holdings are limited by the money holdings they bring into
the meeting and two m people cannot make each other rich by issuing money to
each other. The restriction implied by the possibility of cooperative defection
is that their payo¤s (the pro�le of the current utility payo¤ plus the discounted
continuation value for the producer and the consumer) must be weakly outside
the payo¤ frontier of a meeting between two n people with the same pro�le of
money holdings. In a meeting between an n person and an m person, there is
one-sided asymmetric information. Again, any cooperative defection has the m
person becoming an n person at the next date. Both for those meetings and for
meetings between two n people, a full analysis requires that some notion of the
core under asymmetric information must be adopted. (When two n people meet,
there is two-sided asymmetric information if only because both the producer and
the consumer can hide money.)
The results presented below, which are not existence results, do not depend

on which notion is adopted. In particular, the arguments take as given the
trades and payo¤s of n people.

3.4 Results

There are three simple results about the set of IC allocations. The �rst is that
more monitoring is better.

Claim 1 In terms of production and consumption, the set of IC allocations is
weakly increasing in the fraction who are monitored.

10



Proof. Consider two economies, economy 1 and economy 2, that are identi-
cal except for �: let �2 > �1. If the allocation A1 is IC for economy 1, then
there exists A2 that is IC for economy 2 and has the same production and con-
sumption. The allocation A2 is constructed by having the additional monitored
people behave exactly as do the nonmonitored people under A1 that they �re-
place.�In other words, in economy 2, select at random a fraction (�2 � �1)=�2
of the m people and give them a special starting history, a label, and have them
behave exactly as n people do in A1. Have everyone else behave as they do in
A1. Then because A1 is IC in economy 1, it follows that A2 is IC in economy
2. In other words, having an m person behave like an n person is always IC
because defection of any sort is always to n status.

The next claim says that allocations can be limited to those in which m peo-
ple enter stage 1 without money� with only their printing presses. In general,
m people acquire money in pairwise meetings when they produce for n people.
Therefore, such an allocation calls for them to immediately destroy any money
received or, equivalently, turn it in to the planner at the next stage 2.5 A con-
sequence is that any spending by an m person in a meeting involves the issue of
that person�s money. This result uses the restriction that the only allocations
I consider are those in which all monies issued by monitored nondefectors are
perfect substitutes.

Claim 2 If an allocation is IC, then there is another IC allocation with the same
production and consumption in which monitored people enter stage 1 without
money.

Proof. Consider an arbitrary IC allocation in which some m person enters a
pairwise meeting with some money at some date. Consider an alternative that is
identical except that this person has turned in that money at the previous stage
2, but keeps spending unchanged by issuing the person�s own money instead of
spending the money issued by others. Because all monies are perfect substitutes,
trading partners are not a¤ected, and, therefore, no-defection payo¤s are not
a¤ected. What about defection payo¤s? A consequence of the ability of n
people to hide money is that the discounted utility of an n person is weakly
increasing in money holdings. That implies that the defection payo¤s implied
by the alternative are no larger than those of the given arbitrary allocation.
Hence, the alternative is also IC.

5Of course, if money were costly to produce, then it would be wasteful to destroy it. In
that case, stage 2 could be used as a kind of clearing stage during which m people turn in
other issuers�monies and receive their own noney for subsequent use.
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Notice that the converse of this claim does not hold. Start with an allocation
in which m people hold no money and consider an alternative which di¤ers only
in that at some date an m person has not turned in the money received earlier.
Does willingness to turn in the money imply that the alternative is IC? It
does not. The money is turned in prior to the next meeting (before the next
stage-1 meeting realization occurs). It is based on an expected value over such
realizations and the defection realizations. But that implied inequality does not
imply no defection in each subsequent stage-1 meeting realization.
Why have money transferred to an m person in a pairwise meeting if the

person will simply turn it in? If the person making the transfer is an n person,
then the transfer provides an additional inducement for that person to have
acquired money in the past. Also, if an allocation is to have m people issue
money when they are consumers in meetings with n people, then unless they
collect money from n people when they are producers in meetings with n peo-
ple, holdings of money by n people would be growing. That would necessarily
produce the model�s analogue of in�ation.
If the person making the transfer is another m person, then the transfer

plays no role and can be eliminated. If it is eliminated, then an outside observer
would see production and consumption occur without any transfer of money.
That is the model�s version of a credit transaction. It follows, in accord with
the necessity of imperfect monitoring, that if everyone is monitored, then money
is not needed. It also follows that any production by an m person� whether
for another m person or for an n person� is supported entirely by threatened
expulsion from the set of m people.

Claim 3 If not everyone is monitored, then the �rst-best is not IC.

Proof. Suppose it is IC and consider two mutually exhaustive possibilities.
Either the support of the distribution of money holdings across n people at some
date prior to stage 1 contains two di¤erent holdings, m1 < m2, and money is
valuable in the sense that the discounted value of the holding m2 exceeds that of
the holding m1, or not. The former� a nondegenerate distribution and valuable
money� contradicts the �rst-best because the �rst-best implies that everyone
has the same discounted utility prior to pairwise meetings at every date. If
the latter, then discounted utilities are degenerate at every date either because
there is a degenerate distribution of money holdings or because all holdings
in the support have equal discounted value. However, if this holds at some
date, then the �rst-best actions imply that it does not hold at the next date.
In particular, those n people who are supposed to produce x� in a pairwise
meeting must see a future reward from doing so or they defect to no trade. But,
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for them, that future reward can only take the form of higher money holdings
prior to stage 1 at the next date� to which is attached higher discounted utility.
Hence, the degeneracy and �rst-best actions cannot hold at every date.

Before I go on to discuss the consequences of imperfect recognizability, sev-
eral comments about the above model should be made. First, the assumption
that n people do not issue money seems innocuous because I permit the planner
to make positive transfers of money at stage 2 to n people. Such transfers�
perhaps, sprinkled in a random way among n people� would seem to be a good
substitute for making the money issued by a subset of the n people acceptable.
Second, no mention has been made of a commonly studied intervention in

models of money: the use of taxes to �nance the payment of interest on money�
either explicitly or through de�ation. A special case is real interest that exactly
o¤sets discounting, what is called the Friedman rule. Such schemes do not have
to be considered separately because they are included in the class of allocations
set out above. For example, a de�ation can be produced by having money in
the hands of n people decline over time. Although that cannot be achieved by
an explicit tax on n people, it can be achieved in other ways: one way is by
having m people issue less money when they are consumers in meetings with n
people than they collect and destroy when they are producers in meetings with n
people; another is having m people consume less per unit of money transferred
in meetings with n people than they produce per unit of money received in
meetings with n people.
Whether such schemes are IC and optimal cannot be addressed without

imposing additional structure on the model. However, even at this level of
generality, any such analysis seems very di¤erent from the analysis of de�ation
or paying interest on money in representative-agent models. The �nancing of
any such scheme has to come from taxes on m people. Such taxes are scarce
because m people can defect and because good allocations have m people giving
gifts to n people� gifts that are not reciprocated. In addition, the dependence of
an n person�s current ability to spend on recent realizations gives rise to a risk-
sharing role for transfers to n people, even if those transfers cannot be contingent
on their wealth which is private information (see Levine [19], Deviatov [7], and
Green and Zhou [10]).
Finally, although the model was introduced in order to contrast inside and

outside money, so far nothing has been said about that. Outside money is the
special case in which no one but the planner issues money. The restriction that
no one issue money is IC because if money-issue is a defection, then that money
becomes worthless at the next date and, therefore, is worthless when issued.
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However, because outside money is a special case with additional restrictions,
imposing it in the above setting cannot help.
Does the restriction hurt? Without imposing additional structure, I cannot

demonstrate that it hurts. But I can describe why it might hurt. Under outside
money, the spending of m people seems to be tied to their individual histories
(as it necessarily is for n people). However, the introduction of stage 2 goes
some way toward removing that dependence. In particular, stage 2 can be used
for transfers among the m people (something like borrowing and lending among
themselves or, more precisely, insurance among them) and there can be transfers
to and from the planner� all of which are subject to defection constraints. Those
defection constraints, though, tend to be tighter under outside money because
the result in claim 2 is lost� namely, that m people enter pairwise meetings
without money. According to the model, that is why imposing outside money
might hurt.

4 Imperfect recognizability and uniform currency

Despite the bene�t of private currencies just identi�ed, we almost always observe
uniform currencies. There are many possible reasons. One that potentially �ts
within our mechanism-design framework is recognizability problems with many
distinct currencies. Such problems could take a variety of forms. Here, I consider
the threat of counterfeiting.
In the context of the model above, suppose some n people have a costly

counterfeiting technology of the following sort. At any stage 2, they can pro-
duce counterfeits subject to a positive �xed cost and a constant marginal cost.
In stage 1 meetings, suppose producers cannot distinguish between genuine cur-
rency and counterfeits until after they acquire the currency. Then they learn
whether they have acquired genuine currency or counterfeits.
There are two conceivable kinds of allocations in these circumstances. In

one, counterfeits are produced and known counterfeits and genuine currency
are perfect substitutes. Even if this kind of allocation is implementable, it has
obvious welfare shortcomings. Aside from the costs of counterfeiting, it is iden-
tical to one without counterfeiting, but in which the genuine currencies of the
potential counterfeiters are treated as perfect substitutes with other currencies.
In such an allocation, those n people never produce and they issue currency
period after period and, thereby, impose costs on others.
The other kind of allocation is one in which known counterfeits are less

valuable than genuine currency. Here, there is asymmetric information between
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the producer and the consumer in a pairwise meeting: the consumer knows
whether he or she has genuine or counterfeit currency and the producer does
not. Any such allocation is either a pooling allocation or a separating allocation.
A separating allocation in which counterfeiting actually occurs hardly �ts our
notion of counterfeiting, because producers end up accepting known counterfeits.
Hence, most analyses focus on pooling allocations.
However, because there is no standard notion of the core under asymmetric

information, all existing analyses adopt a particular game form in these situa-
tions. The most common is a signalling-game framework in which buyers make
take-it-or-leave-it o¤ers. In the context of such a game, Nosal and Wallace [22]
show that imposition of the Cho-Kreps intuitive criterion rules out pooling with
counterfeiting. The deviating o¤er that destroys a pooling equilibrium has the
consumer with genuine currency o¤ering a smaller trade� less currency for less
output� and has the producer inferring from this o¤er that the consumer has
genuine currency.
Given that no counterfeiting occurs in equilibrium, what are the possibilities

for equilibria? That depends on other aspects of beliefs about out-of-equilibrium
actions. Nosal and Wallace implicitly assume if there is no counterfeiting in
equilibrium, then any o¤er of currency at stage 1 is an o¤er of genuine cur-
rency. They, therefore, conclude that an equilibrium in which genuine currency
is valuable and no counterfeiting occurs exists only if counterfeiting is more
costly than the value of currency in the absence of a counterfeiting threat. Oth-
erwise, the only equilibrium is autarky. However, as pointed out by Li and
Rocheteau [20], another out-of-equilibrium belief is possible. They consider an
equilibrium in which the value of genuine currency in trades is small enough to
make counterfeiting unpro�table. That equilibrium is supported by the belief
that an out-of-equilibrium o¤er of any larger amount of currency comes from a
counterfeiter.
Both analyses conclude that counterfeiting is a serious threat. Hence, an

implication of their analyses is that there should be su¢ cient enforcement to
make counterfeiting a very costly activity. That implication takes us in the
direction of a single uniform currency if we assume, as seems plausible, that the
prevention of counterfeiting is much easier with a single uniform currency than
with many distinct private currencies.6

6The implication that counterfeiting does not occur may seem inconsistent with observed
counterfeiting. However, some judgement has to be used. In the U.S., it is estimated that one
in ten thousand dollars are counterfeits (see Judsonand Porter [13]). That is so close to zero
that in a pooling equilibrium with that proportion of counterfeits, it would not be worthwhile
to think about a deviating o¤er.
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5 Optima under a uniform outside currency

As suggested above, under outside money, stage 2 in the prototype model takes
on added importance. First, it could be desirable for there to be transfers of
currency among m people� transfers that accomplish insurance. In particular,
it may be desirable and incentive feasible to have those m people who recently
earned outside money make transfers to those who recently spent such money.
Second, the planner who controls outside money might participate in the transfer
scheme. To get a sense about what optima might look like under outside money,
Deviatov and Wallace [8] study an example of the illustrative model in which
there is an exogenous two-date periodic productivity process� a deterministic
seasonal.
In their example, the discount factor is :95, the utility of consuming, u(x), is

2x1=2, and the disutility of producing, c(x), is x=:8 when t is odd (low productiv-
ity dates) and x=(1:2) when t is even (high productivity dates). Therefore, (:8)2

is the �rst-best output at low productivity dates and (1:2)2 at high productivity
dates. Each person is a producer with probability 1=3 and is a consumer with
probability 1=3, and monitored people are one-quarter of the population. Aside
from the discount factor being su¢ ciently high in a sense to be described, this
speci�cation is arbitrary.
For this example, Deviatov and Wallace compute the maximum of ex ante

representative-agent utility� prior to the assignment into types, monitored or
nonmonitored, and prior to the assignment of initial currency holdings, the
distribution of which is treated as among the choice variables of the planner. The
constraints are individual defection at both stages, and, in addition, pairwise
cooperative defection at stage 1 pairwise meetings. They simplify the problem
in three important respects. First, they search only over two-date periodic
allocations. Second, currency is indivisible and holdings prior to stage 1 are
restricted to be in f0; 1g. Third, while lotteries are allowed (and play a role),
randomization is not allowed. They study and compare two versions of this
problem: in one, called no-intervention, the quantity of currency is constrained
to be constant; in the other, it, like everything else, is permitted to be two-date
periodic.
Constraining currency holdings to f0; 1g is an extreme assumption, but is

not misleading. As noted above, the economic problem in this model is to
free current actions from previous realizations. The restriction to f0; 1g money
holdings exacerbates this problem, but does not change its nature. As regards
the discount factor, it is high in two senses, each related to providing simple
benchmark allocations. First, it is high enough so that if everyone were moni-
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tored, then the �rst-best allocation, one with �rst-best outputs in every meeting,
would be implementable. Second, the discount factor is high enough so that the
best allocation subject to treating everyone like an n person, which is an im-
plementable allocation, has half the agents with a unit of currency and has �rst
best outputs in one-quarter of the meetings. Moreover, in that allocation, the
intervention and nonintervention versions are identical. Ex ante utility for that
allocation is equal to one-quarter of the upper bound, one quarter because trade
in a pairwise meeting requires that the potential consumer have money and that
the potential producer not have money.
Some features of the optimum are common whether or not there is interven-

tion. First, the discounted utility of an m person is roughly 2/3 of the upper
bound, while that of an n person prior to the assignment of money is roughly
1/3 of the upper bound. (Thus, everyone bene�ts relative to an allocation in
which all people are treated as n people or relative to the same economy with no
m people.) Second, there are no transfers of currency to n people.7 Third, all
m people enter stage 1 with a unit of currency and the constraint that they not
defect when called on to produce is binding in many meetings. It follows that
production by m people is supported entirely by threatened expulsion from the
set of m people, as happens generally under inside money. Of course, as noted
above, the threatened punishment under inside money would be greater, and
that would allow better allocations to be achieved under perfect recognizability.
Intervention in the example looks like the granting of zero interest loans to

the aggregate of m people at stage 2 following pairwise meetings at the high-
productivity date, with repayment at stage 2 following the next low productivity
meetings. In terms of outputs, intervention shows up mainly in meetings be-
tween m and n people. Intervention frees the distribution of money holdings
between m and n people from the constraint that net currency trades between
the two groups are zero at every date. A consequence is that intervention has
smoother outputs in those meetings, smoother relative to the respective �rst-
best outputs. Perhaps, the simplest way to describe the role of intervention is
that loans at stage 2 after the high productivity date restore the currency hold-
ings of m people and, thereby, permit higher spending by them in the pairwise
meetings with n people at the high productivity date. Obviously, the distinction
between m and n people and the fact that they interact are crucial features of
the example.

7This �nding may depend on f0; 1g money holdings. The possibility that transfers to n
people may change the distribution of money holdings in a favorable way (see Deviatov [7])
requires a richer set of individual holdings.
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6 Extensions of the illustrative model

The illustrative model is extreme in many respects. Here I comment on some
directions in which it could be generalized.

6.1 Capital

An unrealistic and, therefore, seemingly troublesome feature of the illustrative
model is the absence of forms of wealth other than currency. Indeed, in the
inside-money version, if money is treated as a liability of m people, then net
wealth is zero. Here I describe a way to remedy that unrealistic feature by
introducing into the model putty-clay capital.
In the version above, the production technology in pairwise meetings has a

single input, labor or e¤ort. As has been recognized by others, that technology
could be amended so that output produced in a meeting is a function of the
producer�s labor and capital, say f(k; l), where l is the person�s e¤ort, k is the
person�s capital at a date, and where, f could be assumed to be standard� say,
linear homogeneous and strictly quasi-concave. As in the model without capital,
the period utility for a person is u(y)� c(l), where y denotes consumption.
The crucial assumptions concern the law of motion for a person�s capital.

One speci�cation is that a person�s gross investment good and consumption
good are the same object. If so, then in a meeting with a producer at a date,
the usual putty restriction on nonnegative consumption and nonnegative gross
investment would hold: the sum of the two is bounded above by the output
acquired from the producer in the meeting. The clay aspect of capital is that
existing capital cannot be transferred to another person.
This generalization of the model does not change what is traded at either

stage. If there were only n people, then the model would be unchanged except
that the state space would be richer. Now each person would be characterized
by a portfolio, money and capital� although the latter could not be traded. If
there were only m people, then the implication that money is not needed is
una¤ected. Even with a mixture of m and n people, the only di¤erence is the
richer state space. Whether under inside money or outside money, there is,
perhaps, a greater potential role for insurance. But n people are no better able
to participate, while m people have essentially the same defection constraints on
their participation as they have in the version without capital. In particular, the
existence of capital of the above sort would not seem to enlarge the risk-sharing
possibilities for either type of person.
One plausible conjecture about this version is that an optimum would display

18



less dispersion in capital holdings across m people than among n people. In
other words, capital would be more e¢ ciently distributed among m people than
among n people.

6.2 Endogenous monitored status

The illustrative model has an exogenous fraction who are perfectly monitored
(m people). That exogeneity assumption can be reconciled with one-time free
entry into m status if each person makes such a choice subject to a one-time,
additively separable utility cost that is distributed in a very special way across
people. Let F : R+ ! [0; 1], where F (k) is the fraction of people who can
become permanently monitored with a one-time additively separable utility cost
no greater than k. For the illustrative model, F takes the special form,

F�(k) =

�
� if k < K
1 if k � K : (1)

where K is so large that a person with cost K would never choose to be an m
person for any incentive-feasible allocation. (Notice that for the fraction � of
the population, there is a zero cost of becoming monitored, where zero is payo¤
from autarky.)
To allow for initial free entry into m status, the sequence of actions at the

initial date is as follows. People are ex ante identical. Then the planner an-
nounces an allocation, including initial distributions of money dependent on m
or n status. Then, in accord with the distribution function F , each person pri-
vately learns the cost of becoming an m person and chooses whether to become
an m person. Then, initial money holdings are distributed. If the allocation
satis�es the incentive constraints, which include the restriction that those with
low enough utility costs of becoming an m person choose m status and that the
rest do not, then trades are undertaken in accord with the planner�s suggestion.
Let vjt (x) be the discounted expected utility of a type j 2 fm;ng at the

beginning of date t of someone who holds x amount of money, the only asset.
The assumption that there is free-exit from m-status implies that one of the
constraints on the planner is vmt (x) � vnt (x) for all (t; x). This, in turn, implies
vm0 � vn0 , where v

j
0 = Exv

j
0(x) and Ex denotes expectation taken over the

relevant initial distribution of money. For the above model in which F is given
by (1), the restriction that people choose m status as intended by the planner
is nothing more than K � vm0 � vn0 � 0� that is, nothing more than is implied
by free exit from m status at any time.
However, initial free-entry imposes additional constraints if F is continuous

and strictly increasing and if a person�s realization from F is private information.
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(For the F in (1), private information about the realization plays no role.) Under
such assumptions, initial money holdings can be assigned based only on whether
the person chooses to become monitored; and vm0 � vn0 = k̂, where F (k̂) is the
fraction who choose m-status.
In such a version, the shape of F will play a role in determining the optimum

allocation. That is, the planner will, in e¤ect, be concerned about how the
allocation a¤ects the fraction who choose to become monitored. I suspect that
a smooth F contributes to making the taxation of m people scarce.

6.3 Other information structures and other �nancial in-
struments

When compared to the actual economy, the illustrative model is de�cient in
terms of the limited �nancial instruments that appear in it. Indeed, whether
under inside money or outside money, the only �nancial instrument seems to be
something like a uniform currency. Mainly because of the extreme monitoring
assumptions, instruments like checking accounts, debit cards, credit cards, cell-
phone money, and bills of exchange are either not feasible or not needed.
All such instruments are supported by an informational network. By as-

sumption, n people cannot be part of any such network. As for m people, they
are part of a perfect and costless network that reveals their actions to everyone.
Hence, other �nancial instruments which potentially convey information about
m people are not needed. There is however, a caveat. I have imposed that cur-
rency, whether inside or outside, is treated as a uniform object in equilibrium.
Conceivably, there might be a role for distinct objects to be held by n people.
The set of implementable allocations could conceivably be enriched by having

di¤erent assets with di¤erent rates of return available to n people. In Bryant and
Wallace [4], people are faced with nonlinear and increasing returns on saving
among which they self-select. Such nonlinearity can enrich the set of imple-
mentable allocations. In Kocherlakota [16], facing people with some assets that
can be traded for goods and others with higher returns that can only be saved
enlarges the set of implementable allocations in a bene�cial way. But those
analyses are silent about what allows nonlinear returns to be implementable.
Thus, for example, Kocherlakota simply assumes that his higher return assets,
called bonds, cannot be traded for goods directly. In Bryant and Wallace, the
bonds are explicitly indivisible and large, but nothing is said about why they
cannot be shared or intermediated.
The illustrative model can help in that regard. To �x ideas, suppose the

planner at stage 2 sells high-denomination, one-period, payable-to-the-bearer

20



bonds intended to be bought by some n people. Their high denomination limits
their use in trade in pairwise meetings among n people. However, if the bonds
dominate currency in rate of return across stage 2 at adjoining dates, then
they give rise to a pro�table arbitrage opportunity: hold the bonds as assets
and issue small-denomination, one-period, payable-to-the-bearer claims. But
who could engage in such intermediation? It involves promises, which, in the
illustrative model, can only be made by m people. But the actions of m people
are public. Hence, if the planner wants to prevent such intermediation, then
it can be prevented. Put somewhat di¤erently, a legal restriction against such
intermediation is easy to enforce in the illustrative model. Indeed, for closely
related reasons, it would seem to be easy to enforce in the actual economy.8

Thus, the illustrative model is one example in which assumptions about the
information structure have implications for the kinds of �nancial instruments
that might exist and that might play a bene�cial role.

6.4 Production and consumption at the centralized stage

There is a substantial literature that resembles the illustrative model but has
production and consumption at stage 2 when everyone is together. Most of
it follows Lagos and Wright [17] in assuming that everyone has identical and
quasi-linear preferences at stage 2. A general version with production and con-
sumption at stage 2 would qualitatively resemble the illustrative model, but the
version with identical and quasi-linear preferences at stage 2 does not.
The essential features of the Lagos-Wright model are most easily seen in

a version with identical and linear preferences at stage 2: there is a stage-2
perishable good for which preferences are identical, additively separable, and
linear. Positive consumption of this good is interpreted as consumption and
negative consumption is interpreted as production of it. Trade at stage 2 is
modeled as competitive price-taking trade. (In a mechanism-design version,
if group defection is permitted, then such trade is without loss of generality
because it is equivalent to the static core at stage 2.) The insight of Lagos and
Wright is that the outcome of such trade absorbs all wealth di¤erences among
people entering stage 2 through di¤erences in consumption of that good. It
follows that the distribution of wealth entering stage 2 is not a state of the
economy going forward from the end of stage 2. A similar role is played by

8A di¤erent route to co-exisitence of currency and higher return assets is pursued in Zhu
and Wallace [33]. In a model with only n people and with observed portfolios in meetings, they
show that an extraneous property like color can be used to produce implementable allocations
that are immune to cooperative defection and are consistent with di¤erent rates of return.
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the large-family in Shi [26].9 In each case, the economy starts anew with an
essentially exogenous distribution of money at each date.10

While there is a huge gain in terms of tractability from the Lagos and Wright
speci�cation or Shi�s large family model, insu¢ cient attention has been paid to
what is lost from those speci�cations. Put di¤erently, insu¢ cient attention
has been paid to studying the robustness of conclusions to what are very special
assumptions. One thing lost is the result that the �rst best is not implementable
if there are n people (see Hu et. al. [12]). Another thing lost is the risk-sharing
role of monetary transfers among m people at stage 2 and the potential risk-
sharing role of positive monetary transfers to n people. In Lagos and Wright,
such risk-sharing is accomplished through trade in the linear good, while in Shi�s
large family model it is accomplished within the large family.

7 Concluding remarks

I began by de�ning the mechanism-design approach to monetary economics and
then turned immediately to a discussion of a particular model. The model
builds on the pioneering work on matching models of Kiyotaki and Wright [14],
Trejos and Wright [28] and Shi [25] who were the �rst to formulate coherent
intertemporal models of trade in which people meet in pairs and use money. It
also builds on the ideas about the connection between imperfect monitoring and
monetary trade of Ostroy [23], Townsend [27], and Kocherlakota [15].
The goal of the discussion is to explain as an optimum three features of most

actual economies: currency is a uniform object; currency is (usually) dominated
in rate of return; some transactions are accomplished using currency and others
are accomplished in other ways. Toward that end, I �rst described how private
money would work and its advantages under the assumption of perfect recogniz-
ability. Then, I invoked imperfect recognizability in the form of a counterfeiting
threat as a disadvantage of many distinct private monies. Finally, to explain
why currency is dominated in return, I invoked a connection between the main
feature of the model that gives currency a role, the imperfect monitoring, and
feasible forms of taxation. I suggested that the implied restrictions on taxation
will in many settings imply that the optimum does not have currency earning
the Friedman-rule rate of return.
The models I have described seem both special and complicated. That

9On the modeling of the large family model, see Zhu [32].
10Often, this distribution is degenerate, but not in every model. (See Galenianos and

Kircher [9] for a model in which the crucial starting-anew property holds, but in which there
is a nondegenerate distribution at the end of stage 2.)
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may be inevitable. First, models with imperfect monitoring, costly connections
among people, and imperfect recognizability are unlikely to be simple. Second,
monetary trade is a descriptive or positive feature of an economy. It will not be
an implication of every environment that we can imagine.
Despite that, some progress has been made. First, by its very nature,

the mechanism-design approach to monetary economics accomplishes the long-
standing goal of integrating monetary economics with the rest of economics.
However, it is not the integration that seemed to be the goal a century or more
ago� namely, integration with the then current version of the Arrow-Debreu
model. That form of integration is not the right goal. Instead, the goal is inte-
gration with the rest of economics that deals with frictions. Second, there have
been new insights about puzzling observations and policy questions. Among the
issues addressed in recent work are private versus government currency, the issue
focussed on above, the long-standing puzzle concerning pro�tability of private
currency systems in the 19th century (see Wallace and Zhu [31]), the denomina-
tion structure of currency (see [18]), and the analysis of counterfeiting. These
and other contributions illustrate the fruitfulness of studying issues in monetary
economics against the background of models in which something that resembles
monetary trade is the best way to achieve good outcomes.
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