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Abstract

Money provides liquidity services through a cash-in-advance constraint. The
exchange of commodities and assets extends over an infinite horizon under un-
certainty and a complete asset market. Monetary policy sets the path of rates of
interest and accommodates the demand for balances. Competitive equilibria ex-
ist. But, for a fixed path of rates of interest, there is a non-trivial multiplicity of
equilibrium paths of prices of commodities. Determinacy requires that, subject
to no-arbitrage and in addition to rates of interest, the prices of state-contingent
revenues be set.
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1 Introduction

1.1

An immediate extension of the model of general competitive equilibrium of Ar-
row, Debreu and McKenzie encompasses monetary economies with an operative
transaction technology: a monetary authority supplies balances in exchange for
assets, through open market operations, and by lump-sum transfers to individ-
uals. Non-interest-bearing fiat money is dominated by interest-bearing nominal
assets as store of value. The demand of money resulting from its role in facili-
tating transactions, here a factual starting point.

A general equilibrium formulation of a monetary economy emancipates mon-
etary economics from the hypothesis of a representative individual, it allows for
distributional effects and, possibly, for incomplete asset markets. This last ex-
tension is not treated here.

Monetary models typically involve economies that extend into the infinite
future. The reason is commonly understood as a problem of consistency, em-
phasized by Hahn [21]. Suppose that a given supply of balances, m, serves as a
medium of exchange and is initially distributed to individuals, ( L,me ) .In
a one-period economy, each individual faces the budget constraint

(lir)mi+p'2i=mia

where p are prices of commodities, z* is the net trade, r is the nominal rate of
interest and m? is the demand for balances. Holding money has an opportunity
cost measured by the nominal rate of interest. Equilibrium immediately requires
that money be in zero net supply, that is, m = 0. If not, a positive quantity of

money,
_ r o 1 _
m 1+7r m= 1+r ™

must be taxed away, as suggested by Lerner [24]. The amount that must be
taxed away at the terminal date, m, has discounted value at the initial date

equal to
t T t+1
1 1
mz<’” )() m< ) i
= 1+7r 147 1+7r

Over an infinite horizon, this converges to zero and initial outside claims are
exhausted by transaction costs.

Recent formulations of a monetary economy have pointed out that an infinite
horizon is not necessary in order for money to be valued at equilibrium. In
Dréze and Polemarchakis [13], fiat money is created at no cost by banks that
lend it to individuals and firms at nominal non-negative rates of interest. Banks
keep balanced accounts, so that outstanding money is the counterpart of assets,
claims on individuals and firms. Banks are owned and their profits, equal to
interest earned on assets, accrue to shareholders. An alternative description




is given by Dubey and Geanakoplos [14, 15], where profits of banks are not
redistributed to individuals and the latter are endowed with initial nominal
balances. Both institutional arrangements avoid Hahn’s [21] paradox over a
finite horizon, since balances used in transactions, m, do not coincide with
nominal claims assigned to individuals, ( L, ) , so that Walras’ Law,

(e
147

can be satisfied by a non-vanishing supply of balances.!

Once proven to be consistent, finite time has the advantage of analytical
tractability. Still, the extension to an infinite horizon, which motivates our
research in this paper, is of interest. First, in order to show that, when mov-
ing from a finite to an infinite horizon, all qualitative conclusions are retained.
Second, in order to allow for speculative trade in long-term assets. Third, in
order to accommodate models commonly employed in contemporary monetary
economics. Last, but not least, in order to contrast equilibrium properties of
economies of finitely many infinitely-lived individuals with economies of over-
lapping generations.

1.2

We consider an economy that extends to an infinite future. Time is divided into
an infinite number of dates. Uncertainty is described, following the canonical
model of Debreu [8], by an event tree.

Policies are represented by contingent plans. At every date, after information
is revealed, a public authority supplies balances at given nominal rates of interest
(monetary policy), trades in assets (portfolio policy), which allows for open
market operations, collects commodity taxes (fiscal policy) and makes transfers
to individuals (transfer policy).

A finite number of individuals hold initial claims and trade sequentially
in commodities, balances and assets. At every date, contingent on revealed
information, individuals adjust their holdings of assets and balances subject
to budget and solvency constraints; trade in commodities follows, subject to
a cash-in-advance or Clower [7] constraint. The asset market is sequentially
complete: all possible state-contingent revenues can be traded.

Our description encompasses the natural infinite-horizon extensions of the
monetary economies of Dréze and Polemarchakis [13] and Dubey and Geanakop-
los [14, 15].2 Also, it reproduces, almost faithfully, the formulation of Woodford

!In Dubey and Geanakoplos [14, 15], ...,m! ... are initial balances held by individuals
and m—1m is the additional supply of balances. In Dréze and Polemarchakis [13], ...,m¢,...
are interpreted as transfers of bank profits to individuals and there are no initial balances.
The distinction between the exogeneity of initial holdings of balances, unlike the endogene-
ity of transfers of bank profits, affects the determinacy of equilibria and differentiates the
specifications.

2Dreze and Polemarchakis [13], however, consider a monetary economy over a finite horizon
with production and general transaction technology.



[33] with a representative individual, which is, in turn, similar to the cash-
in-advance economies studied in Wilson [32] and Lucas and Stokey [26].3 All
differences among these previous studies obtain here as differences in the way
monetary and, possibly, fiscal policies are conducted.

Sequential completeness of the asset market serves to isolate the effects of
liquidity constraints from those related to other obstacles to risk sharing and
intertemporal consumption smoothing. Admitting that balances can be read-
justed at every date, after information is revealed, eliminates any precautionary
demand and distinguishes the transaction and the asset role of money.

1.3

If the public authority sets the one-period, risk-free nominal rates of interest at
every date-event and it accommodates the demand for balances, suitable trans-
fers guarantee that competitive equilibria exist for arbitrary fiscal and portfolio
policies. In the terminology of Woodford [33, 34], the regime is Ricardian: as
prices of commodities and assets vary, transfers adjust to satisfy intertemporal
public budget constraints.

Alternatively, transfers are restricted: when negative transfers are ruled out,
in the presence of a positive initial public liability, existence requires positive
public revenues, coming from taxes and seignorage; without taxes, positive rev-
enues from seignorage needs transactions, which parallels the analogous condi-
tion in Dubey and Geanakoplos [15]. In the terminology of Woodford [33, 34],
the regime is non-Ricardian.

Interest rate policy does not suffice to determine the level and the path of
nominal prices of commodities and assets at equilibrium: the prices of contin-
gent revenues are unrestricted; so is the over-all price level; the latter, but not
the former, have real allocative effects (in presence of initial nominal claims).
Determinacy, up to the over-all price level, requires that, beyond risk-free rates
of interest, also the prices of contingent revenues be somehow determined, sub-
ject to no-arbitrage constraints. Nominal determinacy results, as in the fiscal
theory of the price level (Woodford [33, 34] and Cochrane [11]), when there
are no transfers. Similarly, Dubey and Geanakoplos [14, 15], as well as Magill
and Quinzii [27], obtain determinacy, for economies with a finite horizon, by
adopting a non-Ricardian specification.

The indeterminacy associated with interest rate policy has real effects in
economies with an incomplete asset market over an infinite horizon (Florenzano
and Gourdel [16], Herndndez and Santos [22], Levine and Zame [25] and Magill
and Quinzii [28]) modified so as to accommodate cash-in-advance constraints.

Nakajina and Polemarchakis [29] work out an example that illustrates the
indeterminacy of equilibrium with Ricardian policy and contrast it with the
determinacy that results from a non-Ricardian specification. In addition, they
demonstrate that a monetary authority may attain determinacy by setting the

3Grandmont and Younés [19, 20] study a temporary equilibrium of an economy under
certainty with cash-in-advance constraints, an infinite horizon and heterogeneous individuals.



term structure of rates on interest, equivalent to setting the prices of contingent
revenues.

2 The Economy
2.1

For a given countable set, A, the space of all real valued maps on A, ¢ (A), is an
ordered vector space. Vector subspaces are the spaces of all bounded, £, (A),
and summable, ¢; (A), real valued maps on A, endowed with their respective
norms. A vector, z, is positive (strictly positive, uniformly strictly positive) if,
for every ain A, x4 > 0 (24 > 0, 24 > € > 0). It is decomposed into a positive,
2T >0, and a negative, x~ > 0, part, so that x = ™ — 2~ . The positive cone
of an ordered vector space consists of all its positive vectors.

2.2

Time and the resolution of uncertainty are described by an event-tree, a count-
able set, S, endowed with a (partial) order, »= . For every date-event, o, an
element of S, t, denotes its date. The unique initial date-event is ¢, with
ty = 0. For a given date-event, o, 0 = {7 > 0 :t, =t, + 1} denotes the set
of its immediate successors, a finite set; S, = {7 € S : 7 = o} the set of all its
(weak) successors, a subtree; S* = {0 € §:0 <t, <t} the set all date-events
up to date t; Sy = {0 € S : t, =t} the set all date-events at date t. The con-
struction is standard: see, for instance, Magill and Quinzii [28] and Santos and
Woodford [30].

2.3

At every date-event, markets are open for commodities, assets and balances,
which are numéraire. At every date-event, there is a finite set, N, of tradable
commodities, which are perfectly divisible and perishable. Consistently, the
commodity space coincides with the space of all bounded real valued maps on
S x N and prices of commodities, p, are a positive real valued map on S x N.

The asset market is sequentially complete. A portfolio, holdings of assets,
is described by its payoffs across date-events, v, a real valued map on S. Prices
of assets are state prices, the prices of revenues across date-events, a, a strictly
positive real valued map on § , normalized so that ay = 1. At a date-event, a
portfolio, with payoffs (v, : 7 € o) across its immediate successors, has market

value
-1
a, E arVr.

TET

State prices are also commonly called prices of elementary Arrow securities.

4For details, see Aliprantis and Border [1]. Notice that, throughout the paper, we use the
term ‘positive’ (‘negative’) to mean ‘greater or equal than zero’ (‘less or equal than zero’).



At given state prices, one-period, nominal rates of interest, r , a positive
real valued map on S, are defined, implicitly, by the equations

Z ar = (1_'_171) s < Q.

TET 4

Indeed, since balances are storable, no-arbitrage requires that nominal rates of
interest be positive.

24

There is a finite set of individuals. An individual, , is described by preferences,
>, over the consumption space, the positive cone of the commodity space, and
an endowment, e?, of commodities, an element of the consumption space. We
make two common assumptions on preferences and endowments of commodities.

Assumption 2.1 (Preferences) The preferences of every individual are con-
tinuous (in the relative Mackey topology), convex and strictly monotone.

Assumption 2.2 (Endowments) The endowment of every individual is uni-
formly strictly positive.

Continuity of preferences in the Mackey topology, introduced in Bewley [4], is
a strong requirement.® In particular, it implies that the individual is impatient:
sufficiently distant modifications, even unbounded ones, of consumption plans
do not reverse the order of preference. Uniform impatience across individuals
would be a stronger requirement. The much stronger assumption of a uniform
rate of impatience across date-events, in the recent literature on incomplete
asset markets over an infinite horizon (Herndndez and Santos [22] and Magill
and Quinzii [28]), is not needed here.®

5It encompasses, for example, preferences that are represented by an additively separable
utility function, >
/»L(J'Btgui xi 5
o€eS
where po is the probability of o, 0 < 8 < 1 is the discount factor, and u® is a bounded,
continuous, increasing, concave real valued map on £ (N) with u? (0) = 0.

6 Alternatively, one could include unbounded maps in the commodity space and preferences
could be required to be continuous in the product topology. By rescaling units of measurement
of different commodities, which does not affect continuity in the product topology, one can
always suppose that the aggregate endowment is bounded. For the purposes of equilibrium
theory, one need not consider individual consumptions that exceed this bound, though this
may be contrary to the spirit of competitive equilibrium, since individuals might, indeed, con-
template unbounded consumption plans. Pursuing this direction, continuity in the product
topology restricted to consumption plans uniformly bounded by the aggregate endowment is
equivalent to continuity in the Mackey topology; this amounts to the impatience of individ-
uals exceeding the rate of growth of the aggregate endowment. The stronger assumption of
continuity in the product topology, as in Geanakoplos and Polemarchakis [18], keeps separate
restrictions on preferences and restrictions on endowments.



2.5

A public authority (or a government, or a central bank) conducts monetary,
fiscal, transfers and portfolio policies. The supply of balances, m, a positive
real valued map on S, is contingent on dates and information. Monetary policy
consists of nominal rates of interest, r, that are set, while the supply of balances
accommodates demand. Although our analysis could be adapted to cope with all
arbitrarily set nominal rates of interest, we impose a restriction that facilitates
presentation.

Assumption 2.3 (Monetary policy) Nominal rates of interest, r, are (uni-
formly) bounded.

Fiscal policy consists of taxes, ( g ) , bounded positive real valued
maps on S x . In the aggregate, taxes are g =, g'. We require consistency
between monetary and fiscal policy, which is needed both to avoid problems of
solvency, when individuals hold initial nominal debts, and to carry out a limit
argument for the proof of existence of equilibria.”

Assumption 2.4 (Fiscal policy) Given monetary policy, r, for every indi-
vidual,
1 P i
<1+r> Y

Transfer policy consists of lump-sum nominal transfers to individuals, (...,
hi,...), real valued maps on S. In the aggregate, transfers are h = >, h'.
To avoid additional, redistributive indeterminacy, we assume that aggregate
transfers are distributed to individuals according to fixed shares, ( NG ) .
Moreover, we restrict transfers policies obtain well-defined present values at
every date-event.

is uniformly strictly positive.

Assumption 2.5 (Transfer policy) Transfers are distributed to individuals
according to given shares, (...,Ci,...) > 0, such that ), ¢* = 1. Moreover,
given state prices, a, at every date-event, the sum of present value transfers,
> res, Arhr, converges.

Trade in assets by the public authority is described by public liabilities, w,
a real valued map on S, with a given initial value, wy = d. The initial public

"For a real valued map, x, on S and a real valued map, z, on S x N, xz = zz is the

real valued map on S X A obtained by point-wise product, (..., Ts2o,-..) = (..., 20T5,...) -
Moreover,
1 1
T+r 7 14re
and
r _ To
T+r 7 I4r,

are used for notational convenience.



liability, d, corresponds to initial nominal claims, ( L ) , of individuals,
that is, 0 = ), ¢'. To simplify the presentation, at no loss of realism, we assume
that there is a strictly positive initial public liability.

Assumption 2.6 (Public liability) The initial public liability, §, is strictly
positive.

The public authority is subject, at every date-event, to a sequential budget
constraint,

(1 107"0) me +a’;1 Z ArWr = Wqo +h0 —Po " Yo-
TET

Portfolio policy sets the composition of the public portfolio, but not its mag-

nitude, at every date-event: it is represented by ©, a real valued map on S,

and imposes the additional restriction that (w, : 7 € o) belong to the span of

(O©,:7€0,)8

Assumption 2.7 (Portfolio policy) At every date-event, the wvector (O :
T € 04) is positive and non-zero.

Our representation of public policies incorporates a minimal requirement of
consistency. Indeed, arbitrarily set policies determine, through the sequential
public budget constraint, the evolution of public liabilities, for all given prices
and demands of balances. For every date-event, o , public liability at every
immediately following date-event, 7, is given by

o) (o oot (7))
Wr = | <=~ UoWe UM — QsPo * Go — AgMy | -
Z£€U+ ag¢O¢ 1474

However, given policies might not satisfy an intertemporal public budget con-
straint at all prices and at all demands of balances.

Remark 2.1 Consolidated budget constraints are consistent with a specifica-
tion of mutually independent monetary and fiscal authorities. Suppose that v
and u represent, respectively, the liabilities of the monetary and fiscal authori-
ties. The central bank is an institution which issues balances and runs balanced
accounts: outstanding money, m, is matched by claims on individuals or the
government, that is, v = 0. The bank is owned by individuals or the govern-
ment and distributes dividends, d, to share-holders: the imposition of balanced
accounts implies, at every date-event, that

r
g o = dg.
<1—|—r0>m

8In general, different constraints on portfolios (that is, for instance, (wy —mey : 7 € 04)
belongs to the span of (Or : 7 € o)) would lead to inconsistencies.




Consistently, the government is subject, at every date-event, to a sequential
budget constraint,

<1_Z§Z> do"'a;l Z art; = Uy + he — Po - o,

TET L

where (...,&%,...) > 0 and (1—3,&") > 0 are, respectively, the shares of
individuals and the government into the central bank. &

2.6

The constraints that an individual faces, at every date-event, are a budget
constraint,

(1—1—07“ )mf,—kaal Z arwl +po - (z, —el) <wl +hl —ps - g,
7 TEoT

a liquidity constraint,
Po - (5 —e;) —my <0,
and a solvency constraint

. . 1 ) .
—a;' Y ar <hi—Pa-gz+<1+r )pr-ei> < wg,

TESO‘

where initial nominal claims are predetermined by the condition w? = §°. In the
budget constraint, the nominal interest rate represents the opportunity cost of
holding wealth in liquid form. Equivalently, here, of collecting proceeds of sales
with a one-period lag.

Remark 2.2 Our constraints coincide with those of Woodford [33] and, in a
finite horizon, with those of Dubey and Geanakoplos [15]. Liquidity constraints
correspond to cash-in-advance. At every date, after information is acquired,
o, an individual has nominal claims w?, receives a transfer h’ and pays taxes

po - 9. He purchases a portfolio, with payoffs (Ui ITE a+) , and balances n? so
as to satisfy the constraint

nt +a;t Z a;vt <wl 4+ hi —p, gt
TEO L
He employs balances for the purchase of commodities, according to the con-
straint . L .
pa'(x;_ezr) _n; <0,
and receives balances from the sale of goods. The end of period amount of
balances is, therefore,

m;:nff—pa'(xla_efr) +pa-($2—€fr)
At the following date, after information is revealed, 7, nominal claims amount
to wl = vl +m. ¢



Remark 2.3 Solvency constraints serve to eliminate Ponzi schemes. They are
equivalent to the restriction that an individual can incur any amount of nominal
debt that can be repayed in finite time. The value of the endowment in com-
modities at a date-event is taxed at the nominal interest rate, since revenues
from sales are carried over in the form of balances that do not earn interest. <»

For an individual, a plan consists of a consumption plan, z?, balances, m?,
and asset holdings, w®. The sequential budget set is the set of all consumption
plans which satisfy the sequential budget, liquidity and solvency constraints, for
some balances and asset holdings, given initial nominal claims.

3 Equilibrium

For given monetary and fiscal policies, an equilibrium consists of portfolio and
transfer policies, plans for individuals, prices of commodities and state prices
(consistent with set nominal rates of interest) such that: (a) the plan of every
individual is optimal subject to sequential budget, liquidity and solvency con-
straints, given initial nominal claims; (b) at every date-event, market clearing
is achieved in markets of commodities,

i_ i
275 =2 %
i i

and assets,
i
E Wy = Wg,
i

where public liabilities, w, satisfy public sequential budget constraints at bal-
ances demanded by individuals, m =", m?, given initial public liability.
4 Consolidation

Since the asset market is complete, the sequence of budget constraints faced by
an individual reduces to a single constraint at the initial date-event.

Lemma 4.1 At equilibrium, present value prices of commodities, ap, are a
summable real valued map on S x N.

At equilibrium, therefore, the intertemporal budget constraint of an individ-
ual,

Z (1 :—UTG> aamfr + Z UoPo * (‘/'C;' - 62) < (Sl + Z aghf, — Zaapg -gé,

ceS g€eS g€eS o€eS

is well-defined.



Lemma 4.2 At equilibrium, a consumption plan is attainable under sequential
budget, liquidity and solvency constraints if and only if it is attainable under the
unique intertemporal budget constraint and sequential liquidity constraints. Op-
timality of a consumption plan requires that the intertemporal budget constraint
be satisfied with equality and, at every date-event,

(1) (e - et)™ i) =0

The transversality condition takes the form

. i
lim g asw, = 0.
t—o0

oES,

As the liquidity constraint is binding whenever the nominal rate of interest
is positive, the intertemporal budget constraint of an individual reduces to

Ses (75 ) o - (#h = )"+ Lpesmo - (3 — ) <

6i + Ci ZO’ES aUhU - ZD’ES To - gi’

where m = ap are present value prices of commodities, a summable positive real
valued map on S x N. At equilibrium, aggregation across individuals yields

Z(l:j’r >7T.2<xff_eff)_+zﬂ—0'ga:6+Zaaha7

gEeS % cEeS g€eS

which is the intertemporal public budget ‘constraint’. It is clear that state prices
are of no allocative relevance, unless transfer policy is arbitrarily set.

5 Existence and Determinacy

We successively address the issues of existence of an equilibrium, determinacy of
the overall price level and determinacy of rates of inflation. In proving existence
of an equilibrium, monetary, fiscal and, possibly, portfolio policies are given
exogenously, whereas transfer policies are endogenous and, possibly, subject to
additional restrictions. The determinacy of rates of inflation is studied for given
portfolio policies, since, otherwise, a full indeterminacy, up to consistency with
set nominal rates of interest, always obtains.

In addition to all already stated hypotheses, conditions for existence of an
equilibrium are distinguished according to their specific role. Those for public
solvency ensure that intertemporal public budget can be balanced, at the outset,
at some overall price level, when one restricts transfers to be positive or one does
not allow for transfers at all. Those for private solvency guarantee that every
individual is able to honor the initial debt when the overall price level is varied
subject to public solvency. Finally, those for public debt consistency ensures that

10



public solvency obtains sequentially, at every date-event, under given portfolio
policy.

Existence requires that initial public liability, which is nominal, be covered
by public revenues, consisting of seignorage and taxes, which are real, and,
possibly, negative transfers, which are nominal,

Z<1:_gr )W'Z(xfr_eg)_‘FZWU'QU=5+Zaghg.

c€eS c€eS geS

If negative transfers are allowed, this restriction is vacuous: negative trans-
fers can always be issued so as to guarantee a balanced intertemporal budget.
When negative transfers are not allowed, under strictly positive, but otherwise
arbitrary, real revenues, a sufficiently high price level permits covering an arbi-
trary initial liability. However, if there are no taxes, public solvency requires
seignorage, which might fail to be strictly positive: consistently, conditions for
individuals to be willing to hold balances, at set strictly positive nominal rates
of interest, are to be explicitly considered.

Assumption 5.1 (Public solvency) One of the following conditions holds:
1. Negative transfers are allowed.
2. Fiscal policy is non-zero.
8. Monetary policy is strictly positive and trade occurs at equilibrium.

Trade at equilibrium occurs when gains to trade are higher than transac-
tion costs related to nominal rates of interest, as pointed out by Dubey and
Geanakoplos [14, 15]. The issue is further investigated below when we carry out
a duality analysis.

Assumption 5.2 (Trade at equilibrium) There exists an allocation,
(. LI ) , that Pareto dominates the initial allocation, ( Loeh ) , and sat-
isfies, at every date-event,

Sl + (13’ )Z(x;_eg)‘ <Y el

i

Since individuals may hold initial nominal debts, private solvency,

o B (k) B (o (h2)°)

ceS g€ES oES

is to be ensured by a high enough overall price level. When transfers are issued,
intertemporal public budget can be balanced at all high enough price levels
and, therefore, private solvency can be guaranteed. If transfers are not issued,
however, the overall price level serves to balance intertemporal public budget
and, consequently, private solvency might fail when there are initial nominal
debts.

11



Assumption 5.3 (Private solvency) One of the following conditions holds:

1. Positive transfers are allowed.

2. Initial nominal claims of individuals are positive.

As time evolves, public liabilities are determined by portfolio policy. They
are to be balanced, at every date-event, by public revenues,

YD i P IERINE SR AP Sr

TES, % TES, TES,

If negative transfers can be issued, this restriction is vacuous. When transfers
can only be positive, situations in which public real revenues vanish must be
ruled out. If transfers are not allowed, in addition, situations in which public
liabilities vanish must be ruled out as well.

Assumption 5.4 (Public debt consistency) One of the following conditi-
ons holds:

1. Negative transfers are allowed.
2. Positive transfers are allowed and fiscal policy is strictly positive.

8. Portfolio and fiscal policies are strictly positive.

Equilibrium exists for given monetary and fiscal policies when public and pri-
vate solvency is guaranteed. With unrestricted transfer policy, solvency requires
no additional conditions. With positive transfer policy and without transfer pol-
icy, public solvency requires positive public revenue, either taxes or seignorage.
In addition, without transfer policy, private solvency is only guaranteed if there
are no initial private nominal debts. For given portfolio policy, with positive
transfers policy and without transfer policy, the existence of an equilibrium
might fail when public revenue is not positive at every date-event.

Proposition 5.1 (Existence) For given monetary and fiscal policies, under
solvency conditions, an equilibrium exists with unrestricted transfer policy, with
positive transfer policy or without transfer policy. For given monetary, fiscal
and portfolio policies, under solvency and public debt consistency conditions, an
equilibrium exists with unrestricted transfer policy, with positive transfers policy
or without transfer policy.

With unrestricted transfer policy and positive transfer policy, there is in fact
a multiplicity of equilibria, corresponding to the overall price level, up to a lower
bound accounting for solvency of individuals and, possibly, positivity of trans-
fers. One may also argue that, generically, if trade occurs, such a multiplicity
is of real allocative relevance.
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Proposition 5.2 (Overall Price Level) For given monetary, fiscal and port-
folio policies, under solvency and public debt consistency conditions, a multiplic-
ity of equilibria exists with unrestricted transfer policy or with positive transfers
policy. Such a multiplicity can be indexed by the overall price level, up to a lower
bound which guarantees solvency of every individual and, if required, positivity
of transfers.

Up to consistency with nominal rates of interest, state prices, of no allocative
relevance, are indeterminate, unless transfers are ruled out and, in addition, the
portfolio policy is given. Without transfers, at every date-event, portfolio policy
imposes

Z <1:_TT )’/T,,.Z(IC?,.G%,.)#’ Z”T‘r'g‘r:aawaa

TES, % TES,

where all terms, but state price, are predetermined, thus adding additional
restrictions. If positive transfers are allowed, it only requires

5 (12 ) ) 3 >

TES, i TES,

leaving, consequently, state prices partly indeterminate.

The indeterminacy of state prices, subject to consistency with nominal rates
of interest, translates into an indeterminacy of rates of inflation, subject to
Fisher Equations. Indeed, given (strictly positive) present value prices of com-
modities, 7, one obtains, at every date-event,

(pT” T E O’+) = (ag HWTH T E O’+> .
1ol ar ||mo|]
Thus, state prices account for the variability of rates of inflation, subject to
Fisher Equations,
3 Pl Il _ 1
Ipell lmall 1470

TET

Proposition 5.3 (Rates of Inflation) For given monetary, fiscal and portfo-
lio policies, with unrestricted transfer policy or with positive transfer policy, state
prices are indeterminate, up to consistency with nominal rates of interest and,
if required, positivity of transfers. These are (countably)infinitely many degrees
of purely nominal multiplicity, corresponding to the variability of inflation rates,
up to consistency with Fisher Equations and, if required, positivity of transfers.
For given monetary, fiscal and portfolio policies, without transfer policy, state
prices are determinate, subject to strict positivity of public liabilities.

Determinacy of the overall price level and of state prices corresponds to the
fiscal theory of price determination (for example, Cochrane [11] and Woodford
[33, 34]). It bears similarities, furthermore, with the determinacy of monetary
equilibria obtained by Dubey and Geanakoplos [15] under given money supply,
since it is there equivalent to a control on the nominal rate of interest.

13



6 Efficiency

Neither of the Welfare Theorems holds in a monetary economy under strictly
positive nominal rates of interest: (a) equilibrium allocations, in general, fail
to be Pareto efficient; (b) Pareto efficient allocations cannot, in general, be
sustained as equilibrium allocations (though they can under suitable redistri-
butions of endowments of commodities). More importantly, one can construct
robust examples of economies exhibiting Pareto-ranked equilibria at given nomi-
nal rates of interest.? The concept of constrained efficiency suitable for monetary
economies is not evident. The next section, which may be seen as a digression,
is devoted to a related duality property.

7 Duality

We carry out a duality analysis using an auxiliary notion of supportability. One
may be interested in such an analysis for two reasons: (a) it allows us to provide
a characterization of equilibria without any explicit reference to prices; (b) it
gives a better understanding of the displacement from Pareto efficiency caused
by liquidity constraints. Throughout, nominal rates of interest are considered
as given and are bounded.

An allocation, (...,z%,...), is feasible if, for every date-event,

fojfZef, <0.
i i

It is said to be supportable (respectively, weakly supportable) if there is no Pareto
dominating (respectively, weakly Pareto dominating) allocation, ( L 2h . ) ,
which satisfies, at every date-event,

e () o) s B () b

Notice that supportability is defined for given nominal rates of interest and
endowments of commodities. The latter seems unavoidable if the notion is to
be suitable for a duality analysis.

Clearly, every supportable feasible allocation is also weakly supportable. The
converse is true as well since preferences are continuous and strictly monotone.

9There are two individuals and two commodities. Let 7 > 0 be given. Individual 1’s
preferences are represented by x1 4 (1+7) ! z1 and endowments are (0,1). Individual 2’s
preferences are represented by (1 +7) 2?2 + 23 and endowments are (1,0). A symmetric
allocation is represented by 0 < § < 1, with consumptions z} = (6,1 — 6) and 2 = (1 — 6,6)..
It is simple to verify that, for every 0 < 6 < 1, :v},,xg is an equilibrium with prices mg =
(1,1). There is actually a continuum of equilibria, for a symmetric distribution of initial
nominal claims, ranking from the no-trade to the symmetric Pareto-efficient allocation. All
of them, but no trade, can be sustained as equilibria with symmetric strictly positive initial
claims.
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Lemma 7.1 A feasible allocation is supportable if and only if it is weakly sup-
portable. Moreover, it is supportable only if, at every date-event,

Sa-Ye -0
i i
‘We now establish a variation on the First Welfare Theorem.

Proposition 7.1 (First “Welfare’ Theorem) Fuvery equilibrium allocation
18 supportable.

We say that present value prices of commodities, m, support a feasible allo-
cation, ( L,axt ) , whenever, for every individual, z* =" x* implies

S (o —at) = X (0w (0 )= (- et)).

g€ES ceS

If an allocation is supported by some present value prices of commodities, con-
sumption plans of individuals are (weakly) optimal at those prices.
We can now present a formulation of the Second Welfare Theorem.

Proposition 7.2 (Second ‘Welfare’ Theorem) FEvery supportable feasible
allocation is supported by some (non-zero) present value prices of commodities.

Supportability can be interpreted as the absence of retrading benefits if trade
were physically costly, as pointed out by Dubey and Geanakoplos (2001).

Proposition 7.3 (Gains to Trade) Let ( L ) be a supportable feasible
allocation. Then there is no Pareto dominating allocation, ( L2 ) , which
satisfies, at every date-event,

Zz;_f_z (11":7?"0) (2L —2l)” < fo,
i ; B

A supportable feasible allocation coincides with a Pareto-efficient no-trade
allocation of an economy with redistributed initial endowments and a costly
trading, or marketing, technology, as in Foley [17]. In such an economy, com-
petitive firms, or intermediaries, produce (net) trades across individuals using
a linear technology, which involves some destruction of resources (in our cases,
such costs corresponds to liquidity costs). It should be clear, however, that
an equilibrium allocation does not, in general, correspond to a Pareto efficient
allocation of an economy where transactions involve real costs, since liquidity
costs have in fact no real counterpart.
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8 Comments

8.1

Our approach generalizes the representative-individual cash-in-advance econ-
omy to a true equilibrium setting with heterogeneous individuals and sequential
trade. It provides a promising alternative to overlapping generations economies
and the self-insurance economy of Bewley [5] for addressing issues of monetary
theory and macroeconomics.

A simple Clower constraint captures the transaction role of money.'® We
show the existence of a competitive equilibrium when a monetary authority sets
nominal rates of interest under the assumption of a sequentially complete asset
market. Further research is to be devoted to the issue of existence under the
control of monetary quantities. Furthermore, asset market incompleteness and
incomplete information are relevant issues to be explored. A major difficulty
emerges, it should be noticed, when one introduces markets for contingent com-
modities, real assets and, in general, any contractual arrangement involving the
delivery of commodities.

8.2

Our Propositions 5.2 and 5.3 point to limited relevance of the fiscal theory
of the price level (Woodford [33, 34] and Cochrane [11]), given that surplus
disposability (that is, public budget surplus can be distributed to individuals
through transfers) is an innocuous assumption.

8.3

In an economy with heterogeneous individuals, the occurrence of sunspot fluc-
tuations need not be related to indeterminacy. Under interest rate pegging,
extrinsic uncertainty might still affect the real allocation of resources at equilib-
rium even though nominal rates of interest are not contingent at all.'* Nominal
rates of interest put bounds on the variability of consumptions across sunspot
states.

References

[1] C.D. Aliprantis and K. Border, Infinite Dimensional Analysis. A Hitch-
hiker’s Guide, Springer-Verlag, New York, 1998.

100Qur analysis could be adapted to more general transaction correspondences, as in Dréze
and Polemarchakis [13], with minor changes.

1 Qur duality analysis points out where the usual argument for the ineffectiveness of
sunspots breaks down: sunspots could be effective at a supportable allocation since averag-
ing, while making all individuals better off by convexity of preferences, would violate adapted
feasibility condition.

16



2]

[10]

[11]

[12]

[15]

[16]

K.J. Arrow,“Le role des valeurs boursieres pour la repartition la meilleure
des risques,” Econométrie, Colloques Internationaux du CNRS, 11, 41-47,
1953. Translated in Review of Economic Studies, 31, 91-96, 1964.

K.J. Arrow and G. Debreu, “The existence of equilibria for a competitive
economy,” Econometrica, 22, 265-290, 1954.

T.F. Bewley, “Existence of equilibria in economies with infinitely many
commodities,” Journal of Economic Theory, 4, 514-540, 1972.

T.F. Bewley, “The optimum quantity of money,” in J. Kareken and N.
Wallace (eds.), Models of Monetary Economics, Federal Reserve Bank of
Minnneapolis, 169-210, 1980.

P.-A. Chiappori and R. Guesnerie, “Rational random walks,” Review of
FEconomic Studies, 60, 837-864, 1993.

R. Clower, “A reconsideration of the microfoundations of monetary theory,”
Western Economic Journal, 6, 1-8, 1967.

G. Debreu, “Une économie de I'incertain,” FEconomie Appliquée, 13, 111-
116, 1960.

G. Debreu, “Economies with a finite set of equilibria,” Econometrica, 38,
387-392, 1970.

G. Bloise, J.H. Dreze and H.M. Polemarchakis, “Monetary equilibria over
a finite horizon,” mimeo, 2000.

J.H. Cochrane, “Long term debt and optimal policy in the fiscal theory of
the price level,” FEconometrica, 69, 69-116, 2001.

J.H. Dreze, “Indeterminateness of equilibria and macroeconomics,” CORE
Discussion Paper, 58, 2001.

J.H. Dréze and H.M. Polemarchakis, “Monetary equilibria,” in G. Debreu,
W. Neuefeind and W. Trockel (eds.), Essays in Honor of W. Hildenbrand,

P. Dubey and J.D. Geanakoplos, “The value of money in a finite horizon
economy: a role for banks, ” in P.S. Dasgupta, D. Gale, O.D. Hart and
E. Maskin (eds.), Fconomic Analysis of Markets and Games: Essays in
Honor of F.H. Hahn, MIT Press, 407-444, 1992.

P. Dubey and J.D. Geanakoplos (2001), “Inside-outside money, gains to
trade and IS-LM,” Cowles Foundation Discussion Paper, 1257R, 2001.

M. Florenzano and P. Gourdel, “Incomplete markets in infinite horizon:
debt constraints versus node prices,” Mathematical Finance, 6, 167-196,
1996.

17



[17]

[18]

[19]

D.K. Foley, “Economic equilibrium with costly marketing,” Journal of Eco-
nomic Theory, 2, 276-291, 1970.

J.D. Geanakoplos and H.M. Polemarchakis, “Overlapping generations,” in
W. Hildenbrand and H. Sonnenschein (eds.), Handbook of Mathematical

J.-M. Grandmont and Y. Younes, “On the role of money and the existence
of a monetary equilibrium,” Review of Economic Studies, 39, 355-372, 1972.

J.-M. Grandmont and Y. Younes, “On the efficiency of a monetary equi-
librium,” Review of Economic Studies, 40, 149-165, 1973.

F.H. Hahn, “On some problems in proving the existence of an equilibrium
in a monetary economy,” in F.H. Hahn and F.P.R. Brechling (eds.), The

A. Herndndez and M.S. Santos, “Competitive equilibria for infinite-horizon
economies with incomplete markets,” Journal of Economic Theory, 71,
102-130, 1996.

K. Huang and J. Werner, “Implementing Arrow-Debreu equilibria by trad-
ing infinitely-lived securities,” mimeo, 2000.

A. Lerner, “Money as a creature of the state,” American Economic Review,
37, 312-317, 1947.

D. Levine and W. Zame, “Debt constraints and equilibrium in infinite hori-
zon economies with incomplete markets,” Journal of Mathematical Eco-
nomics, 26, 103-133, 1996.

R.E. Lucas and N. Stokey, “Money and interest in a cash-in-advance econ-
omy,” Econometrica, 55, 491-513, 1987.

M.J.P. Magill and M. Quinzii, “Real effects of money in general equilib-
rium,” Journal of Mathematical Economics, 21, 301-342, 1992.

M.J.P. Magill and M. Quinzii, “Infinite Horizon Incomplete Markets,”
Econometrica, 62, 853-880, 1994.

T. Nakajima and H.M. Polemarchakis, “Money and prices under uncer-
tainty,” Working Paper, 01-32, Department of Economics, Brown Univer-
sity, 2001.

M.S. Santos and M. Woodford, “Rational asset pricing bubbles,” Econo-
metrica, 19, 1-19, 1997.

T. Sargent and N. Wallace, “Rational expectations, the optimal monetary
instrument and the optimal money supply rule,” Journal of Political Econ-
omy, 83, 241-254, 1975.

18



[32] C. Wilson, “An infinite horizon model with money,” in J.R. Green and
J.A. Scheinkman (eds.), General equilibrium, growth and trade: Essays in
Honor of L. McKenzie, Academic Press, 79-104, 1979.

[33] M. Woodford, “Monetary policy and price level determinacy in a cash-in-
advance economy,” FEconomic Theory, 4, 345-380, 1994.

[34] M. Woodford, “Public debt and the price level,” mimeo, 1998.

Proof of Lemma 4.1
Solvency constrains imply that

Za hi + 71 et — i
T T 1_’_7_7_ Pr T br gT

TES,

takes finite value at every non-initial date-event. The regularity condition on

transfers ensures that
1 . .
Z AgPo * ((1 +7’g> e;LT _gg>

ceS

is finite as well, which, using interiority assumptions, proves the claim.

Proof of Lemma 4.2

Suppose that a plan (xi,mi,wi) satisfies sequential budget, liquidty and sol-
vency constraints, given initial nominal claims. Multiplication of the sequential
budget constraints by a, and summation over S yield

Do,y GoWo + 2 pcst (11?6) Aoy + ) pest GoPo - Tg <
O+ est Gohl + D cgt GoPo - €h — D ocst GoPo - Jo-
The solvency constraint at every date-event, then, implies

. 4 4 . .
> oest <1+r0) AoMg + Y pest GoPo " T — D pest <1+r0> UoPo " €y <

6i + ZG’ES aahff + ZUES (1-1-17'0) GoPo - eliT - ZUES UoPo * gtif'

Since the left-hand side is bounded, the first term is non-decreasing and the
other two terms converge, taking the limit as ¢ — oo implies

> (1 :-U?"cr> Gomy + Y aopy - (v5 =€) S8+ Y ashy = D aopo - gy

ocES gES gES g€S
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Therefore, (mi7mi) satisfy the intertemporal budget constraint and sequential
liquidity constraints.

Conversely, suppose that a plan (xi, mi) satisfies the intertemporal budget
constraint and sequential liquidty constraints and define w*, at all non-initial
date-events, by

aowé - Z <1:-TTT) aTmi_F Z &TpT'(xi —ei_)—i— Z anT'gqi—_ Z arhi—.

TES, TES, TES, TES,

Solvency constraints are satisfied, since liquidity constraints imply that
_ 71}2 1 Let <
Oy TES \ 147, ArPr-€r =
-1 1 i i\~ -1 ) i\ T
07" s, (1 ) e - (2 — 1) a5t Toeg, arpr - (k- k) <

% —1 % —1 7 7
Wy + Ay ZTESU aThT — G4 Zq—esg arPr - 9r-

To see that sequential budget constraints are satisfied as well, observe that, at
every non-initial date-event, the definition of w® implies that

z m;—ka;lZaTw’T—kpg-(:cf,—ef,):wg—kh;—pg-g;.
147,
TET+
At the initial date-event, the intertemporal budget constraint and the definition

of w’ imply that

(1+r¢)mfﬁ>+ > oWy + 1y ( — €g) <8+ —py - gg
ocept

At an optimal plan, the intertemporal budget constraint must hold with
equality since preferences are strictly monotone. Moreover, it is clear that the
liquidity constraint is non-binding only if the nominal rate of interest is zero.

Concerning transversality, a plan satisfies solvency constraints only if

lim inf Z a(,wf7 > 0.
gES,

It, then, suffices to show that a plan is maximal only if

lim sup Z agwg <0.
g€S:

If not, then, for infinitely many dates, n, and some € > 0,
+ Soese (1857) ol + T aopo - (2 — ch) <
'+ 2 oesn aghy — > vesn oPo G-
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From the limit, since all series must converge, it follows that

Z (1 :‘07"0-> ao'mfy + Z QoPo * (iC;. - 62) < 51 + Z aghg. - Zaapa -gé,

ceS g€eS g€S oeS

which violates optimality.

Proof of Propositions 5.1-5.3

Outline

The proof is organized as follows. First, we show that, at equilibrium, present
value prices of commodities can be determined independently of state prices.
Second, we show that there is a multiplicity of state prices compatible with a
given equilibrium allocation provided that transfers are allowed.

Abstract Equilibrium

Let X* be the consumption space of individual i, the positive cone of £o, (Sx
N), and II the space of normalized present value prices of commodities, the
subset of the positive cone of ¢; (S x N) satisfying the normalization ||x|, = 1.
For (m,z) in £1 (S X N) xlo (S XN), m-2 =3 570" T, denotes the duality
operation.

We consider the following abstract notion of equilibrium: it consists of
present value prices of commodities, 7, an allocation, (...,z%,...), an aggre-
gate transfer, (§, and a positive index for the overall price level, u, such that:
(a) market clearing is achieved,

in—Zei:O;

(b) for every individual,

zi>-ixiimplies7r‘(zixi)+< 4 )W'((ziei)(ziei))>o

and
e () e e

To offset the redundancy stemming from the choice of the unit of account, we
add the normalization 7w € II. Notice that, in an abstract equilibrium, p = 0 is
allowed.

Truncation

Suppose that all vector spaces are finite-dimensional, which corresponds to a
truncated economy. We show that an abstract equilibrium exists for some trans-
fer § when individuals possibly hold initial debt positions. Choose any positive

21



1 small enough for nonemptyness of the budget constraint of every individual
evaluated at 3 = —¢§ and at all normalized present value prices of commodities.
Consider the space of all

f=((...,a"..),mpB)e-x X' x-xIIxB=F,

where X* is consumption space of individual ¢, II is the space of normalized
present value prices and B = {3 > —¢} . And the correspondence f — f
defined by: (a) ' is an optimal choice subject to

ﬁ.(xi—ei)—F<lir>ﬁ'(azi—ei)_<M(5i+CiB>—fr'gié

(b) 3 solves

(117«)ﬁ'Z(fi—ei)_+ﬁ-g:M(5+ﬁ);

(¢) 7 maximizes
- Z (i’ - ei) .
i

A fixed point exists and it can be shown to be an abstract equilibrium of the
truncated economy. Therefore, in a truncated economy, an abstract equilibrium
exists for all arbitrarily chosen strictly positive p small enough.

Suppose now that no individual holds an initial debt position. Choose any
positive transfer, 3. Consider the space of all

f=((..,a"..),mp) € x X' x-xIIx M=F,

where X' is consumption space of individual i, II is the space of normalized
present value prices and M = {p > 0}. And the correspondence f — f defined
by: (a) Z* is an optimal choice subject to

ff'(ﬂ«“"—ei)Jr(1ir>ﬁ'($i—ei)_Sﬂ(éiﬂiﬁ)—ff-g";

(b) @ solves

r o i iNT A .
<1+r>w.zi:(m —€') +7g=p0+p);
(c) ™ maximizes
- Z (ﬁ’ — ei) .
A fixed point exists and it can be shown to be an abstract equilibrium of the

truncated economy. Therefore, in a truncated economy, an abstract equilibrium
exists for all arbitrarily chosen positive 3, allowing for p = 0.
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Limit
For a vector, z, in £o (S X N) (£1 (S x N)), let a2t denote its truncation at t.
That is, 2t = z,, if 0 < t, <t, and 2!, = 0, otherwise.

We make now truncation explicit. A ¢-truncated economy is constructed
as follows: preferences on the consumption space, X?, the positive cone of
loo (8§ x N), are recovered using z* =% 2% if and only if 2%t + (ei — eivt) =1
P (ei — ei’t); truncated present value prices of commodities are elements of
I, = {r €Il : 7" = w}, where II contains all positive vectors, 7, in £1 (S x N)
such that ||7|; = 1.

Consider a sequence of abstract equilibria of ¢-truncated economies: allo-
cations are ( comh .)7 present value prices of commodities are 7, trans-
fers are (; and indexes for the overall price level are ;. To simplify, write
ab = ((V + Qiﬁt). Notice that, along the sequence, one controls either for
e or for 3, as made clear by the proof of existence of abstract equilibria in
truncated economies. Furthermore, in every truncated economy,

OL;+<W>7Q‘€Z’/T75'9126>0.

This, indeed, follows from interiority assumptions and boundedness of nominal
rates of interest. We refer to such inequalities as solvency conditions.

Letting
or= (oo (0),..) = (...,(%)m(a),...),

m; and @4 can be viewed as elements of ba (S x N), the norm dual of £, (S x N)
consisting of all finitely additive set functions on & x A" and endowed with the
dual norm ||-||,, (the norm of bounded variation). Let o (ba, /) denote the
weak* topology of ba (S x N). Since

leelly = lletllpe < lImellpe = lImelly =1

and since, by Alaoglu Theorem, the unit sphere in ba (S x N) is o (ba, £ ) com-
pact, without loss of generality, {m;} and {p:} converge to 7w and ¢, respectively,
in the o (ba, £~ ) topology. Moreover, both 7 and ¢, as well as ™ — @, are positive
elements of ba (S x N) and 0 < [|¢|l,, < 7], = 1-

By Tychonov Theorem, without loss of generality, every {:Ei} converges to
2" in the product topology. Since the product and the Mackey topology coincide
on norm-bounded subsets of s (S x N), it follows that every {z}} converges
to ' in the Mackey topology.

As sequences {f;} and {p:} can be assumed to be bounded, without loss of
generality, they converge to 3 and p, respectively. Defining o’ = X (6* + ¢‘f) ,
it follows that every «} converges to o'.

The proof, which is presented in a sequence of steps, uses standard argu-
ments.
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1

Decomposition. Since 7 () is a positive linear functional, it follows from Yosida-
Hewitt Theorem that there is a unique decomposition 7 = 7p+m, (¢ = @r+vs ),
where 77 (¢y) is a positive functional in ¢4 (S x N'), the Mackey-topology dual
of log (8 x N), and m, (pp) is a positive finitely additive measure (a pure charge)
vanishing on all vectors having only a finite number of non-zero components.
2
2ttt implies

7r-gi—|—7r- (zi—ei)+ Zai—&—cp- (zi—ei)_

For a strictly positive real number, A, 2+ \e® =¢ x! for all ¢ large enough, which
implies that

7rt~gi+7rt~(zif(lf)\)ei)+ Zai+cpto(zif(1f)\)ei)7
Taking the limit, one obtains
7r.gi+7r.(zi—(l—)\)ei)+zai—&—np-(zi—(l—)\)ei)_

As lattice operations are continuous in the norm topology and 7 and ¢ are
norm-continuous linear functionals, letting A go to zero, the claim is proven.

3.
2=t xt implies
Tog - (zi—ei)+ >al+ - (20 —e)”
Continuity of preferences implies that A\z* =? z? for some 0 < A < 1. Since
Togi 4 Am (2P =€)+ (m—p) - (AP —el) >
al + (1= N7 e,

and
A—e) +(1=N)e >

(A2t —ef)
one obtains
Tog T (zi—ei)+ >
@ (=) () (o g ) 2
o+ (1 —e) + (1)

where the last inequality follows from solvency conditions.
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4.

m = p =0 and

W'9i+7r~(xi—ei)+:ai+g0'(mi—ei)

By our assumptions of interiority,

et —mpgt =my - e—g'|>n>0.
147

, , 1 . .
gt =1 g ) >pn>0
cemmeTT ((Hr)e g)"

and, using truncations, one can show that

e s (1))

It follows that m, = 0 implies ¢ = 0.

Suppose that 7, > 0, so that, by interiority assumptions, ¢y - €' — m, - g* =
&€ > 0. Since 2%t 4+ Aeb? = 2? for all ¢ large enough and all strictly positive real
numbers, A,

In the limit,

) ) ) t )
Tegh T ((xzfel)Jr) + A ettt >
,/T.gi +- (mi,t + it — ez‘)+ >
al"_@' ($i7t+)\ei’t _ei)_ Z
. . L\ ¢ ) . .
a’—}—ap-((:ﬂ—el) ) —Ap-ett - (e —ebt) .
In the limit, one obtains
mpogi e (ot —el) A (- gp) el 2
ozi—|—<pf~(xi—ei)_+<pb~ei—7rb-gi2

o+ (2t =€) +&

Thus,
ﬂ_f.gi_i_ﬂ_f.(xi_ei)‘FZai_’_(pf.(xi_ei)__i_g.
To prove equality, notice that, for all 0 < s < ¢,

T g ((x; _ ei)+)s <aito- ((I; _ ei)*)s +or (e — e
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Therefore, in the limit,
wpeg e (2 —ei)+ <altep(af—e) +E

Summing over individuals,

ﬂf-gi—l—(ﬂf—gof)-Z(wi—ei)_ >Zai.

7

Observe that, for all 0 < s <'¢,

- g° + (T — ) - (Z (3:1 —ei)> < Zai.

In the limit,

7rf-g+(7rf—g0f)-2(xi—ei)7 §Zai,

i i

a contradiction.

5

Limit is an abstract equilibrium. By pointwise limits, one obtains

_ 1
v 147 ™

thus proving the claim.

Equilibrium

Under conditions stated in section 5, we show that, for given monetary, fiscal
and portfolio policies, when p > 0, abstract equilibria correspond to sequential
equilibria under the following qualifications:

(a) for some transfer policy;
(b) for some positive transfer policy, when 5 > 0;

(¢) without transfer policy, when 8 = 0.

(a)

Along the sequence of abstract equilibria of truncated economies, one can as-
sume that u; = p > 0 for all ¢ and, possibly rescaling present value prices of
commodities, that gy = 1. At every date-event, let

= X () m R+ X

TES, 7 TES,
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which implies

vo= Xt (e S =) e

TEOH+ A

For arbitrarily set state prices, a, consistent with nominal rates of interest, and
a strictly positive real number, p, by induction, define a real valued map on S,
b, as follows: if b, is defined at all date-events, o, in S?, at all date-events, 7, in
St+1 let

a;0 1
aTbT = — aoba - E U, + Ur;
<dea+ %95) (1 +P> ¢

§€oy
at the initial date-event, ¢, set by = 3. It follows that
1
Z arbr = <) Goby
1+p
TET L

and, therefore, that

1 t
Z azb; = ( > agbg,
1+p

TESH ¢

where Sy = {7 =0 :t; —t, =t} and SL. = {7 = 0:0<t, —t, <t}. Setting
transfers so as to satisfy, at every date-event,

hcr = (p> baa
1+p

one verifies that

t
Zresg arh, + (ﬁ) asb, =

ZTES(T aTh ’

which ensures consistency of the construction.
At given state prices, a, prices of commodities are a,p, = 7, and, at every
date-event, balances and assets holdings of individuals are, respectively,

My =po - (5 —€5)

and

. . . . r . )
w;:agl Za_,_ (pT(x;6f7+g;)+<1+TT )m:_h:.),
T

TES,
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At every date-event, thus, summing across individuals, market clearing on assets
markets is given by
s (W + by) = Ug.
By induction, assuming that market clearing holds at all date-events, o, in
St then, at all date-events, 7, in Sy 1,

— [ Pa:®r _ . _ _
arw,; = ( oy %@§> (aawa aoPo * Go (H, )aam0+aoh0) =

(=) (o om0 = (55 o () ) -
4+

(m) (256@ - (ﬁ) a,,b(,) =

Ur — aTbT7

thus proving the claim.

(b)

We first show that, for all small enough p > 0, there is an abstract equilibrium
with associated transfer 3, > 0. Indeed, for every small enough 1 > 0, there
is an abstract equilibrium with associated transfer 3,. Suppose that, letting
w1 vanish, there is a sequence of abstract equilibria with associated transfers
—0 < B, <0. One can show that, possibly using subsequences, the limit is also
an abstract equilibrium with g = 0, which implies

(lir)yr-;(xi—ei)‘+w-g=o.

Since present value prices of commodities are strictly positive in every abstract
equilibrium, one is to assume that fiscal policy is zero, for, otherwise, a contra-
diction would emerge. If monetary policy is strictly positive, however, the limit

allocation, ( L .), does not involve trade, that is, it coincides with the
initial allocation, ( et ) . By the condition on trade at equilibrium, there
exists an allocation, (..., 2%, ...), which Pareto dominates the initial allocation,

(...,€',...), and satisfies

Zi:z“r(lir)zi: 2 —el) <Ze

By strict monotonicity of preferences, one can also assume that, for every indi-
vidual, z* >=* e*. It follows that, for every individual,

T (Z —e'+ (1+7‘) (¢ _ei)_) =

(28 —€') + (1:_T> T (z' —€') >0,
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which, summing over individuals, implies

. (ZZ+(1+>Z<>> S0,

%

a contradiction. Therefore, as p vanishes, associated transfers are strictly posi-
tive.

For given strictly positive portfolio policy (if portfolio policy is not strictly
positive, some minor modifications are required), when taxes are strictly pos-
itive, one modifies the preceding proof so as to take into account positivity of
transfers. If state prices are consistently defined at all date-events, o, in S?,
define state prices at all date-events, 7, in S;41, so as to satisfy,

Uy B a0,
ZEEUJr g Z&Eznr a’fef

This can be done since, by strict positivity of fiscal policy, w is strictly pos-
itive and, by strict positivity of portfolio policy, state prices result uniquely
determined under consistency with nominal rates of interest. It follows that

arbr = a0, (<1>ab>
TVT 2560+a£@§ 1+,0 oo | >

which shows that transfers are positive at all date-events, since 3 can be as-
sumed to be positive. When [ is strictly positive, there are infinitely many
perturbations of these values of state prices which still respect positivity of
transfers.

(c)

When there are no initial nominal debt, one can assume that, in an abstract
equilibrium, 8 = 0. To verify that p > 0, one uses either the fact that taxes are
nonzero or the condition on trade at equilibrium, as done for case (b) above.
Moreover, when taxes are strictly positive, for given portfolio policy, state prices
are, by induction, uniquely determined by conditions

Uy a- 0, c
= . T g4 5
Dteo, U Do, 4O

in addition to consistency with nominal rates of interest.

Proof of Lemma 7.1

Let ( Lzt ) be a weakly supportable feasible allocation and suppose that
there is an allocation (...,z,...) which Pareto dominates (...,z%, ...) and
satisfies adapted feasibility. In particular, assume that z7 =7 z7, so that 6§ =
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(29 — 2’ )+ > 0 by the strict monotonicity of preferences. For a positive small
real number «, define

yj:zj—ocﬂzxi—k(l—a)(zj—xj)Jr—(zj—xj)7ZO

and

. ) _ 1 ;
yl:ZZ—f-OZ(’I’L—l) 1(1—‘,—’[’)0>227

where n is the number of individuals. The number « can be chosen so small as to
satisfy y* =" o*, for all individuals, because preferences are Mackey-continuous
and strictly monotone. Notice that

i i 1 i
zi:y :zi:z —a¢9+a<m)9:2i:z —a<11T>0

and

;(1—7;7“) V=) <Z<1+r> (= =) +O‘<11r>9'

This contradicts the fact that ( L. ) is a supportable feasible allocation.
Concerning the second statement, suppose that ( L. ) is supportable
feasible allocation and
—0=> (z'—¢') <0

i
Define, for each individual, 2! = z'+n~10, where n is the number of individuals,

and notice that, by the strict monotonicity of preferences, z* =% 2’. Summing
over individuals, we have that

;Zi+¥<1ir> (zi—ei)<0+;xi+¥(lir> (z' — '),

which contradicts supportability.

Proof of Proposition 7.1

To obtain a contradiction, assume ( CLxh ) is an equilibrium allocation and
is not weakly supportable. Therefore, there is a weakly Pareto improving allo-

cation, ( L2 ) , which satisfies adapted feasibility. Equilibrium implies

(2 - ) > (L) r (@ =) = (= e))

and, summing over all individuals,

W<Zz+z<1_’;r> A ) P _Z<1+r> (xi—ei)_> > 0.

Since 7 is a positive linear functional, a contradiction is obtained.
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Proof of Proposition 7.2

Because of Lemma 7.1, one can assume that ( L ) is a weakly supportable
allocation. For every individual, define

Fi:{zlq-( r )(zi—ei)_eXi:zieXiandzi>ixi}.
1+7r

Clearly, F?, by the strict monotonicity of preferences, has a nonempty interior
in the norm topology. We then show that every F" is convex.

Consider
i i r i i\~
fe=2+ (1—H‘> (26 —€")

with 2§ =% 2%, and

i i r i i\~
flzl+<1+T>(’Zle) 5
with 2z} =% 2°. For every 0 < A < 1, define fi = (1 —X\) fi+ Af{ and z{ =
fi—r(fi—¢€") ,so that

. r . o . . o .
zﬁ\+(1+r) (zﬁ\fe’) :ngrr(f;\fe’) = f.

Since

fi—r(fi-¢) =
B=Q=Nr(fi—e¢) =M (fi—e) =

o (35) (e (35) ) -

(1= X\)zh+ Azt >0,
it follows that 24 belongs to the consumption space X*. Convexity and mono-
tonicity of preferences then guarantee that z§ =* (1 — X) z{ + Az} =" z’, thus
implying that f is an element of F".
Consider the convex set

F:Z:Fi—zi:xi— (1:T)Z(xi_ei)—

i

and notice that 0 ¢ F| since ( St ) is a weakly supportable feasible allo-
cation. One can then apply the Separating Hyperplane Theorem, which gives
a norm-continuous non-zero linear functional 7 on £y (S x N') such that, for
all fin F, w- f > 0. Since F contains the positive cone, 7 is a positive
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functional. Therefore, Yosida-Hewitt Decomposition Theorem allows one to
write m = m¢ + mp,, where 7y is a norm-continuous positive linear functional on
l (8 X N) admitting a sequence representation (thus, a Mackey-continuous
positive linear functional on £, (S x N')) and m, is a positive purely finitely
additive measure. We show that 7y is non-zero and separates.

Fix any f in F. There is an allocation, ( L ) , weakly Pareto-improving
upon ( LI ) , such that

1= () ¢ T -3 () )

Mackey-continuity of preferences implies that 2! + (e’ — e®*) =% 2, for ¢ large
enough, and, therefore,

S E - () () - () 6

is also an element of F. It follows that
i (- () (=) ) - S (3) @ - ) ) 2
b (Zz (1;) me (2~ ei>_) > 0.

Taking the limit and using the Mackey continuity of 7y, one establishes that
wp- f >0.

Suppose now that 7, = 0. Since, for each t large enough, (mi + ei)t =12t it
follows that

5@t o) + 3 () (- e) = Diat - 8 (1) (@ - ¢) T =
Sty () et =2 () e - X () (0 —e)

is an element of F. Separation, therefore, gives

ozm-<2(1+r) JFZ(I+ ) 7 —ei)>>0,

where the last strict inequality follows from interiority assumptions and bound-
edness of nominal rates of interest. By contradiction, this proves that 7y > 0.

Fix an individual j and suppose that 2z =7 27. Define, for all other individ-
uals, 4, z' = z'. Observe that, for all strictly positive real numbers \,

fr= zj+/\zi:ei+<1:_r> BIER We) el (1) S ey
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is an element of F. As f) converges to fy in the Mackey-topology (lattice opera-
tions are Mackey-continuous) and 7y is a Mackey-continuous linear functional,
one obtains

wpdo=ne (6= 0) 4 () (=) - - e)) 20,

thus establishing the claim.

Proof of Proposition 7.3
Suppose that (...,z%,...) Pareto-dominates (...,z%, ...) and satisfies the in-

equality in the Proposition. Since (2* —e') < (' —2') + (z' —¢') and r
is positive, it follows that

EEDY (1ir) ((—e) —(@i—e) ) < IEEDIY

which contradicts supportability.

33



