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Abstract

A definition of a transactions medium is proposed. This is that a
transactions medium permits the attainment of otherwise unattainable resource
allocations. It is shown that by this definition money can be a transactions
medium in a pure exchange, overlapping generations econcny. It is also shown
that money is a transaction medium only if there are informational asymmetries
of a particular type. Finally, it is shown that the set of economies for

which money is a transactions medium is not isclated, in a well-defined sense.



I. Introduction

Among the most widely used models of money are the class of over-
lapping generations {OLG) models. However, these are also highly controver-
sial as models of money due at least in part to the role for money implied by
them. 1In particular, it is often claimed that OLG models provide no role for
money as a "transactions medium." However, this clalm clearly requires that
some precise definition by given as to what it means for money to be a medium
of transaction.

One such definition has been recently proposed by McCallum (1982).
This is that money is not a medium of transaction unless it expands the set of
aggregate consumption opportunities for society. While this serves as a
useful starting point in defining a transactions medium, it is somewhat too
strong for most purposes because it begs the question of how certain alloca-
tions of resources are to be attained. Therefore, in order to study the roles
that OLG models can provi@e for money, a weaker related definition is proposed
here. This is that money is not a transactions medium if monetary equilibrium
allocations of resources can be reproduced without money. This definition has
the advantage that it permits an analysis of transactions roles for money in
exchange economies.

Using the above definition, the purpose of this paper is to demon-
strate that the OLG setting is capable of providing a transactions role for
money. Put otherwise, the paper demonstrates that there exist economies where
the monetary equilibrium allocatlion cannot be realized without money. This
captures the idea that a set of transactions (or exchanges) is not possible
without money, salthough the resulting resource allocation is technologically

feasible.
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The important element in this demonstration is the presence of
private information. In particular, two classes of economies with private
information are embedded in an OLG setting. In the first, agents in the
economy, including the government, are asymmetrically informed about the
occurrence of a random state of nature. Two alternate mechanisms for reallo-
cating resources are then considered. In the first, the government introduces
8 fixed stock of fiat money at some initial data, and any further realloca-
tions occcur through competitive exchange. (Thus, the value of the money
introduced, and therefore the effect of the first type of intervention, is
endogenously determined.) In the second, there is no exchange--all resource
reallocations are accomplished through tax/transfer mechanisms. The guestion
asked is whether allocations atiained through the first arrangement are also
attainable through the second. The answer is that they generally are not.

A suggested interpretation of this result is as follows. As noted
at the outset of development of the OLG model by Samelson (1958), there is a
potential equivalence between monetary equilibrium allocations, and an appro-
priately structured social security system. If such an equivalence holds for
an econcny, then by our definition money is not a transactions medium. Thus
throughout we ask two questions; whether tax/transfer schemes generally exist
that are able to reproduce monetary equilibrium allocations, and if not,
whether there is a generic equivalence between the two. The answer to both
questions is negative.

A second class of economies which gives rise to nonequivalence is
one where there 1is private information about agents' types (preferences,
endowments, and information). In such an economy, we again ask whether a
tax/transfer scheme exists which reproduces the monetary equilibrium alloca-

tion. Again, the answer is generally negative.
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The two classes of economies considered are motivated by the follow-
ing train of thought. If money is inessential to the attainment of certain
resource reallocations (transactions between various private agents, or bet-
ween agents and the government), then the government mst know when to make
certain state-contingent transfers, or what state has occurred (the first
economy), or it mst know this as well as know which agents are to receive
vhich transfers (the second economy). Our analysis demonstrates that unless
the government possesses at the outset the best available information {in a
well-defined sense), it will often be unable to acquire the requisite informa-
tione.

As a by-preoduct of this analysis, several results of independent
interest are obtained regarding the government's ability to generate informa-

tion while attempting to reproduce the monetary equilibrium allocation:

i} if the government has the best available information regarding the real-
ized state of nature, then it can always generate any necessary informa-
tion about agents' types.

ii) if, however, the government does not have the best possible initial infor-
mation regarding state realization, lack of knowledge of type can prevent

it from acquiring this information.

As a corollary to (i), money cannot be a transactions medium without private
information {to which the government is not privy). This accords well with
the notion that asymmetric information generates a necessary role for money.l/

The preceding discussion has assumed the innate interest of the
issue of whether money is easential to certain resource reallocations. How-
ever, even were one to doubt the importance of this question, there is still a

reason for undertaking the investigation of this paper. Specifically, the
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attainment of an allocation of resources corresponding to an equilibrium in
vhich money has wvalue requires some intervention by the government.g/ In
particular, at some initial date the government creates a stock of fiat cur-
rency, and essentially may be viewed as selling this to the initial young for
goods, which are then redistributed to the initial olde No further interven-
tion occurs. However, it 1s by no means obvious why this one-time interven-
tion should be preferred to the continuing Iintervention assoclated with a
social security scheme. The analysis here suggests a reason for this: allo-
cations attainable under the one~time intervention need not be under continu-
ing intervention.

It will be noted that thus far discussion has proceeded as if the
government were a separate economic agent. This is not required for the
results obtained, however. A view of government as a coalition among private
agents can be accommodated while retaining the results metioned above. In
particular, the notion of cooperative behavior introduced by Wilson (1978) in
which agents collude without transmitting information can be incorporated into
our framework. In this case the results mgy be interpreted as follows: when
agents collude without transmitting information (so that the coarse core is
being considered), the monetary equilibrium allocation will not generally be
available as an option. On the other hand, if all information 1s transmitted
when agents collude (the fine core}, the monetary equilibrium allocation will
be an option. Thus if government is viewed as a coalition of private agents,
this implies that whether or not money is a transactions medium depends on the
amount of informaticn transmitted as agents collude.

Finally, the paper addresses the question of whether the introduc-
tion of (valued) fiat money can induce the revelation of information through

prices. It will be seen that this is alsoc a role that can by played by money.
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The format of the paper is as follows. Section II describes the
basic medel, and defines its equilibria. Section III considers a class of
economies where there is asymmetric information among agents regarding the
state of nature, and shows that this may create a medium of transaction role
for money. It is also shown that such a role is not restricted to an "iso-~
lated” set of economies. Section IV extends the possible scope of informa-—
tional asymmetries to include "adverse selection"-like problems. It is shown
that the presence of these may compound the informational problems of section
IIT, but that they are never by themselves a source of a medium of transaction
role for money. BSections V and VI relate the arguments of sections III and IV
to other literature on money, asymmetric information, and taxation under
asymmetric information. Section VII considers an alternate notion of equilib-
rium, and demonstrates that using this notion the introduction of valued fiat

money can expand information. Section VIII concludes.

IT. The Model
A. Description

We consider an econony 1in which time is discrete, and indexed by t =
0,1,.4++ The economy is pecpled with two-period lived, overlapping gehera-
ticns at each date including t = 0, when there is an initial old generation,
and an initial young generation. Within each generation there are I types of
agents, indexed by i =1, ..., I. Agent types are distinguished by prefer-
ences, endownment streams, and by information possessed. Finally, there is one
agent-~the government--which is infinitely lived. The government has the
power to tax and make transfers, and is also endowed with an information

structure.
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To keep the analysis simple, we may focus on a setting in which
there is only a single, nonstorable consumption good that sgents desire di-
rectly, and money, which agents do not desire directly. Thus all trading will
elther be intragenerational horrowing and lending, or the trading of money for
goods. Finally, at each date any of a finite set of states of nature (Q) may
cecur. Let # Q2 =8, s =1, ess, S index the elements of @, and let s' indi-
cate an element of @ which occcurs one period in the future. For notational
simplicity, the trading of state contigent claims will be ruled out. (This is
inessential to any results.)

The preferences of type i agents for consumption when s 1is the
realized state in their youth, Cy;(s), and consumption when old and they have
experienced states s and s', Czi(s,s’), are denocted by Ui[Cli(s), CEi(s's')]’
and for simplicity are assumed state independent. (Again, this is inessen-
tial.} The functions U;( ) are assumed to be increasing in each argument,
and concave. The endowment stream of a type i agent is determined entirely by
the realization of s when young (again only for simplicity), and is denoted
[wli(s), w?i(s)], where Wy denotes the endowment when young, etc. Finally,
type i agents are endowed with a certain amount of information concerning the
econony in which they operate. As we will consider alternate structures of
agents' information below, we will not completely describe agents' information
here. However, part of the information of type 1 agents consists of a parti-
tion Py of @ which describes the set of states a type i agent can distinguish

between. (P is a partition of Q@ if its elements, say PJ, obey
PJﬂPk=¢;j¢k,andEIP3=n.)

The P; are time invariant. In addition, it will be necessary to distinguish
between ex-ante (pre-trade) partitions Pi’ and post-trade partitions P; which

incorporate information sbhout prevailing states conveyed by prices.
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Let Pi(s) (Pi(s)) be that element of P; (Pi) containing s. Then if
s is the actual state, agent i knows only that P;(s) has occurred. For con-

sistency, we require that

wji(sl) = wji(sg); J =1, 2, ¥ 5,8, such that Pi(sl) = Pi(sz)'

1*72

Lastly, we denote the government's initial and ex-post partitions by ;g and Pg
respectively.

As indicated previocusly, trading is either intertemporal, or trade
of money for goods. We restrict consideration to economies with a fixed (for
all time) stock of money, M. We choose the consumption good as numeraire, and
money trades for goods at rate Q(s) in state s. Throughout we focus on sta-
tionary states, so that prices and trades need not be dated.

At date t = 0, the initial old are endowed (in arbitrary fashion)
with all of the money which circulates. No other agents have an initial
endowment of money. Then denote the quantity of money acquired when young by
a type i agent in state s by M;(s). M;(s) thus describes one component of
type 1 agents' desired trades. The other component is the desired borrowing
of type i agents. Let xi(s) be the youthful borrowing of type i1 agents in
state s. This borrowing is not state contingent, so that the certain repay-
ment is R(s)xi(s), where R(s) is the gross rate of return in state s. xi(s) <
0 denotes lending.

_We focus throughout on economies where +trading occurs after the
current period state has been realized (although all agents need not know this
realization). Thus an agent of type i has economiec behavior described by the

solution to the problem

max E U; [Cy;(8), Cpi(s,8")] by choice of x;(s), M;(s) subject to
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(1) ¢ys(8) = v (8) + x (s) = (eI, (s)

(2) Coyls, 8") = Wzi(S) - R(s)xi(s) + Q(s')Mi(S)

xi{s;) = x;(s,)
(3) ¥ 5y, S5 such that Py(sq) = P;(s5),
M (s,) = M(s,)

where P;(s;) # Py(sy) iff B,(s,) # B,(s,) or [R(s,), Q(s,)] # [R(s,), Q(s,)].
Denote maximizing values for i by
[%,(s), M (s)] = £,[R(s), als), ta(s"} B 1,

At this point, we have assumed competitive behavior on the parts of
all agents, and that agents understand the (as yet unspecified) probability
distribution of future prices of money. Below we will examine some conse-
quences of allowing agents not to be perfect competitors {(section VII).

We are now prepared to define a (competitive) equilibrium for this

econony .
Definition. A stationary equilibrium is a mapping

[R(s), a(s)] : @ » B,

which satisfies
I

i) } n.f[-] = {0, M) ¥ s e Q,
=1 * 7

where n.

; is the number of type i agents. (The n; are time invariant for

convenience,)
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Definition. A valued fiat money equilibrium is a stationary equilibrium with

Q(s) > 0 ¥ s € Q.

B. Centralizaticn of Equilibrium

It will be recalled that we wish to investigate whether or not any
monetary equilibrium allocation for the economy above can be attained without
money. To begin, note that any equilibrium in which money has value involves
intergenerational resource reallocations. Without money, such reallocations
cannot be attained as the result of woluntary exchange. If they can be ef-
fected at all, 1t must be through involuntary redistribution. It suffices to
consider taxes and transfers as means of producing these.

The nature of our investigation will be of the following form: do
there exist tax/transfer schemes which produce the monetary equilibrium allo-
cation of resources, without violating any restrictions implied by the govern-
ment's ability to acquire information? In other words, the focus is on
wvhether the government can reproduce this allocation via a sccial security
system which does not require more information than it possesses at any date.

To this end, let T;;(s) denote a net transfer to a young type i
agent young in state s, and TEi(s,s') denote a net transfer to an old type i
agent who has experienced states s and s'. TFor our purposes, it is easiest to
think of the Tji as lump~-sum transfers, but they may also be thought of as
being determined by arbitrary functions of agents' actions. (Thus one could
think of agents trading in the background, and the Tji as specifying their net
receipts as a function of their actions, prices, etc.) We denote transfers

meant to reproduce monetary equilibrium allocations by
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~

(4) T . (s) = x,{s) - 'Q'(S)ﬁi(S)

1i i

%21(3,3') = a(s‘)ﬁi(s) - ﬁ(s)?i(s); ¥ i, s, t» 0,
where a "~" denotes an equilibrium value.

Definition. A monetary eguilibrium allocation can be centralized if there

exist values
?[Illi(s) a'nd TI-I'Ei(S)S'); i = 1: AL ] I! J = l, 23

defined above which are consistent with information possessed by the govern-
ment.

As we will consider different types of information which the government may
possess, we postpone a more specific discussion of this information to subse-
quent sections. We now turn our attention to the question of what types of

monetary eguilibrium allocations can be centralized.

III. A "Moral Hazard" FEconomy

A. Description

In this section, we consider an econony in which the only uncer-
tainty concerns the prevailing (current period) state of nature. (In particu-
lar, each agent's type is public information.) In other words, some (or all)}
agents' partitions may not be fine enough to permit them to discover the
prevailing state. If a valued fiat money equilibrium as defined by (i) exists
for this setting, we wish to consider when it can he centralized. In order to
discuss when centralization is possible, in turn, it is necessary to describe
how the government acquires information.

To this end, consider the determination of Pg. This is determined

~

by the interaction of +two forces, Pg’ and the government's observation of
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agents' behavior under the prevailing tax/transfer system. More specifically,
if the tax system is structured so that agents can be induced to reveal their
knowledge of the state, the government can acquire relevant information.
Consider then any s;, s, such that Pg(sl) = Pg(SQ)' If it is to attempt to
reproduce the monetary equilibrium allocation, the government mst make (for

instance) the transfers ?ﬁli(sl) and ﬁli(sz) in the appropriate state. If

=]

li(sl) # %11(52} for some 1, then the government mst be able to produce

additional information in order to make the necessary transfers. This infor-
mation production may be thought of in the following way. The government
{since type is common knowledge} offers agent i his choice among the transfers

E‘li(s); 8 =1, «es 8. (Once T _(s) is selected, this and the selection of

1i
future agents determines "521(5,5').) If the values of the %li(s) are such that
agent i has ne incentive to misrepresent his knowledge of. the prevailing
state, the government can acquire the information necessary to reproduce the

monetary equilibrium allocation.

Formally, then, s; ¢ Pg(sg) ife

(5) Pg(sl) Pg(sg), or

(6) EgoUslwy 40804 1))y vy (s T, (s158M)] > B vy (s) 04T (s,),
oy (3 Wiy o, o))

for some i such that

(7) Tpilsg) # Fpy(s)
B (sy) # B (s,),

where Egr denotes the expectation over future states. In short, then, s 4

Pg(s2) even if Pg(sl) = Pg(SQ) if (6) holds whenever (7) holds for some i.
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Having described the information acquisition process, then, we are
now prepared to discuss centralization of equilibrium for this moral hazard

€Conomy .

B. Nonequivalence of Monetary and Social Security Systems

For the economy of this section, we may restate the definition of

when a monetary equilibrium allocation can be centralized.

Definition. The monetary equilibrium allocation of this moral hazard economy

can be centralized iff the values %li(s) and %2i(s, s') defined by (k) satisfy

Tli(sl) = Tli(SE) ¥ 1 ¥ 89, sp such that Pg(sl) = Pg(sz).

Given this definition, we have

Proposition l. There exist monetary equilibria with allocations that cannot

be centralized.

As there also exist monetary equilibrium allocations which can be centralized,
the next section established proposition 1 by means of an example. Section D
then establishes that there is not a generic equivalence between tax/transfer

schemes and monetary equilibrium allccationse.

C. An Example

In this section we demonstrate that there exist economies where
social security systems and monetary equilibria cannot be equivalent. There

is also a discussion of why this is the case.

1
Example 1. I =2, § =2, n; = n,, Ui(cl’ C5) = 1In c, + (EBJ

[(w11(1), wpr (V)] = [wyy(2), wpe(2)] = (10, 10}, [w (1), wyo(1)] = (15, 9)

Cps 1 =1, 2,

with probability 5/6 ¥ t > 0, [wy5(2), wos(2)] = (45, 9) with probability 1/6

¥t 2 0,
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P, = [{1, 2}]
Py = ({1}, {2}]
Pg = ({1, 2}].

It is straightforward to derive the equilibrium values of prices and consump-

tion levels:

Q1M

25/3

Q2)M

]

55/3

R(1) = 6/5, R(2) = 6/11

612(1) = 21.67, 522(1, 1) = 15.67
€1, 2) = 23.6j

T ,(2) =18.33

622(2, 1) = 21.88, C, (2, 2) = 31.88,

and agent 1's consumption at each date is not required for the argument. Note

that the values implied by (%) are

T (1) = -6.67

12

Ebe(l, 1) = 6.67, T,,(1, 2) = 14.67
T, ,(2) = -26.67

ﬁez(e, 1) = 12.88, T22(2, 2) = 22,88,
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Now suppose that these values are consistent with (6) and (7) (as clearly they
are not possible on the hasis of Pg alone). Then a young type 2 agent prefers

to reveal the true state when s = 2. But

Infw ,(2)4T,,(2)] + (5/6)(1/10) lwy,(2)4T (2, 1)] + (1/6)(1/10)

[wpp (2)4T,, (2, 2)1 = 5.27 < 5.35 = In[w ,(2)+F ,(1)] + (5/6)(1/10)

Yoo

v (2)42,,(1, 1)] + (1/6)(1/10) [w,,(2)+T (1, 2}],

which contradicts (6}. Therefore assuming the monetary equilibrium allocation
can be centralized implies a contradiction, establishing the proposition.

Why is it the case, then, that the monetary equilibrium allocation
cannot be centralized? At first blush it might appear that this is because
market trading reveals information, and the government is not allowing such
trading to occur. It might be conjectured, then, that if the government
allowed trade to occur within each generation, but made transfers to reallo-
cate resources between generations, the monetary equilibrium allocation might
be centralized.

This view is not correct, however. In particular, as indicated
previously, the ﬁji may depend in any arbitrary fashion on agents' actions
{(and they are then to be interpreted as net after-tax resource realloca-
tions). So long as agents understand how the economy works, and understand

the dependence of the T . on their actions, they care only about final out-

Ji
comes and will not reveal the state.

It may seem, though, that this argument gives agents a mich better
understanding of how the tax system works than of how the price system
works. If agents understood how information was revealed by prices and acted

accordingly, would the market and the tax/transfer mechanism then be equiva-

lent?
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The answer to this question is no. 3Before we indicate why, however,
it is useful to point out that under the tax/transfer scheme agents view
themselves as able only to declare the state incorrectly. Young agents in s =
2 take the allocation they receive if they declare s = 1 as given by the
actions of type 1 agents. The set-up of the following example attempts %o
preserve this.

Example 2. This is the same as example 1, except that agents of type 2 who
are young in s = 2 may attempt to prevent revelation of the true state. If
they are successful in this, R(1) = R(2) = R, and Q(1) = Q(2) = Q. However to
retain consistency with the remark above about the tax system, in order to
prevent revelation of state type 2 agents mist behave the same (have the same
values of demand) when s = 2 as they would if s = 1 at the prevailing equilib-
rium prices. (In other words, agents act as if they can prevent revelation of
the true state, but agents in the favorable state, s = 1, act competi-
tively.) Then if type 2 agents young when s = 2 behave so as to prevent
revelation, there are two cases to consider.

Case 1: 5 > 0« Then in equilibrium,'ﬁ = 1. Therefore ?2(5) =0 ¥'ls, and
§M = 5. The realized level of expected utility for type 2 agents when the
current state is s = 2 is EU2 = 5.09 < 5.27, which is their level of expected
utility under the equilibrium of example 1.

Case 2: @ =0. Then X = 4/5, and %2(5) =2 % s. The level of expected
utility attained is EU, = 4.85 under this arrangement.

In both cases, agents prefer the competitive equilibrium of example
i. Thus even if they understand how the price system reveals information,
agents will prefer to allow it to reveal the state. The same is not true for
the tax/transfer systems In short, the nonequivalence is not based on differ~
ential understanding of how information is transmitted under the two alternate

arrangements.
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Example 1, then, presents an economy where tax/transfer schemes
cannot reproduce the monetary equilibrium allocation, i.e., in which money is
(by our definition) a& transactions medium. One would like to know, however,
if this is in some sense an isolated phenomenon. This question is addressed

in the following section.

D. Is There a Generic Equivalence Between Tax/Transfer Schemes and Money?

It would be of little interest to demonstrate proposition 1 if for
almost 8ll econcmies in the class considered, money were not a transactions
medium. More specifically, if there were a generic equivalence between money
and tax/transfer schemes, proposition 1 would be of little interest. As
generic equivalence means that the set of exchange econcmies which displays an
equivalence between tax/transfer schemes and money is open and dense, it will
suffice to show that there exists a nonempty open set of economies where such
equivalence breaks down. Here we prove this for a restricted class of econom-
ies.

To begin, we define an economy as follows:

Definition: An econony is

a) a list of agents' types i = 1, eea, I

b) a list of states s = 1, +ss, S with their evolution governed by a given
probability law

c¢) for each type of agent a specification of a preference preordering » {> an
endowment pattern [wli(s)], Wéi(s)]; 8 = 1, ses, S, and a partition %i of
§,

d) a vector n = (ny, «s., ny) specifying the number of agents of each type.

Let E denote the set of economies obtained by fixing I, 8, and the

probability law governing the evolution of the prevailing state. Also, let



-17-

wi(s) z [wii(s), woi(s)], wy 3 [wy(1), oo, wi(s)], and w £ (W), ees, Wy).
Then a typical element of E is of the form (>1, cees Po, %1, cee, EI’ We D)e

The set E may alsc be restricted in various ways. We will restrict it in the
following fairly severe manner. Following Hildenbrand (1972), denote by Ef
the set of economies obtained by restricting preferences, partitions, and
associated demand correspondences to be a fixed sequence {>i}§=1’

{Ei}ial, and {fi}izl' If we restrict these sequences to be those arigsing from
the economy of example 1, we denote the set of economies s0 obtained by Ep¥.
Thus a typical element of E* is a pair (w, n). Let (w¥*, n*) e Eq* be the

economy of example 1. Then we have

Proposition 2. There exists a nonempty, open set of economies in Ef* for

which money is a transactions medium.

Proof. A nonempty set exists from propesition 1. Suppose that there is not
such an open set containing (w*, n¥*). Then there is a nearby economy
(;, ;) for which the monetary equilibrium allocation ec¢an be centralized.
However, it is straightforward to establish that there exists an open neigh-
borhood of (w*, n*) in Eg* such that equilibrium values [R(s), Qls)] € Ri+ are

defined by a continuous function§/
[R(s), Qs)] = wlw(s), w, nl; s =1, 2,

where w(s) is the current state endowment vector. In addition, for any point
in this neighborhood, it is easy to show that the state s net trade of a type

2 agent is a continuous function
[Elz(s)-wle(s), 522(3, s')—w22(s)] = AS[wg(s), s', R(s), Qs)];
s, s' =1, 2.

Finally, define



-18-

H (w, n) = ES'Ué{W2(2)+As[

. (s}, s', Ww(s), w, nl]}; s =1, 2,

V2
which is the expected utility of a type 2 agent young in s = 2 vwho realizes
the state s equilibrium net trade. Clearly the HS are continuous in (w, n),
as they are the compositions of continucus functilons.

Now note that the fact that (w¥*, n*) has a monetary equilibrium

allocation which cannot be centralized means that

(8) He(w*, n¥) < Hl(w*, n*).

~ ~

It has been further supposed that some arbitrarily close economy (w, n) has a

monetary equilibrium that can be centralized. But then

-~

(9) B, (v, n) > Hl(x:r, ).

However, (8), (9), and the fact that we must be able to choose (;, ;) arbi-
trarily close to (w¥, n¥) violate continuity of the HS. Thig contradiction
establishes that there exists an open neighborhood of (w¥*, n*) for which money
is a transactions medium.

Thus, in the restricted class of economies considered, tax/transfer
schemes are not generically able to produce the same allocation as arises from

a monetary equilibrium.

IV. An "Adverse Selection” Economy

In the previous section, it was demonstrated that it might be impos-
sible for the government to know when to make certain transfers; i.e., the
government might not be able to obtain sufficient information about the pre-
vailing state to reproduce the monetary equilibrium allocation. A second
problem that might arise concerns how the government can know to whom trans-

fers are to be made. In short, if an agent's type is private information, it
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may be impossible for the government to reproduce the monetary equilibrium
allocation becauge it may not be able to discover which agents should receive
which transfers. This is the subject of this section.

The class of economies considered in this section retains all the
features of the previous gection, and in addition an agent's index is taken to
be (at least initially) private information. Thus prior to the initiation of
economic activity at each date agents' pre-trade information is again %i; i=
1, ++s, I, plus each agent knows his own type (and each agent knows who the
government is).

The eguilibrium for this economy is the same as previously, since
each agent's type 1s irrelevant in exchange—E/ However, the conditions under
which a monetary equilibrium allocation can be centralized are now differ-~
ent. In particular, the government mist now he able to distinguish the cur-
rent period state and each agent's type if it is to make the appropriate
transfers. In order to have a means of thinking about information production,
we may sgain think of the government offering agents their choice from among
the array %11(5) and $2i(s,s') defined by (k). If agents correctly select;
i.e., select so as to reveal their knowledge of the state and their type, then

the government will be able to acquire the information necessary to centralize

the monetary equilibrium allocation. Formally

Definition. The monetary equilibrium allocation for this adverse selection

economy can be centralized iff the values ﬁli(s) and %2i(s,s') defined by (L)

obey

(s,)

(10) ES,Ui[wli(sl)+Tli(s 5085

I d ' Ed
1)s Vo (sy)4T, (80, 801 > B U, [w) (s, 04T,

~ ‘ ~ - -~ .
wéi(sl)+T2J(32’s )] = 8,» 8, such that Pg(sl) Pg(se), ¥ 1, Je
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Condition (10) states that all agents do not wish to misrepresent their know-
ledge of the state, do not wish to misrepresent their type (select some other
agent's transfer), or to misrepresent bothe The remainder of this section is
devoted to showing the kinds of additional problems that can arise in this
setting, as clearly the moral hazard economy is a special case of the adverse
selection economy of this section.

The fact that the moral hazard economy is a special case of the
econony considered here means that propositions 1 and 2 continue to apply.
However, a number of new problems arise when agents' types are private infor-
mation. The first is detailed in proposition 3.

Proposition 3. There exist economies with the following property: if agents'

types were public information, the monetary equilibrium allocation could be
centralized. When indices are private information, this is not by possible.
The proof is by example.

Example 3. The economy is the same as that of example 1 except that

[w12(1), w22(l)] = (1, 9) with probability 1/i

[w,5(2), w,,(2}] = (21, 9) with probability 3/k.

It is straightforward to compute the equilibrium wvalues

(1M =-%§-, Gl =23

13
~ 26 _ 31
k(1) = I7 » R(2) =335
Cll(l) = .33

021(1, 1) = 20.17 , 021(1, 2) = 2L.79

~

012(1) = 4,23
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022(1, 1) = ¢ (1, 2) = 1.36

22

012(2) = 11.92
022(2, 1) = 13.15 , 022(2, 2) = 17.76.

Given these values, (k) implies that in order to reproduce the monetary equi-

librium allocation we mist have

o~

Tll(l) = -}.33

%21(1, 1) = 10.17, T.. (1, 2) = 14.79

21

T11(2) = 1.9k

T21(2, 1) = T21(2, 2) = =1.54
le(l) = 3,23
T22(1, 1) = T22(1, 2) = =T.6L

T..(2, 1) = k.15 , T22(2, 2) = 8.76.

First we demonstrate that if each agent's type were common knowledge, the
government would be able to centralize the monetary equilibrium allocation.
To see this, note that in s = 1, type 2 agents could not meet the tax obliga-
tion implied by declaring s = 2. Thus it is not feasible to misrepresent the

state. In s = 2, we have
~ 1y,1 - 331
ln[w12(2)+T12(2)] + fEJ(Ia)IW22(2)+T22(2, 1))+ (HJ(EBJ[WQE(E)

4T (2, 2)] = kb > Inlw (2)4F ()] + @G5) lw,, (2)4F,,(1,-)]
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= 3.32,

so that agents opt for the appropriate transfer in each state, and each ele-
ment of Pg is a singleton. Thus, in the moral hazard version of this economy,
money is not a transactions medium.

Now consider the possibility that type 2 agents may misrepresent
both their type and the prevailing state. If they are young in s = 2, note

that

Inlw ()48 ()] + () (§5) v, (@48, (1, D] + (35) w,0(2)
F (1, 2)] = hbo > b1k = Infw  (2)4F (2)] + () [wy,(2)

A,,(2, 1] + () I, (2048,,(2, 2)],

so that when the true state is s = 2, type 2 agents will identify themselves

as young type 1 agents in s = 1. Moreover, for type 2 agents young in s = 1,

ln[w12(l)+T 2)] + ( )[w (1)+’I"12( )] = 1.82 > Inlw, (1)

12

A1+ G5 i, (D48, )] = 1.5,

Thus type 2 agents in s = 1 will claim tc be type 1 agents in s = 2. In
short, type 2 agents always misrepresent both state and type. Therefore, an
inability to distinguish between types of agents ex-ante can prevent the
government from being able to acquire information about the prevailing state,
as claimed.

The main implication of proposition 3 is that some informational
limitations can compound others. In particular, lack of ex-ante information
regarding agents' types can prevent discovery of the prevailing state. The

reverse is also the case. This 1s an implication of
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Proposition k. If the government initially possesses the '"best available

information" about the prevailing state, it can always discover agents' types.
This proposition states that lack of knowledge of agents' indices is irrele-
vant, so long as the government has '"full information" about the prevailing

state.

Proof: Define "full information" on the part of the government by

~ I ~
P = V p,,
& 4=1 °
I .
where V Pi is the coarsest common refinement of the Pie (A partition ¢ is a

i=1

refinement of another partition P if for every pair of elements 8 and PJ,
either 89 C PJ, or Pned = §.) Then the claim is that

ES,Ui[wli(sl)+ﬁli(s )y (s )+T Sys &' )] o> ES,Ui[wli(s )

1 1

+ﬁlj(82) (s )+T ( S5 8 ")} % S1s So such that P (s ) (52), ¥
i, J,

where as usual the %Ji are defined by (4). Suppose that this is not true.

There are then two cases to consider.

Case 1.

~

8 )+Tli, (32),

)y W 1

"~ ~ '
EeUilvy (s 0T (s 21(89)# 5 (5y5 ")) < B, U v,

1

Wy (348, (s, s')1, and B (s)) = P (s,),

2!
or agents misrepresent s but not their index. But this clearly requires that

et ~ '
Tli(sl) # Tli(s2) and/or T (sl,s ) # T (52,3 ) for some s'. However,
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A~

since P =
g

<t

11 P,, no agent can distinguish s and sp (i.e., Py(sy) = Pi(s,) ¥

i

i). This contradicts (3). Thus case 1 is impossible.

Cage 2.

(11) ES,Ui{wli(sl)+¥li(s ), w21(51)+¥2i(sl, s')] < Es,Ui[wli(s )

1 1

+T1j(sg), w?i(sl)+T

23(52’5')1

for some i, ] (i # 1), for some 81, Sp such that Pg(sl) = Pg(sg). In other
words, agents misrepresent their type, and possibly the state as well. We
claim that this is impossible. Again, there are two cases to consider.

a) Equation (11) holds for s; # s,. But We have already noted that (3) and

. ~ =~ ~ 1 =~ ]
(4) imply that Tli(sl) Tli(SE)’ and T2i(sl’ s') T2i(52’ s') w sy €

Pg(sl) if Pé = izl Pi' Therefore {11) mst also hold for sy = sp. This is
case b.

b) Equation (11) holds for s; = s,. But then

(12) ES,U.[W s )

LA )+¥1i(s ), w.(s )+T . (s

[ )
172 Vo8 /T, s')] <E U v, (s

1 1’ 1

+le(sl), Wéi(sl)+TEJ(sl’ s')].

However, the definition of the %ji indicates that they are constructed from
each agent's optimizing choices at equilibrium prices. Since all agents face
the same price, {12) would imply either that

i) %13(51) is not affordable for i. Thus i cannot select it (i.e., it is not

feasible for i). This contradicts the supposition that i1 would opt for

le(sl) in state Sy
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ii) Eﬁg<51) is affordable for i in state sy« But this contradicts the maxi-
mality of ;i(sl) and ﬁi(sl) in agent i's budget set, Thus i cannot opt
for %1J(Sl), contradicting (12).

In shert, then, when the government has the best avallable informa-
tion regarding the prevalling state, the monetary equilibrium allocation can
always be centralized. This is true regardless of whether agents' types are
private information. In other words, lack of knowledge of type creates no
informational difficulties in centralizing the equilibrium allocation. These

can occur only when the government does not have the best possible initial

information regarding the prevailing state s.

V. Money as a Transactions Medium

The definition of a transactions medium used here is that a transac-
tions medium is {an asset) something vital to the attainment of a particular
allocation of resources. In other words, money is a transactions medium if
and only if the monetary equilibrium allocation can not be centralized. A
corrollary to proposition b is

Proposition 5. Money is a transactions medium in an OLG pure exchange economy

only if there exists an informational asymmetry regarding the prevailing state
of nature.
In short, all agents (the government) cannot have the best available informa-
tion if money is to be a transactions medium. This accords closely with the
commonly advanced notion that the existence of money (as opposed to a pure
credit economy) has to do with problems of private information.zj

However, it will be noted that this is for a different reason than
has been advanced elsewhere in the literature. 1In particular, Friedman (1960)

argued that money might play an essential role in exchange for adverse selec-
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tion/moral hazard reasons when agents might default on privately issued
debt. This was formalized in Smith (1982). Here, though, the possibility of
default has been excluded. Alternatively, Brunner and Meltzer (1971) and
others have suggested that money might be explained by the existence of asym-
metric information about the quelity and attributes of wvarious commodities
(other than I0U's, as Friedman and Smith consider). This type of informa-
tional asymmetry is also excluded here. The only important kind of informa-
tional asymmetry considered here (as proposition 4 indicates) is asymmetric
information about the prevailing state of nature. This type of informational
asymmetry, embedded in an OLG model, is sufficient to generate a transactions
medium role for money. Thus more complex informational frictilons {such as
those considered by Brunner and Meltzer) are not required for money to be a
transactions medium.

When will money not be a transactiong medium then? While proposi-
tion 5 answers this question in part, a more complete answer is that money can
not be a transactions medium by the definition proposed here only if a com-
plete set of lump-sum tax/transfers is available to the government. It is
known from the optimal taxation 1literature that when private information
exists, a complete set of lump-sum taxes will not typically be available to
the governmentréj In the eccnomies of examples 1 and 3, the lump-sum trans-
fers which would be required to reproduce the monetary equilibrium allocation
are not available to the government for this reason. Thus private information
creates a role for a transactions medium.

While it will be noted that the only kind of private information
essential to this role concerns the prevailing state of nature, it was also
seen that other kinds of private information (as about agents' types) could

compound the government's problem of discovering the prevailing state. Thus
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although the types of informational asymmetries discussed above are not essen-
tial to creating a transactions medium role for money, this is not to say that
they might not he helpful in creating such a role.

Finally, we might ask whether the definition of a transactions
medium offered here is really what is typically meant by a medium of transac—
tion. While this term is generally not given a precise definition, a medium
of transaction is always taken to be an asset which "lubricates" the process
of exchange, or more generally, of the reallocation of resources. The defini-
tion advanced above requires that it be impeossible to attain certain realloca-
tions of rescurces without a transactions medium. Thus the definition em-~
ployed here is, if anything, stronger than the standard notion of a transac-
tions medium. Tt has been seen that within the OLG framework there exist
economies for which money satisfies this definition. By any standard notion,
then, money "lubricates" resource transfers in these economies. There seems,
therefore, to be 1little basis for the claim that OLG models are incapable of

providing a role for money as a fransactions medium.

VI. Some Comments on the Role of the "Government."

At least two comments seem to be in order concerning the role of the
government in centralizing resource allocations. The first concerns the
amount of information that the government has been assumed to possess in
constructing economies where money is a transactions medium. In the construc-
tion of examples 1 and 3 (and the open set of economies of proposition 2), the
government was given initial information which was in each case common know-
ledge in the sense of Aumann (1976).I/ A brief defense of this is now offered
in order to indicate that our results are not based on scme "unusual" assump-

tions about the initial information of the government.
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Suppose that the government possessed more than common knowledge
regarding the prevailing state. 1In an econony in which resource reallocations
take place through exchange, if prices do not reveal more than common know—
ledge about the state then the partitions P; impose constraints on the set of
informationally feasible transactions (as in equation (3)). A subset of these
constraints could be relaxed if the government were to simply announce its
knowledge of the current state. However, then %g would coincide with common
knowledgeagj Thus this formulation seems to be the most reasonable one.

A second comment concerns the vliew taken here of the government as
an independent agent in the econonmy. This view is not necessary to the analy-
sise. In particular, we could consider anh economy in which government is a
collusive arrangement, but in which agents do not transmit information when
they collude. This corresponds +to the notion inherent in the definition of
the "coarse" core proposed by Wilson (1978). Under this interpretation, the
analysis above may be taken to imply that agents colluding in this manner will
not generally face the monetary equilibrium allccation as one of their op-
tions. In short, it is not necessary to the argument to view the government

as a deus ex machina in this setting.

VII. Money and Information.

As a final exercise, this section considers the incentives for
agents to allow prices to reveal information in the presence, and in the
absence of money. The economic set-up parallels that of example 2. To recap,
type 2 agents in that example always know the prevailing state, and in the
process of exchange, prices may reveal this information to type 1 agents.
However, if the prevailing state is s = 2, young type 2 agents could obtain a

better expected rate of return on their portfolios if they either could con-
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vince type 1 agents that the true state were s = 1, or if they could prevent
revelation of the state. Suppose these agents attempt to prevent revelation
through prices. Then we need some assumption on the behavior of type 2 agents
when s = 1. Because allowing agents to behave monopolistically presents prob-
lems in the treatment of money, we assume that young type 2 agents in s = 1
take R(1), Q(1), and Q{(2) as parameters. Then in order to prevent state
revelation, agents who are young when s = 2 mist mimic the behavior of agents
young in s = 1. We will call the resulting equilibrium a quasi-competitive

equilibrium.

Definition. A quasi-competitive equilibrium for an element (w, n) e Eg* is a

pair of nonnegative wvalues ﬁ, E, and a set of wvalues ;i’ Hi; I = 1, eee, I
such that
(iii) ;i’ Ei are maximal for type i agents In the budget sets defined by

R and-ﬁ when s = l.

I
(iv) iz=1nix:.L =0
I —
(v) izlniMi = M
(vi) Es,Ug[w12(2)+x2-Q . w22(2)-R x+Q M2] > ES,U2[w12(2)+x2(2)

-6(2)&2(2), wég(e)-ﬁ(z)ie(2)+6(s)ﬁé(2)l,

where a "~" denotes the competitive equilibrium value for (w, n) e Eg*. Thus
a quasi-competitive equilibrium is one where equilibrium values clear markets
at prices ﬁ, Qin s = 1, type 2 agents in s = 2 act as if 8§ = 1 in terms of
their transactions, and they prefer this to allowing prices to reveal the

state (condition (vi)).
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Given this definition, we have

Proposition 6. There exist economies which have only a quasi-competitive

equilibrium when M = 0, and which have only a competitive equilibrium when M >
O and money is valued.

The proof is by example.

Example 4. The economy is as in the previous examples, except that

(11, 9) with probability 1/2

[ng(l)g ng(l)]

[w10(2), wop(2)] = (12, 9) with probability 1/2.

If M = 0, it is easily verified that the quasi-competitive equilibrium has
F-2 o= _ 1
R = 51° and x = >

The competitive equilibrium, on the other hand, would have (if it existed)

R =29

2

R(1)

X = =
2

il

%(1)

R(2) =-§-‘1l, %2) = 1.

Then for young type 2 agents in s = 2, the expected utility level if prices
reveal the state is
~ 1 ~ ~
ln{w12(2)+x(2)] + (ia)[w22(2)—R(2)x(2)] = 3.3888.

The expected utility from mimicing the behavior of young agents in s = 1 is

Inlw ,(2)+x] + (35) [w,, (2)+K %] = 3.3899.

12

Thus (vi) is satisfied, and there is no incentive for young type 2 agents to
allow prices to reveal the prevailing state«gf Then when M = 0, revelation

does not occur, and there is not a full competitive equilibrium.



-31-

Suppose now that M > O, and that money is valued. Then if type 2
agents do not allow the state to be revealed,'ﬁ = 1, W™ = 1, and x = 0. If
these agents behave competitively, on the other hand (i.e., if they allow

prices to reveal the state), equilibrium values are

Q1M = 1.465 , R(1) = 1.024
Q2 = 1.535 , R(2) = 0.977
322(1) = 0.23h , Tcg(e) = ~0.235.

The expected utility sttained by young type 2 agents if they allow revelation
in s = 2 is 3.399. If they do not allow state revelation, EU2 = 3.398. Thus
when M > 0 and money is valued, informed agents will allow revelation of the
state.lg/ This establishes the proposition.

It is also possible to prove

Proposition 7. There exists a nonempty open set of economies in Ef* which

have competitive equilibria when money is present and wvalued, but which have
only quasi-competitive (nonrevealing) equilibria when M = 0.

The proof closely parallels the proof of proposition 2, and is omitted here.
Proposition T states that the economy of example 4 is not isolated in any
formal sense.

The significance of proposition 6 is that for the economies con-
sidered, the introduction of wvalued fiat money strictly expands the social
opportunity set. In example L, for instance, when M = 0 the constraint x;(1)
1(2) was imposed on all potential exchanges. The introduction of wvalued
fiat money relaxed a constraint on trade, and thereby expanded aggregate
opportunities. In short, once a somewhat less than competitive equilibrium

concept is allowed for, the introduction of woney in a pure exchange OLG
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economy can expand social opportunities. This in turn is in contrast to the
claim of McCallum (1982), for instance. This is that money mist appear in
some objective function (specification of tastes or technology) for this to
occur. In fact, it is fairly easy to construct a wide variety of OLG econom-
ies with various kinds of private information in which money expands trading

opportunities in essentially the manner discussed here.

VIII. Conclusions.

As indicated previously, the act itself of introducing fiat money
represents an intervention by some governmental authority. Given that some
intervention inevitably takes place in any monetary economy, a natural ques-
tion is whether this one-time intervention has any natural advantage over the
complete centralization of resource reallocation. It has been seen that there
i1s such an advantage; some resource allocations are attainable through a one-
time intervention, but not through continuing intervention. Moreover, this
provides, in a strong sense, a rationale for why money can be a medium of
transaction in an OLG model. This is that money "lubricates” transfers of
resources. In fact, certain transfers are impossible without the presence of
some monetary assets.

In summary, then, the introduction of elements of private informa-
tion in an OLG setting allow money to "lubricate" exchange without technolog-
ically based transactions frictions. Only certain types of uncertainty can
accomplish this, however. In particular, there mist be some underlying uncer-
tainty regarding the prevailing state of nature for money to play this role ir
agents are not permitted to default on their obligations. It was also seen
that other types of informational frictions could compound problems presented

by private information regarding the current period state. Finally, it was
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seen that when agents can use their understanding of the economy to conceal
the state, the introduction of valued fiat money can result in an increase in
the amount of information transmitted by prices. This, in turn, expands

aggregate opportunities in these economies.



Footnotes

EJBrunner and Meltzer (1971), Friedman (1960).

nghe nature of this intervention is discussed in detail by Cass and
Yaari (1965).

éfw maps the current period state, the set of possible future states,
and n into positive pairs R(s), Q(s); i.e., we focus on valued fiat money
equilibria.

EjNote in particular that agents are not allowed to default on loans
in trade either with each other, or with the government.

3/see, e.g., Friedman (1960).

8/see Guesnerie and Seade (1982), or Stiglitz (1982).

ZjSee Milgrom {1981) for an axiomatic characterization of common
knowledge.

8/1n the economies examined here, the Pi(s) were singletons. One
might suggest, then, the government should be given post-trade common know-
ledge. It is easy to construct examples, though, where %i(s) = Pi(s) ¥ se Q,
and where Pi is finer than Pj for some i, j. In other words, amending §g in
this way would not correct the informational asymmetry, and the problems
discussed in the text could still arise.

ngote that type 2 agents who are young in s = 1 are indifferent as
to whether revelation occurs or not.

lg/Type 2 agents who are young in s = 1 also prefer that revelation

QCCUT.



References

Aumann, R., "Agreeing to Disagree," The Annals of Statistics, 1976.

Brunner, K., and A. Meltzer, "The Uses of Money: Money in the Theory of an

Exchange Economy," American Economic Review, 1971.

Friedman, M., A Program for Monetary Stability, Fordham University Press, New

York, 1960.
Guesnerie, R., and J. Seade, "Nonlinear Pricing in a Finite Economy," Journal

of Public Economics, 1982.

Hildenbrand, K., "Continuity of the Equilibrium Set Correspondence," Journal

of Economic Theory, 1972.

McCallum, B., "The Role of Overlapping Generations Models in Monetary Econom-
ics," unpublished, 1982.

Milgrom, P., "An Axiomatic Characterization of Common Knowledge,” Econom-
etrica, 1981.

Samvuelson, P., "An Exact Consumption Loan Model of Interest With or Without

the Social Contrivance of Money," Journal of Political Economy, 1958.

Smith, B., "Limited Information, Money, and Competitive Equilibrium," unpub-
lished, 1982.
Stiglitz, J., "Self-Selection and Pareto Efficient Taxation," Journal of

Public Economics, 1982.

Wilson, R., "Information, Efficiency, and the Core of an Fconomy," Econom-

etrica, 1978.



