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Abstract
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1 Introduction

In this paper we extend the standard general equilibrium model with in-
complete financial markets by introducing fiat money and adding a public
authority. The latter consists of a fiscal and a monetary authority. The
fiscal authority sets a fiscal plan consisting of taxes, nominal transfers and
a debt policy. The monetary authority, or the central bank, creates fiat
money at zero costs and earns seignorage from its monetary policy. The ac-
tions of both authorities are linked by a common public budget constraint.
The transactions technology is supposed to be a simple cash-in-advance con-
straint. If the nominal interest rates are positive, non-interest bearing fiat
money is dominated as a store of value by an interest-bearing nominal bond.
The demand for money comes from its role to facilitate trade by means of
the cash-in-advance constraint within the states of the economy.

As argued in the Fiscal Theory of the Price Level (See, e.g., Woodford
1995), the introduction of a government which has to meet some budget
constraint might add additional restrictions on the set of equilibria. It is
well understood that this possibility depends on whether the fiscal policy
is of the Ricardian or the non-Ricardian type. Following Woodford (2001),
a fiscal policy is called Ricardian if the government budget is satisfied for
every price vector. If the budget is valid only for some prices, it is called
non-Ricardian. In the latter case, the government budget constraint adds
additional restrictions on the equilibrium set.!

We study four important combinations of fiscal and monetary policies
by combining nominal interest rate peg and money supply policy of the
central bank with a Ricardian and a non-Ricardian fiscal policy. For all these
cases, we prove existence of an equilibrium and characterize its determinacy
properties.

If the fiscal authority follows a Ricardian policy, there exist monetary
competitive equilibria under assumptions which are close to the standard
assumptions in GEI with financial assets. As in the standard GEI model
without a central bank and a fiscal authority, the equilibrium in this Ricar-
dian framework is not determinate. More precisely, there exists a monetary

equilibrium under a Ricardian fiscal rule for every fixed positive price level

!The idea that a non-Ricardian policy might lead to a determinate equilibrium first
appeared in Dubey and Geanakoplos (1992). They formally prove the generic local unique-
ness under a particular non-Ricardian fiscal policy.



and for every fixed equivalent martingale measure. This result is true for
both interest rate peg and money supply policy. Under interest rate peg,
we argue that the indeterminacy of the price level is purely nominal but the
indeterminacy of the martingale measure can be expected to be real since
markets are incomplete. Under money supply control, we conjecture that
the indeterminacy of the price level might also be real.

If the fiscal authority follows a non-Ricardian policy, existence of equi-
librium requires more restrictive assumptions as compared to the Ricardian
case. Loosely speaking, the existence of equilibrium requires either high
enough gains to trade or positive tax returns. The intuition is that if the
fiscal authority fixes nominal transfers at some predetermined and positive
level, it must earn seignorage or tax returns to be able to balance its bud-
get. If taxes are zero, then the gains to trade in the economy must be large
enough to induce some positive seigniorage income for the government. To
make this argument precise, we use the measure for the gains to trade in-
troduced by Dubey and Geanakoplos (1992, 2003a).

Importantly, every obvious degree of indeterminacy we found in the Ri-
cardian economy is lost if we assume that the government trades riskless
bonds only. Dubey and Geanakoplos (2006) provide a formal proof for
generic local uniqueness of equilibria under such a fiscal policy. This result
illustrates the role of fiscal policy for the determinacy of the equilibrium.

The main contributions of this paper to the recent literature are the
following. First, we show existence and characterize indeterminacy in a
cash-in-advance economy with incomplete financial market systems and a
Ricardian fiscal policy.?2 Our results extend the previous findings on exis-
tence and indeterminacy in Dréze and Polemarchakis (2000), Bloise, Dréze
and Polemarchakis (2005), Bloise (2006) and Nakajima and Polemarchakis
(2005) under complete markets to incomplete markets. Under a particu-
lar non-Ricardian policy, Dubey and Geanakoplos (2003(b)) prove existence
of general competitive equilibria under both interest rate peg and money
supply control with incomplete markets. They use a strategic market game
approach to derive their results. The second contribution of our paper is
to provide an alternative proof of existence in a non-Ricardian model. Our

method to prove existence adopts more traditional techniques of general

2After completing the first draft of this paper, we learned that Gourdel and Triki
(2005) independently studied a similar economy under interest rate peg. They obtain
results similar to our Theorems 1 and 3. We will comment on this in Sections 3.3 and 4.3.



equilibrium analysis, and does not rely on a market game analysis.

The paper is organized as follows. In Section 2, we describe the monetary
economy including the government and define the general equilibrium. In
Section 3, we present our main results for a Ricardian economy, including
both interest rate peg and money supply policy. In Section 4, we provide a
parallel result for a non-Ricardian economy. In Section 5 we conclude the

paper and give the proofs of all results in the Appendix.

2 The model

2.1 The economy

We study an exchange economy which extends over two dates, the present
time t = 0 and the future ¢t = 1. The present is known with certainty,
but at date 1 there are S possible states of nature which we index with
s€ S ={1,...,5}. Including the present, there are S + 1 states of nature
lying in the set S* := {0, 1, ..., S}. At every s € S* there are L consumption
goods which are indexed with { = 1,..., L and traded at spot prices ps;. We

denote a consumption plan at state s € S* with x5 = (241,...,2s1) € RE,
an overall consumption plan with z = (zg,...,%s,...,2g) € R(EH)L, a
price vector at state s € S* with ps = (ps1,...,ps1) € Ri and an overall
price vector with p = (pg,...,Ds,...,Ps) € ]RSLSH)L. All commodities are
perishable.

In ¢t = 0, there are asset markets for J < S financial contracts indexed
with j = 1,...,J. Each asset is a promise to deliver Vi e R, units of
money in every state s € S and is traded at price g; in period zero. The
first asset is assumed to be a nominal riskless government bond. There is
no default and each risky financial asset is in zero net supply. Denote the
S x J-matrix of returns with V', the S x (J — 1)-matrix of the returns of
the risky assets with A, the 1 x J-vector of asset prices with gy and the
1 x (J — 1) -vector of asset prices excluding the price of the bond with g.
The price of the one period nominal bond between t = 0 and ¢ = 1 is ﬁ,
where r( is the nominal interest rate between ¢t = 0 and ¢ = 1.

We will assume that, within every node s € 5%, the asset markets open
before the commodity markets and on the commodity markets, a household
receives the revenues from selling endowments at the end of the respective

node. Therefore, in every state s € S in t = 1, a nominal riskfree bond can



again be traded to allow agents to borrow against their income which they
receive at the end of this period. However, there is no uncertainty involved
at this stage, i.e. each state s € S has only one successor state and this state
serves for accounting purposes only. The date of these successor states is
called accounting period. The price of a bond traded in state s € S is ﬁ,
where 7, is the nominal interest rate between state s € S and the accounting
period.

In addition, there is fiat money which can also be held as a store of value
between t = 0 and ¢ = 1 and between ¢ = 1 and the accounting period. We
impose the following general assumption on the structure of the financial
assets:

Assumption 1 rank (V) = J < S. There exists a riskfree asset at each
s e S*.

2.2 The households

The economy is populated by a finite set I := {1,...,I} of households. At
t = 0, the asset markets open first. On this market, the household trades
money nf) € R, riskfree government bonds bf) € R and a portfolio of risky
assets # € R/~1. In addition, household i receives a (lump-sum) transfer
§'Hy from the government, where Hy € R, is the aggregate transfer from
which every household i gets a share §° € Ry, . Therefore, household i faces

the constraint

bg . . ,
0Lt = §H 1
1+ o +4q + Ny 0 ( )
where 7 jro is the price of the nominal bond. In the goods markets, which

open next, household ¢ is subject to the following cash-in-advance con-
straint:>
po - (af — ep) ™ < np. (2)
The money at the end of t = 0, m}, is
my = (nh—po- (x5 —ep)™) +po- (a5 — €)™ (3)
= né—po‘xé—i—po-eé.

Combining (1) and (3), we get

. be , . . .
Po - xH + 0 +q-0"+my=358Hy+ po- €. (4)
14+rg
3We use the usual definition of the negative and the positive part of a vector: z7 :=
(...,max{x;,0},...) and #~ := (..., max{—x;,0},...) so that x =2 — 2~



Equation (4) is the familiar flow budget constraint, which says that the total
expenditure within one period cannot exceed the total wealth.

From (2) and (3), we get an equivalent formulation of the cash-in-advance
constraint as

my > po - (v — €) - (5)
We will use this formulation for the transactions technology because it turns
out to be more convenient.

Household i € I pays a tax 7¢ in state s € S*. The tax is specified as the
market value of a vector of commodities, 7¢ € Ri, i.e. its budgetary impact
is ps - 7.. The payment of these taxes occurs at the end of state s € S* in
question.

Denoting household #'s quantity of a bond traded at the beginning of
state s € S in t = 1 with b% and the transfer to household i in state s € S
with 6°H,. The flow budget constraint then reads

i

ps-xi—i—ﬁ—km; =by+As-0"+moy+0"Hsg+ps-€,—po-15, Vs €S. (6)
S

The cash-in-advance constraint is

mi > ps-(zh —e€l)”, Vs e S, (7)

s

In the accounting period following ¢ = 1, the only economic activity
is the payment of the debt and of the income tax in state s € S, ps - 7.

Therefore, the terminal condition is
0<bl+ml—ps-7i, VseS. (8)

In the optimal choice, this condition will hold as an equality.
For each i € I, define e := (e%)scs+, 70 i= (7)) 5e5+, m' := (ml)ses+ and
bt := (b')ses+. The budget set of every household i is the set 4

Bi(p,q,r, H) ::{ (af,mi, b, 07) € REETVEX RS+ RS+HIXRI 1|
(4) — (8) hold}.

Every household ¢ € I gets utility from consuming in every node
s € S* according to a function v’ : RfH)L — R. We make the follow-

ing assumptions on the household sector:

4To save the notation, we suppress the parameters in the notation. The budget set
should always be understood as B* (p,q,r, H) := B* (p7 q,r,H;e', 71,51),



Assumption 2 For each consumer i, the utility function u® is continuous,
quasi-concave and strictly increasing.

Assumption 3 Fvery household has some endowments after tax in every

state, i.e., Vi € I, (eé - T;) > 0 for every s € S*. Household one has strictly

positive endowments after tax at every node, i.e. (el — 7'1) > 0. Aggregate

endowments are bounded, i.e. ), (ei — Ti) < +00.5

2.3 The government

At each state s € S§*, the government taxes the household and distributes
transfers. We denote the total commodity tax by 7 := (7s),cg- € RSFSH)L,
where 75 = ZZ'I:1 7¢. The total lump-sum transfer is the vector H :=
(Hs)geg- € ]Ri“. For simplicity, we assume throughout the paper that the
transfer is distributed according to the shares (6*)icr, >, 0" = 1.

The government trades riskfree bonds B = (Bs),.g. and supplies bal-
ances M = (M) g+ If B > 0 then the government sells bonds and hence
the term represents new indebtedness against the private sector. If B < 0,

it means the loan to the private sector.

Assumption 4 The government only trades riskless bonds.

This assumption can be justified by an appeal to realism. It has con-
sequences for the determinacy of equilibria. We will comment on this in
Section 4.3.

It follows that the government budget constraint is

By
My = H, 9
1+7’0+ 0 0 (9)
in period zero and
* 4+ Mg+po-79=DBo+ My+H,, Vs S (10)

147

in period one.
In general, the fiscal policy consists of a plan for taxes, transfers and bond

market actions.® However, in this paper we keep the taxes fixed and restrict

5A vector z € R satisfies > 0 if and only if #; > 0, Vi = 1,...,n, and if there is a j
such that x; > 0. Accordingly, z > 0 if and only if ; > 0,Vi=1,...,n and > 0 if and
onlyifxz; >0,Vi=1,...,n.

SWe emphasize that taxes are only included to make the model more general. Not a
single argument, neither related to the existence of a monetary equilibrium nor related to
the (in)determinacy, depends on strictly positive taxes.



attention to different transfer policies in combination with bond market
actions. Subject to this restriction we will study four different combinations
of fiscal and monetary policy of the government: the central bank might peg
the interest rate or fix the money supply, while the fiscal authority might
determine transfers endogenously or fix them exogenously.

We restrict attention to the following structure. In the case of endoge-
nous transfers, the fiscal authority redistributes the seigniorage income and
the tax returns at each state of the economy. The government bonds adjust
accordingly to satisfy the constraints of the government. Bloise and Pole-
marchakis (2006) call such a policy a balanced transfer rule. We adopt their
terminology and say that the fiscal policy follows a balanced transfer rule if

it satisfies the following definition:

Definition 1 The balanced transfer fiscal policy determines the vector (H, B)
by the functions H (p, M,r) and B (p, M, r), where

Ts Ps - Ts *
H; (p, M, = M. , Vs € 8%,
s (p, M) [ P
B (p,M,T) = psTs — Mg, Vs € S*.

The balanced transfer rule says that the government distributes its revenue
in every state of the world. Hence the government needs to know the value
of its seigniorage and the market value of its tax returns at the time when
the transfers are distributed, i.e. in the first subperiod within a state since
the transfers occur in the asset markets.”

This fiscal policy satisfies the inequality
Bs+ Mg —ps-75 20, Vs €5, (11)

which is an admissibility condition for every equilibrium. Indeed, at the end
of each state s € S, the outstanding money supply M; must be sufficient
to enable the private sector to pay its taxes and debt service obligations (if

Bs < 0) to the government (if By > 0, to pay the excess of taxes over the

"Since commodity prices are determined on commodity markets which, however, meet
when the asset markets are already closed, the specification of such a policy involves
an informational problem. Perhaps the most consistent interpretation is, first, that the
asset and the commodity markets in fact meet at the same time but at different places
and, second, that the possible money flow is restricted to the direction from the asset
to the commodity markets. The first point implies that the government can observe the
commodity prices for determining its policy, hence resolving the informational problem.
The second point implies that the households can use their asset market funds in the
commodity markets, as required.



government’s debt service). Obviously, the balanced transfer fiscal policy

not only satisfies (11), but it even satisfies
Bs+ Mg —ps-17s=0, Vs € 8S. (12)

A little reflection shows that without this equation, there would be no equi-
librium. In fact, because preferences are monotone, households choose their
plans so that there is no slack in (8). In any equilibrium, one therefore has
Sier (Vi +ml —ps-7l) =0 for all s € S. Since market clearing requires
Sierbh = B and Y, ., m’ = M, one gets (12). A fiscal policy which fails
to provide for the possibility for (12) holding as an equation would not be
compatible with equilibrium.

A fiscal policy which fixes transfers in every state of the world exoge-

nously will be called fixed transfer fiscal policy. Formally,

Definition 2 The fized transfer fiscal policy determines the vector (H, B)
by the functions H (p, M,r) and B (p, M, r), where

Hs(p,M,r) := H, Vs € S* where Hy>0,H, >0,Vs € S,
BO(paMaT) = (1+T0) (HO_MO),
Bs(p, M,r) == (14 7rs)(Bo+ Mo+ Hs — Mg —po-19), Vs €S.

Importantly, notice that under this policy the equation (12) does not hold
for some price and interest rate vector.

An alternative approach would postulate (12) directly as part of the
government’s budget constraint. This would be appropriate if money was
a kind of debt of the government so that, in fact, the government is under
the legal obligation to withdraw the money that is issued from the system.
For ”outside” money, which involves no obligation, this reasoning does not
apply.®

Following Woodford (2001), a fiscal policy is said to be Ricardian if it
satisfies the government budget for every vector of prices and interest rates.
It is said to be non-Ricardian if the budget is violated for some vector of
prices and interest rates. If (12) is in fact a part of the government’s budget
constraint, then it becomes clear that the balanced transfer rule is Ricardian,

where the fixed transfer rule is non-Ricardian. In the following, we use these

8Note that, with outside money, the government also has to meet a budget constraint
in the terminal node: the government debt in the form of bonds must not be larger than
the tax returns, i.e. Bs — ps - 7s < 0. However, this condition will never be a binding
restriction in our model. This is why we do not mention it explicitly in the text.



expressions even though we do not interpret (12) as part of the government’s

budget constraint but as a necessary condition for every equilibrium.

2.4 Competitive equilibria

The market clearing condition is specified in the usual way as

I I
Zei:Zajé, Vs € 57, (13)
=1 =1
I .
M, =) "mi, VseS, (14)
=1
I .
By=> b, VseS*, (15)
=1
I .
0=> 0, VseS, (16)
=1

where the equation (13), (14), (15), and (16) are commodity, money and
asset market clearing conditions, respectively. We write the bond and risky
asset separately since we want to emphasize the difference of the market
supply in two cases.

The primitives of the economy can be summarized by the vector
E = {(u’, ei, Ti, (Si)iej7 V} .

Definition 3 An equilibrium for the economy £ is a tuple

{(f)’ q, ?) ) (Ei7mi7y7§z)i€l7 (Mv §7 F)}
such that
(1) (fi,mi,gi,gi) maximizes u’(z%) subject to (z*, m',b",0") € B (p,q,7, H).

(2) The actions of the monetary-fiscal authority (M, B, H) satisfy (9), (10)
and (12).

(3) In every state, markets clear, i.e. (13)-(16) hold.

An equilibrium is said to be monetary if py; < 400,V s € S*,l € L.

In the proofs of the theorems given in the following sections, we use
another equilibrium concept which is more tractable for our purposes. It is

well known that agent ¢’s maximization problem has a solution only if there

10



is no arbitrage possibility on the financial markets. Using the results from
Harrison and Kreps (1979), this implies the existence of a strictly positive
probability measure u = {ps}ses such that gy = ﬁv. w is called the

equivalent martingale measure.

T1

> 14 T
( T ) and - = ( 1 ) . Combine (8) and (6) to get, Vs € S,
ses ses

Denote an S-dimensional vector (v1,...,vs) by v1. In addition

14rs 1471 14rs

ps'Tsi_’_ Ts
1+7ry 147

ps -+ mh = b+ Ag- 0" +mb+ 6 Hy +ps-e’ —po-18. (17)

Substitute the no-arbitrage condition gy = (ﬁ,qz,...,qj) = ﬁV

o (LA, ,Ay_1)" into (4) and plug in (17) for each s € S to get

. 0 . . 1 . .

i Té H i i 1 i
. — | H O — O 18
+po <eo 1 —1—7“0)+ 1+ 1o ( 1+ (6’1 1+ T1>>, (18)

where mOn := (ms - ng) seg+- The left hand side is the expenditure in terms

of its date—0 value, while the right hand side is the discounted nominal

wealth. For household 1, define the complete markets budget set
B' (p,p,r, H) = {(xl,ml) e RETVE S RS (5), (7), (18) hold. }

From the no-arbitrage conditions, the budget sets of agents ¢ > 2 can also be
expressed as depending on p instead of ¢q. Following Cass (1984) and Duffie
and Shafer (1985), in Definition 4 we define a concept of effective monetary

equilibrium.
Definition 4 An effective equilibrium for the economy £ is a tuple
{(177 ﬁu ?) ) (Tla mi7 BZ’; yi)i617 (M7 E? F) }

such that
C'y ,@i) maximizes u’(z’) subject to (z%,m’, b, 6"
,7,H). For i = 1, (z',m') maximizes u'(z') such that
B (p. i, ), and (5,7') = (B- £, 7, - $L,7).
(2) The actions of the monetary-fiscal authority (M, B, F) satisfy(9), (10)

and (12).

9We use the notation 1:= (..., 1,...).

11



(3) In every state, commodity and money markets clear, i.e. (13)-(14) hold.

An effective equilibrium is said to be monetary if p,; < 400,V s € S*,l € L.

From Definitions 3 and 4, we can immediately see two differences. First,
in the effective equilibrium, household 1 is only restricted by the intertempo-
ral budget constraint and the cash-in-advance constraint. Second, household
1 does not choose (51,§1> directly. Instead he chooses a bond demand to
clear the bond markets and a demand for the risky assets to clear these asset
markets.

It is immediate that every effective equilibrium corresponds to an equi-
librium as defined in Definition 3. Indeed, it is easy to see that the no-
arbitrage conditions determine g given & and 7. To show that a tuple
{(ﬁ, I, F), (T,W,y,gi)iel, (M, B, F)} as defined in the effective mon-
etary equilibrium corresponds to a monetary equilibrium, we first need to
check that the household 1 satisfies the budget equations (4) - (8) and sec-
ond that his choice is still optimal in the sequential constraint. The first
property follows directly from Walras law.!® To see that household one still
maximizes his utility, just notice that the sequential constraint is a subset of
the intertemporal one. Hence, the old consumption vector must be optimal
since it is still feasible under the sequential constraint and it was already op-
timal in the larger intertemporal constraint. These arguments are standard

and not made explicit here.

3 Monetary equilibria with balanced transfers

3.1 Interest rate peg

If the central bank pegs the nominal interest rate, then the vector r :=
{rs}scs+ is fixed at a target value 7. To sustain 7 in the market, the central
bank accommodates money demand. We impose the following assumption

on monetary policy:

Assumption 5 Interest rates are nonnegative and bounded above, 0 < Ty <
400, Vs € §%*, and the government accommodates money demand, i.e. Mg =
>, my for each s € S*.

A monetary equilibrium with interest rate peg and balanced transfers

can now be defined as follows:

10%We leave it an exercise to the reader to check these equations.

12



Definition 5 A monetary equilibrium with interest rate peg and balanced
transfers is a monetary equilibrium according to Definition 3 with exoge-
nously fixed r satisfying Assumption 5 and a fiscal policy rule according to
Definition 1.

In the following theorem, we show that for every fixed price level and for
every fixed martingale measure, there exists a monetary equilibrium which

implements the interest rate target of the central bank.

Theorem 1 Suppose Assumptions 1 - 5 hold. Fiz 0 <€ < 400 and > 0,
then for every 0 < T < +o00 there exists a monetary equilibrium with interest

rate peg and balanced transfers {(ﬁ, q,7), (Ei,mi,gi,éi)iej, (H, B, ﬁ)} such
that € =3 Do + 2 iep, ses HsPst and q = 1f;O A.

3.2 Money supply control

Under money supply control, the central bank fixes the money supply pro-

cess M := (Mj)es+ at a target value M. If this is the case, we impose

Assumption 6 Under money supply policy, 0 < My < +o0, Vs € S*.

Combining the balanced transfer policy with money supply control sug-

gests the following definition:

Definition 6 A monetary equilibrium with money supply control and bal-
anced transfers is a monetary equilibrium according to Definition 3 with
exogenously fixed M satisfying Assumption 6 and a fiscal policy rule ac-
cording to Definition 1.

In the next theorem we show that for every fixed price level and for
every fixed martingale measure, there exists a monetary equilibrium which
implements a money supply target M of the central bank. So the result

parallels the result from the previous theorem under interest rate peg policy.

Theorem 2 Suppose Assumptions 1 - 4 and 6 hold. Fix 0 < ¢ < +o0o and
> 0, then for every 0 < M < +oo there exists a monetary equilibrium

with money supply control and balanced transfers { @,q,7), (@, m, 0,0 )er,

(M,B,H) } such that © =3, Do+ D jcp ses BsPs and = 15% A.

13



3.3 Interpretation and literature

We provide some intuition for the existence and the indeterminacy results
in Theorems 1 and 2. To prove existence of an equilibrium we use similar
assumptions as in the GEI-model with nominal assets. The balanced trans-
fer rule implies that (12) is true both in and out of equilibrium. Hence this
condition is an identity which does not add additional restrictions as com-
pared to the standard GEI. Note that our equilibrium could be a no-trade
equilibrium in which there is no seigniorage income for the central bank. In
this case, the government just redistributes potential tax returns among the
households according to their shares (§%);c;.

The intuition concerning indeterminacy can be given by counting equa-
tions and variables. The macro variables to be determined in the effec-
tive equilibrium are the L(S + 1) commodity spot prices, the S — 1 dimen-
sional equivalent martingale measure and the S+ 1 interest rates. There are
L(S + 1) equilibrium restrictions coming from commodity market clearing
and S 4+ 1 money market clearing equations. Under interest rate peg, the
latter S + 1 equations are identities and the (S + 1) interest rates are fixed
exogenously, hence both the equations and the variables cannot be counted.
Finally, there is a single Walras law at work. To see this, note that in every
effective equilibrium, (9), (10) and (12) hold. From this, it is not hard to

see that, in every effective equilibrium,

"0 Po " To 7 1 1
M, . OMis + — O(p 0] 19
1417 0+1+7«0 1+ (1—1—7“1 1+1—|—7"1 (P1 71)>( )
= H - Hj.
0+1+7’0 1

From this equation and the fact that household one only faces the intertem-
poral budget constraint, we easily infer that one Walras Law is at work.
In total, there are S more variables than independent equations, so S is
the degree of total indeterminacy under both interest rate peg and money

supply control.!!

" The same intuition can be given for the original economy. Under interest rate peg, the
macro variables to be determined are the commodity prices and the asset prices, which
isa L(S + 1) + (J — 1)-dimensional vector. We have L(S + 1) + (J — 1) market clearing
equations for the commodity and the asset markets and (S + 1) market clearing equations
for the bond markets. Including the government budget constraint at every node s € S™,
it follows that there are S+ 1 Walras laws. The balanced transfer rule implies that (12) is
always true. From this, we infer another S degrees of redundancies. Hence, in total there
are S more variables than equations, which suggests an overall indeterminacy of degree S.
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Under interest rate peg, among the S dimensions of indeterminacy there
is (at least) one degree of homogeneity involved. Indeed, if agents react to
a doubling of the commodity prices by doubling their portfolios and money
demand, the transfers and money supply will also double by the balanced
transfer rule and money supply adjustment. Hence the allocation is unaf-
fected. In this case, it seems reasonable to conjecture that the remaining
S — 1 degrees of indeterminacy which are captured by the measure are real.
An argument which supports this conjecture is given in Nakajima and Pole-
marchakis (2001).

However, the degree of homogeneity is lost in the case of money supply
control. Scaling the overall price level cannot be compensated by scaling
money demand accordingly since equilibrium money supply is fixed. Hence
the indeterminacy captured by the price level might be real. Similarly, a
changing price level might change the endogenous transfers which could
also imply real effects. Finally, as in the case of interest rate peg, the in-
determinacy captured by the measure might also be real because a similar
argument as under interest rate peg could apply under money supply control.
We conclude this short discussion about real indeterminacy by conjecturing
that the real indeterminacy of Ricardian equilibria with incomplete markets,
financial assets paying in money and cash-in-advance constraints might be
different under money supply control from the real indeterminacy with in-
complete markets and nominal assets.!> We emphasize that this is only a
conjecture which is worth to be considered formally in a separate paper.

The recent literature on Ricardian economies can be summarized as fol-
lows. Dréze and Polemarchakis (2000) and Bloise, Dréze and Polemarchakis
(2005) prove existence and indeterminacy under interest rate peg with com-
plete asset markets under a finite and an infinite horizon, respectively. Bloise
(2006) shows similar results under an infinite horizon with money supply
policy. We extend this recent literature on Ricardian economies by proving
existence and indeterminacy under both interest rate peg and money supply
policy with incomplete markets and a finite time horizon.

Notice that our results do not rely on the number of assets. Hence, the

same intuition as given above applies for the case of complete markets. This

Under money supply control, there are S + 1 more variables and equations which clearly
leaves the conclusion unaffected.

12The degree of real indeterminacy of the latter economy was studied by Geanakoplos
and Mas-Colell (1989) and Balasko and Cass (1989).
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is why Bloise, Dréze and Polemarchakis (2005) and Dréze and Polemarchakis
(2000) get basically the same results in terms of indeterminacy.

Under interest rate peg policy, Gourdel and Triki (2005) independently
studied a closely related economy. They obtained a result similar to our The-
orem 1. Within the interest rate peg policy, there are two major differences
between Gourdel and Triki (2005) and our model. First, in our model the
asset markets open before the commodity markets, as in Woodford (1994)
and Bloise, Dréze and Polemarchakis (2005). In Gourdel and Triki (2005),
the bond market opens before the commodity market, but the latter opens
before the markets for the risky assets. Second, we use different techniques
to prove our results. In our proof we use a trick introduced by Cass (1984),
while they use the method similar to Werner (1985). Our method leads us
to characterize the indeterminacy in terms of the total price level and the
equivalent martingale measure, while they use the price level within each

state as the indeterminate variables.

4 Monetary equilibria with fixed transfers

In every equilibrium with fixed transfer, (12) must be true. Plug (12) as a

function of Bs and (9) as a function of By into equation (10) to get

Ts Ds - Ts
— M. M,
Lo, e hrodot e

+po-10=(1+r) Ho+ Hy, Vs€ 5. (20)

This equation is a necessary condition for an equilibrium under fixed trans-
fers. Notice that it can only be satisfied if either taxes or seigniorage are
strictly positive. Under zero taxes, the gains to trade in the economy must
hence be large enough to induce some positive seigniorage income for the
government.

In the proof of the next two Theorems we will impose a gains to trade
hypothesis which goes back to Dubey and Geanakoplos (1992, 2003(a),
2003(b)). Define the function (s : R* x R, — R by

= (sl if Csl <0
C‘S(Csufy} = Col .
iy otherwise.
A feasible allocation (z_s, €s) := (20,71, ..., T5)|z,—e, 18 said to be y-Pareto

optimal in state s € S at ey if there does not exist a trade vector ¢, € R'% in
state s such that >, ¢! =0 and, Vi € I, e’ 4+ ¢! > 0 and u’(x{, 2%,... el +
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Cs( L)y al) > ul(zh, 2, ek, ..., 2l with at least one i € I where
the strict inequality holds. If (z_s, e5) is y-Pareto optimal in state s € S at
es, then we equivalently say that there are no gains to v-diminished trade in
s € S at (r_s,es). Accordingly, the gains to trade at (x_g,es) are defined
by

~vs(z_s, es) := min{~ | there are no gains to y-diminished trade in s € S}.

4.1 Interest rate peg

In the fixed transfer case, we assume that the interest rates are strictly

positive.

Assumption 7 Interest rates are strictly positive and bounded above, 0 <
Ts < 400, Vs € §*. The government accommodates money demand, i.e.
M, =5, m} for each s € S*.

Combining an interest rate peg policy of the central bank with the fixed

transfer fiscal policy suggests the following definition:

Definition 7 A monetary equilibrium with interest rate peg and fixed trans-
fers is a monetary equilibrium according to Definition 3 with exogenously
fixed interest rates according to Assumption 7 and a fiscal policy rule ac-
cording to Definition 2.

To rule out an exploding commodity price path, we need to impose either
a strictly positive taxation or a gains to trade hypothesis. The following
assumption says that if the tax in some state s € S is zero, then the gains to
trade in this state exceed the interest rate. Intuitively, the friction caused
by the transactions technology still allows for Pareto-improvements at the

initial endowment allocation in the state s € S.

Assumption 8 For every s € S, either 74 > 0, or vs(x_s,e5) > Ty for all
feasible (x_s,es).

The following theorem states that every interest rate target of the central
bank can be embedded in an equilibrium with fixed transfers. Note that we

do not claim any indeterminacy result here.

Theorem 3 Suppose that Assumptions 1 - 4, 7 and 8 hold. For every
0 <7 < +oo there exists a monetary equilibrium with interest rate peg and

fized transfers {(f?, q,7), (f",W,y,gz)ieb (M, B, F)}
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4.2 Money supply control
The definition of equilibrium is straightforward:

Definition 8 A monetary Equilibrium with money supply control and fixed
transfers is a monetary equilibrium according to Definition 3 with exoge-
nously fixed money supply satisfying Assumption 6 and a fiscal policy rule
according to Definition 2.

For the same reason as in the interest rate peg, we also need to impose

a Gains-to-Trade hypothesis for money supply policy.

Assumption 9 For every s € S, either 74 > 0, or, for every feasible
(j_s,ei), vs(x_s,€5) > %ﬁsﬁs together with My > Hqo and Mg >
Ho+ H,.

The last theorem states the parallel result of Theorem 3 for the case of

money supply control of the central bank.

Theorem 4 Suppose Assumptions 1 - 4, 6 and 9 hold. For every 0 <

M < 400, there exists a monetary equilibrium with money supply control
=i i

and fized transfers {(ﬁ, q,7), (@, M, b ,0 )icr, (M7 B, F)}

4.3 Interpretation and literature

An intuition for Theorems 3 and 4 can again be given by counting equa-
tions and unknowns. As argued in Section 3.3 for the Ricardian economy,
we have one Walras law in every effective equilibrium. However, (12) repre-
sents another S equilibrium restrictions in the fixed transfer case. In total,
commodity prices plus the interest rates plus the martingale measure consti-
tute L(S+1)+(S+1)+ (S —1) variables which have to be determined. The
commodity and money market clearing conditions plus the S restrictions
from (12) minus the single Walras law add up to L(S+ 1)+ (S+1)+S—1
equilibrium restrictions. Under interest rate peg, both the money market
clearing equations and the interest rates can not be counted. Hence, under
interest rate peg and under money supply control, the number of unknowns
and restrictions coincides. This is the intuition for why we do not find some

degree of indeterminacy here.'3

13The same logic as in Footnote 9 can be applied for the intuition in the original economy.
The difference to the argument given in Footnote 9 is that the fixed transfer policy does
not imply another S degrees of redundancies in the terminal nodes. Hence, the number
of equations now coincides with the number of unknowns.
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This conclusion follows from the assumption that the government only
trades riskfree bonds and the fact that the transfers are fixed. Intuitively, the
fixed transfers always impose some restrictions, only the number of restric-
tions depends on the set of assets the government trades. Our assumption
that it only trades riskfree assets implies that it enters period one with state
independent debt. To allow for budget balance, taxes and seigniorage must
also be independent of the state. Since there are S states, this provides the
intuition why there are S additional restrictions. Now suppose there is a full
set of Arrow securities and that the government trades every such security.
Then there is only one additional restriction compared to the Ricardian case.
Indeed, in this case the only restriction is given directly by (19) because of
the exogenous transfers (see Bloise, Dréze and Polemarchakis (2005)).

The main contributions to the theoretical literature'* in economies with
non-Ricardian fiscal policies and an active monetary policy are Dubey and
Geanakoplos (1992, 2003a, 2003b, 2006). Dubey and Geanakoplos (1992,
2003a) consider a one period model with a cash-in-advance constraint, inside
and outside money. Dubey and Geanakoplos (2003b) extend this model
to a stochastic economy with incomplete asset markets and a mixed asset
structure. In all papers, they show, among several other results, existence
of the equilibrium. They do so by using a strategic market game approach.
Dubey and Geanakoplos (2006) formally prove generic local uniqueness in
the stochastic economy with incomplete asset markets and nominal assets.

We study a similar economy as Dubey and Geanakoplos (2003b, 2006),
but to prove existence we basically follow the ideas in Bloise, Dréze and
Polemarchakis (2005) by introducing a price determination mechanism in
the fixed point mapping for every price object. This allows us to estab-
lish a unified framework to prove existence of equilibrium in all four cases
we consider. In addition, by embedding each equilibrium object into the
fixed point mapping, we provide a clear intuition for the mechanism which
determines the equilibrium.

Gourdel and Triki (2005) provide a result similar to our Theorem 3 under
interest rate peg policy. In addition to the differences mentioned in Section
3.3, there is one more major distinction in this case. While Gourdel and Triki
(2005) need strictly positive taxes to establish the existence of a monetary

equilibrium, our result also allows for the possibility of zero taxes provided

14 As opposed to the quite huge macroeconomic literature on the Fiscal Theory of the
Price Level.
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that the economy has sufficiently high gains to trade.

5 Concluding remarks

To conclude the paper, we discuss some directions of future research. First,
a different timing of transactions can be considered. One possibility is to use
the cash-in-advance constraint as introduced by Svensson (1985), where the
commodity markets open before the asset markets. This could be a suitable
framework to study both the transaction and precautionary demand for
money. However, different from our two-period model, the new timing needs
an infinite horizon to support money’s value. Second, it would be interesting
to introduce a Baumol-Tobin structure in which households voluntarily hold
money as a store of value even though other interest bearing bonds coexist.
Both existence and determinacy in the Baumol-Tobin economy are open and
difficult questions. Doing so probably requires more than two periods to
enrich the potential transaction patterns. In particular, an infinite horizon
model would be of interest. Finally, the model presented here delivers a
unified framework for monetary and fiscal policy within a GEIl-economy.
Therefore, it would be of interest to study the general equilibrium effects of
changing monetary policy parameters. Under incomplete financial market
the effect can be expected to be real, an important feature for policy analysis.
Such an analysis would contribute to the old but fundamental debate about

the neutrality of money.

6 Appendix

In this appendix we give the proof for the theorems in the main text. The
proofs are organized as follows. First, we define an abstract economy. Sec-
ond, we show the properties of the household and aggregate demand. Then

we prove the results under different monetary-fiscal policy combinations.

6.1 An abstract economy

Define the inverse price level as ¢ := and the new prices

1
ZpoH‘Zses,l HsPsl
by ms := cuspg for all s € .S and gy := ¢pg;. By construction « lies in the

unit simplex

A={nr GR(+S+1)L‘ d wa=1
s,l
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Multiply (4) with ¢ and use the no-arbitrage equation ¢ = ﬁ (n-A)

to get

mo-wh+ o (B AF) b =+ moeh (21

1+ To
where 56 = cb%), g = cd, 7”716 = cm%) and j:lo := cHy. The cash-in-advance
constraint in ¢ = 0 is

my > mo - (zh —ef) . (22)

Multiply (6) by cu to get
- . - ~ . . o
-l i = (B + A0 iy — mo ) €+ 6 H, (23)
S

i

where 5@ = cusbl, mi = cusm’ and H, := cpsH,. The cash-in-advance

constraint at state s € .S becomes

iy > (25— el) (24)
and the terminal condition is

b4+ ml— w7l =0, (25)
We can now redefine household i’s budget set by

B (77, 1,7, ﬁ) - { (m i B, 07) € RV RITLRITLRI |
(21) — (25) hold}.

By redefining variables, the intertemporal constraint (18) becomes

)
. . 1
1 331+ To m6+ T1 )
14+ 1+rg 1+rgl+4+m

(~ Hi-1 R 1 A 1 A
=5’ Ho + —— - eh——" \ex—q - Dm | (26
( o+ 1+7“0>+7T0 <eo 1+r0>+1—|—r07r1 <el e 7-1>( )

The household 1’s budget constraint is

~ 1

my

o - To +

B! <7r,r, fir) - {(ml,ml) e REHDE X RS (22)(24) and (26) hold}.

It is easy to understand that (9), (10) and (12) are equivalent to (20). With

the obvious definitions, equation (20) becomes in the abstract economy

rs —~ ~ W T ~ ~
& Mg + psroMo + 2 S+M57T()-7'0:(1+T0),U,SH()+HS, VSES.(Q?)

1+ 1+ 7
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The arguments we used to derive (26) can also be used to derive an in-

tertemporal reformulation of (9), (10) and (12),

M M : O
I S RS et (1+r1 Tl)

_ Hy-1
= H, . 28
0+1_|_r0 (28)

A monetary equilibrium in this abstract economy is a vector { (7,1, 7,¢),

(7, ﬁ,?, gl)ze I (ﬁ, E, E) } such that markets clear, households optimize,
(27) is true, € > 0 and 7z > 0. Such an equilibrium corresponds to a mone-
tary effective equilibrium {(ﬁ, n,7), (fi’mij“’ﬁ)ie I, (M, B, F)} according
to Definition 4. As argued earlier, the latter vector corresponds to a mone-
tary equilibrium according to Definition 3. In the following proofs, we will

therefore concentrate on equilibria in the abstract economy.

6.2 The household and market demand

w is an element of the S-dimensional unit simplex, which we denote with
AS~!. The extended positive real line is as usual Ry := R, U {+o00}. We

start by deriving the properties of the budget sets in the following lemma:

Lemma 1 Under Assumptions 1 and 3, the budget sets satisfy the following
properties:

(1.1) Fori > 2, B (7r, Wy T, ﬁ) 18 a non-empty and upper hemi-continuous

=~ =S+1
correspondence for (W,,u, T, H) e Ax A1 x R++ X Rffl.

(1.2) Fori>2, B <7T,,u,7“, I:T) s compact for <7T,,u,7°, ﬁ) € interior(A) x

o 5-1 S+1 S+1
interior(A” 1) x R x Ry,

(1.8) For i > 2, B (W,u,r, ﬁ) s lower hemi-continuous for <W,H,T, fNI)

o S—1 ., @S+, @S+l
€ interior(A) x A°7F x R x RI™.

(1.4) Fori > 2, if Hy > 0 then B! (7r, 1y T, ﬁ) 1s lower hemi-continuous for
<7r,,u,, T, ﬁ) € A x interior( A1) x Riﬂ X R;gfl.

(1.5) Fori>2, aslong asry < 400, B’ (w,u, T, f[) is lower hemi-continuous

if (7‘(,/J,, T, ff) ¢ interior(A) x interior( A1) x @iﬂ X Riﬂ.
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(1.6) B! (77,7“, fI) is non-empty and upper hemi-continuous for <7r,7", ff)

wot+l S+1
EAXR+ XR+ .

(1.7) B! <7T,7’, ﬁ) is compact for <7r,7“, ﬁ) € interior(A) X Rif X Ri“.
(1.8) B! (71',7“, fl) 1s lower hemi-continuous for <7T,T, fI) € AX]RSS;'H XRi—H.

(1.9) If Hy > 0 then B! (77,7“, fI) is lower hemi-continuous for (71',7‘, ﬁ)

o+l 5+1
€cAXR, " xR,

(1.10) Aslong asry < +oo and Hy > 0, B! (7‘(’,7’, ﬁ[) is lower hemi-continuous
if (mr ) € Ax BRI xRS
Proof:

(1.1) To check non-emptiness, it is sufficient to notice that (a:i, T?Li,gi, 5’) =
(0,7 e, 0,0) satisfies the equations (21)—(25). Upper hemi-continuity

is straightforward.

(1.2) Closedness is obvious. To show the boundedness of B’ (W,u,r, H )

under (7, i, 7) > 0, note that an action (z°, ﬁLi,gi, gl) in B (7‘(‘, [y Ty ﬁ)
must satisfy (26), which implies 0 < (2%, m') < +o00. From (25) we
know that Z; > —oo for every s € S. From the standard no-arbitrage

argument, we have —oo < (~6,5i> < +o00. From (23) this further
implies that g@ < +o0.

(1.3) To see that there is an interior point, take §° = 0 and for every s € S*
155“ with €, > 0. Using
Assumption 3, 7 > 0 and r < +o00, it is easy to see that (21) - (25)

hold with a strict inequality for all €. small enough. Note that this

i 0 B o— i ~i i
take % = 0, b, = —2¢€, and m} = 75 - e} +

is true even if ug = 0 for some s € S. This sequence shows that the
interior of the budget set is nonempty. It is now easy to see that the
interior is lower hemi-continuous. Since the closure of a lower hemi-

continuous set is again lower hemi-continuous, the result follows.

(1.4) We only need to check that there is an interior point. Change the
8¢ Ho
2

sequence defined in (1.3) by g@ = 0 for every s € S*, mj = mp-el+
and Mm% = s - el + pus ‘Szfo for every s € S to see that this is true.
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(1.5) Again, use z° = 0 and g = 0. In period zero, take b= —2 €b,
mh = mo - el + % with €} > 0 and in period one take EZS = 0 and
i —7o°74

mb = s el + Ms%f to see that the interior is nonempty for €}

small enough.

(1.6) It holds that (z',m') = (0,7Oe¢') is an element of B! (’]T,T, f[)

Hence, B* (7?, T, H ) is non-empty. The second part is straightforward.
(1.7) This property follows immediately.

(1.8) To see that the interior of B! (w,r, f[) is nonempty, take m} = 7 -
el + ¢, for every s € S*, ! = 0 and choose all ¢, > 0 small enough.

Note that this argument relies on Assumption 3 and r < +o0.

(1.9) Under the assumption ﬁo > 0, the same sequence as in (1.8) is an

interior point for €/ small enough for every s € S*.
(1.10) Since Hy > 0 and ry < +00, the same argument as in (1.8) applies. B

The demand correspondence for every consumer type ¢ > 2 is defined to
be

(:Ui,ﬁli,gi, 5i)(7r,p, T, I;T) ::{ (.Z‘i, ﬁzi,gi, 5’) eBi(m, u,r, ﬁ) ‘

(z', ', b, 0") e arg maxui(xi)}

Let ©'(m, u, ﬁ) denote the projection of this demand set onto (z*,m'),
PRGN H) the projection of the latter onto #* and oL (m, H) the
projection onto m’. Household i = 1 maximizes his utility by choosing
(', m!) being an element of B* (71',7’, H ) The demand correspondence is

ol (Tr,r, H ) and the projections are defined as above. We summarize the

properties of individual demand in the following lemma:

Lemma 2 Under Assumptions 1 - 8, household demand satisfies the fol-
lowing properties:

(2.1) Fori > 2, ¢ <7r,,u,r, ﬁ) s non-empty, compact and convex valued

for (ﬂ,u,r, f[) € interior(A) x interior(AS~1) x Ri‘f X R;gfl.

(2.2) Fori > 2, ¢ (71',/,6,7“, f[) is upper hemi-continuous under the condi-
tions given in Lemma (1.3), (1.4) or (1.5).
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(2.8) ot (77,7“, fl) s non-empty, compact and convex valued for <7r,7", ff)

€ interior(A) x R x R,

(2.4) ot (7‘(,7“, ﬁ) 1s upper hemi-continuous under the conditions given in
Lemma (1.8), (1.9) or (1.10).

(2.5) Under the assumption of Lemma (1.8), (1.9) or (1.10),

inf { llz)| | € ¢} (m,r, ) } — +o0
if 1y — 0 for some s € S* and l € L.

(2.6) Vs € S*, if rs > 0, then m’ < ms - el for all (...,mi ...)

) S

€ ok (ﬂ,u,r,ﬁ) if i >2 and for all (...,mk,...) € oL (ﬂ,r,ﬁ).

(2.7) For every i > 2, under the conditions of Lemma (1.4) it holds that if
ro — +oo, then my — 0 for all (my,m}...,my) € @& W,/L,T,ﬁ .
Under the conditions of Lemma (1.9), the same property is true for

i =1 for every (m$,mi...,m}) Ego}% m,r, H).

(2.8) For every i > 2, under the conditions of Lemma (1.5) it holds that if
there is a s € S with r¢y — +oo, then mi, — 0 for all

(ﬁlé,...,ﬁi/,...,ﬁ%g) € go?n (W,u,r, f]) Under the conditions of
Lemma (1.10), the same property is true for i = 1 for every
(ﬁzé,rﬁ%...,ﬁz}q)ego% m,r,H).

Proof: Parts (2.1) - (2.5) follow from standard arguments using the
results from Lemma 1. Since money is dominated as a store of value for a
strictly positive interest rate, m’ = 7 - (2% — el)”,Vs € S*, Vi € I. This
implies (2.6). Concerning (2.7), we first argue for i > 2. For ryp — +oo we
argue that the sequence of best responses converges to a (z, ﬁzi,gi, gz) such
that ﬁzg = 0. From Lemma (2.2), the demand set is upper hemi-continuous
along this sequence. We will argue that if m} > 0 in the limit, then the
household can increase his utility. Since the cash-in-advance constraint binds
in the case of positive interest rates, 7716 > 0 implies that he sells something
of his endowment. If he deviates by selling nothing and consuming what he
sold before, his utility increases. The revenue which he loses in period one
from not selling the endowment in period zero can be taken from buying

costless bonds. This deviation implies that ﬁfbf) > 0 cannot be the best
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response in the limit. For household 7 = 1, the same property is true. In

fact, by optimality, 175 mi = T s (2% —el)~. Using this in (26) implies
1 nt 7
1 I+ wl-(wl—el) 1 = Hy-1
. — =40 H
o (a:o 60) + 147 ( o 14+

L+mro 1+ro 1+7r
This equation reveals that household one earns zero from selling his endow-
ments in ¢ = 0. Maximization thus implies selling no endowments. From
the cash-in-advance it follows that money demand is zero. Part (2.8) follows
from the same logic as part (2.7). B
Define the market demand correspondence of the commodity and money

as
Z (7T7,"[/7T7ﬁ> :: (pl (7[-77,7ﬁ) —"_ZQO’L (7T7/"[/7r7ﬁ) M
i>2

and the projections of this set onto commodity and money spaces by
Ly (w,u, T, ﬁ) and Zz (ﬂ,u, T, ﬁ), respectively.

Lemma 3 Under Assumptions 1 - 8, Z (w,u,r, f[) satisfies the following

properties:

(8.1) Z <7r, Ly T, E[) is non-empty, compact and convex-valued for (77, T, ﬁ)

¢ interior(A) x interior(AS71) x Rﬁf X RJSFH.

(3.2) Z (ﬂ',,u,r, fI) is upper hemi-continuous for <7T,,u, T, ﬁ) € interior(A)x
ASTL X R x RS,

(3.3) If (24, 2i,) € Z (W,u,r, ﬁ) and if (28) holds, then

(L+7o)mo - (zxo - Zeé) + - (zm — Ze’i)

7 7

+ 10 (Zmo —1\70> + T+ . (Zml —Ml) =0.

(8.4) If 2 € Zim(m, p, 7, H) then 2, < mCleZi el, forr >0 and all s € S*.
S,

Proof: Lemma (3.1), (3.2) and (3.4) follow directly from individual
demand (Lemma 2). Lemma (3.3) follows from adding up (26) over i € I
and using (28). W
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6.3 Proof of Theorem 1

We fix the martingale measure g > 0 and the inverse price level ¢ > 0
at the outset. The transfers are determined endogenously according to the

balanced transfer rule.

6.3.1 Preliminary definitions

From Assumption 1, we can define a government transfer function H (7r, T, M )

= (ﬁo,fll, e ,ﬁ5> <7T,’I“, M), where

7 = Ts o~ Mg T,
i ( 7 ,M) SELL Iy SERULESL VAP Sy
s\’ 1+ 7, 5+1—|—rs €

We slightly abuse the notation by denoting both the function and the image
with H. By construction, H, > 0, Vs € S§*. Obviously, H (7T,’I", M) is a

bounded and continuous function for (7r, 7, M ) €A X Ri“ X qufl.

6.3.2 Construction of a fixed point mapping

To make the proof compatible with a zero interest rate, we start by defining

the modified interest rate process 1" := (r7)scg+ by

n re ifry>0
T =
Loifr,=0.

For n > (S + 1)L define
1
A" = {WEA’T&’SZ > }
n

It is easy to see that U A" = interior (A). Let Kz be a compact
n>(S+1)L

and convex space such that Kz 2 ZZ (ﬂ,f[) for all 7 € A and H €

Riﬂ, where Z71 (W,H) = Zg <7r,u,7“”,f:f>. Since r™ > 0 for all finite n,
such a compact set exists by Lemma (3.4).
set K such that Kz 2 Hn» (77, M) for all 7 € A and M € K5, where

H" (77, M) =H (ﬂ,r”, M) Since H is a bounded function and M € K5,
such a set Ky exists. Further define Z} <7T,f]) = Ly (7r,,u,r”,f]> and a

% Define a compact and convex

compact and convex set K' such that K" O Z7 (71, H ) for all m € A™ and

5Even though r depends on n, the set Kz does not depend on n by Lemma (3.4).

27



H € Kg. Denote the product set with K" := K7’ X Kz. Note that only
K7 depends on n. Finally, define the mapping

A" X Ky x K x K" =3 A" X K x K x K"

by
—_—~— o~ fn
(w20 H,2) B (£ 12 150 1)),
where
"(x, M, H, z) := arg max {(1 + 79) 70 (zxo —Z eé) +7m1- <zx1 —Z eé)} ,
{meAn} i i

f]’r\ZIN(WaM7HaZ) = Ry
f@(w,ﬂ,ﬁ,z) = H" (W,M),
f?(ﬂ,M,ﬁ,z) = Z" (W,ﬁ).
The first mapping is the price player’s objective function, the second map-
ping says that the government accommodates money demand, the third
mapping is the government transfer function and the last mapping is the
market demand.

From Lemma 3 we infer that f™(m, M H, z) is a non-empty, compact,

convex-valued and upper hemi-continuous correspondence. Kakutani Fixed

Point Theorem establishes the existence of a fixed point (77*", M *n H . z*”) .

6.3.3 The limit of the fixed points is an equilibrium

Since (w*", M* H*™, z*”) is bounded for each n, we can choose a subse-

*

quence having a limit (77*, M ) H * z*). " is trivially bounded. By Lemma

(3.4), 27 is also finite since 22 is bounded above by the aggregate endow-

ment for all n. By construction, M* = 2% . Since H (7r, M ) is continuous,
H*=H (7'(*, M *) This implies that H* is finite. It only remains to show
that zX =", ¢e" and 2} € Z, (w*,ﬁ*).

It follows from M* = 2% and Lemma (3.3) that for all n

(14 ro)my™ - (z;g - Zeﬁ) + 7" (z;? - Ze’i) =0,
i i

which implies
(14 rp) mg - (z;O —Zeé) + 73 - (z; - Zeﬁ) =0
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in the limit. Consequently, we have 2% < Y €', and 2} = >, €’ if 7* > 0.
However, from Lemma (2.5) we know that household one’s demand goes to
infinity if some 77, — 0. Since aggregate excess demand is bounded below,
we get that [|2]| — —+oo if some 7¥, — 0. Therefore, 25 < >, ¢’ implies
that 7* > 0 and 2} =), e'. Since Z, (7T, ﬁ) is upper hemi-continuous for
m > 0, we know that 2} € Z, (Tr*, I;T*)

It is straightforward to see that the vector <7T*, M * H ) z*) corresponds
to a monetary equilibrium in the abstract economy under interest rate peg

with balanced transfers.

6.4 Proof of Theorem 2

Similar to the proof of Theorem 1, we fix an arbitrary inverse price level

c > 0 and an arbitrary martingale measure p > 0.

6.4.1 Preliminary definitions

In the abstract economy, the money supply vector is M =c (Mo, (MsMs) sc S)
> 0. Define the transfers H (7‘(,7“, ]\7) to individuals as in Section 6.3.1.

Since M is fixed here, we write H (7).

6.4.2 Construction of a fixed point mapping

As before, we define A" := {7 € Alry > 1} for n > (S + 1)L. Define the

set Q" = [%,n] S+l carrying the interest rates r. Let Kj be a compact
and convex space such that Kz D Z (7r, T, Ef) for all m € A", r € Q™ and
H e Riﬂ. Define a set K such that Kz 2 H (m,r) for all 7 € A" and
r € (1", Define the compact and convex set K’ such that K! O Z7! (7r, T, ﬁ)

for all m € A™, r € Q" and He ]Rjgfl. The product set is K™ := K] X Kz,.
As before, define the mapping

JPrA" X Q"X K x K" =3 A" x Q" x K x K"

(mord,2) & (12 80 F 12
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where

2 <7r, r H, z) := arg max {(1 + 7o) 7o - (zzo —Z eé) +m- (le - e’i)} ,
(rean) - :

)

He o {TO (ZWO )t 14 ry \7 !

e (F,T,H,Z)
f5 (ﬂ,r,ﬁ,z) .= H (m,r),
o (W,r,ﬁ,z) = Z(ﬂ,r,ﬁ).

Again, all these mappings satisfy the assumptions required to apply
Kakutani’s Theorem, implying the existence of a fixed point

(ﬂ.*n’ ,’,,*n’ _El’*n7 Z*n) i

6.4.3 The limit of the fixed points is an equilibrium

Since (W*",r*",H *”,z*”) is bounded for each n, we can choose a subse-
quence having a limit (W*,T*,H*,Z*). For every such subsequence,

(TF*,I:’*,Z%> < +o00. Since ﬁ(ﬁ,r) is continuous, we know that H* =
H (7*,r*). Hence it remains to show that markets clear and (1%, 23) <K +o0.

Claim 1: In period zero, the money market clears and r; < 4+00. To
see this, we argue in three steps.

Step 1: We prove that z%o < MO. Suppose not, i.e. z}%o > My. From
the construction of f', we must have rj = +o0o. Then it follows from the
definition of H (7*,7*) that ﬁa‘ is strictly positive. Lemma (2.7) implies that
z;%o = 0, a contradiction to z;fﬁo > ]\f@k > 0. Hence z;"%o < MO.

Step 2: We prove that Z}%O = My if r§ > 0. Since the construction of
[t implies 7 (Zv*%o — MO) > 0 and z;%o < Mo implies 7 (z;“%o — ]\70) <0,

we must have 7 (z;%o — MB) = 0. Therefore, 7§ > 0 implies z7 — Mo =0,
which means the money market clearing in period zero (with free disposal)
in the limit.

Step 3: We prove rj < +o0o. Suppose that rj = +o0o. From the first
step, we know that Z?ﬂo = 0; from the second step, we know z;‘ho = Mg.
These two facts imply My = 0, a contradiction. B

Claim 2: For every s € S, the money market in state s clears and
ri < 4+o00. To see this, we argue in several steps.

Step 1: We show that 2}, < >, €} and 25 < >°.¢}. Indeed, using the

definition of H(,r) and Lemma (3.3), it follows (1 +rg)mh - (25, — Doi€h) +
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(2, — D eh) (z}%o - M()) + % . (z;‘%l - M1> = 0. In Claim 1 we
established 7 (z;;m . 1\70) — 0. In addition, the definition of £ implies that
. (z’il - Ml) > 0. From this it follows that (1+7§) 75« (25, — >, €f) +

1+r] m
w5 - (25, — > ;€h) < 0. From the definition of fI we get 2z}, < >, €} and

1
Z;]_ S Z’L 6?[‘
Step 2: The conditions of Lemma (2.5) apply. To see this, we argue that

either the conditions of Lemma (1.8) or the conditions of Lemma (1.10) are
satisfied. In fact, If 7 < +o00, then the conditions of Lemma (1.8) apply
trivially. Alternatively, if there is some s € S with 7} = 400, then it follows
from the definition of H(m,r) that H; > 0. Then the conditions of Lemma
(1.10) hold.

Step 3: We show that 7#* > 0. In fact, we saw in the previous step that
Lemma (2.5) can be applied. So if there is a s € S* and a [ € L such that
7% = 0, then Lemma (2.5) implies a contradiction to Step 1.

Step 4: Since r§ < +oo and 7* > 0, Lemma (2.8) applies. With this in
mind, it is easy to see that the Steps 1-3 of Claim 1 apply. Hence Claim 2
follows. W

From money market clearing it follows now by the same arguments as
in the proof of Theorem 1 that 2} = >, e’. From 7* > 0 and the upper
hemi-continuity of the demand, z* € Z(7*, r*, ﬁ*)

Finally, (W*,r*,fl *,z*) corresponds to a monetary equilibrium in the

abstract economy with money supply control and balanced transfers.

6.5 Proof of Theorem 3

With fixed nominal transfers we just introduce a transfer mapping which
transforms the original transfers into discounted real transfers. In addition,

we now determine ¢ and p endogenously in the fixed point.

6.5.1 Preliminary definitions

(S+1)L

Define an augmented taxation 7" € RY as
n Ts if >0
Ts = 1 L - )
(£,0,..0) eRE if7, =0

where n € N and n > min (e% ) Without loss of generality, if 7, = 0 we can
S

sl
assign the taxation to household 1, i.e. 71" = (%, 0,.., 0) and hence 7" =0
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for all 4 #£ 1. It is easy to see that household 1 will have a non-empty budget

set for all n > min (%)
S €s1

Define a government transfer function H (c, p1) := (ﬁo, Hi,..., ﬁs) (c, )
by

Ho(c,p) == cHy and Hy(c,p) := cusHs, Vs € S.

This function is obviously a bounded and continuous function for finite c.

Next, define an inverse price level function ¢ by

To + 1 L BV + T TS + 1 T - 1 O
Tfro“Mo T T4rg T+r1  “M1 T T4rg Tro "1\ T+ 1
c" (777 2y M3 T) = - Ls IT )
Ho+ ZSES 1+ro H,

and use the shortcut ¢" (7, 2, p) := ¢ (7, 2z, p; ). This is a bounded and
continuous function of (7, 2, p) for each n as long as Hy > 0 and z < +00.
Under the latter condition, define the bounded and continuous martingale-
measure function p" (7, zm, ¢, ) == (uf, ..., u&) (7, ¢, u, zm;7) by

Ts D P H.,— H
Trrs 2is T Tor, s * Ts 1 MsC <£I}3§Hs’ Hs)

M? (7T, C, s Zim; T’) =

1 . Y T,
Trry 2 T <1+r1 Dﬁ) ¢ pes to (gr}g? Hy HU)

For fixed 7, we just write u? (7, ¢, i, 27). By the construction of 7", as long
as ™ > 0 we have ¢” > 0, u? > 0 and 255:1 e =1 for all finite n.

6.5.2 Construction of a fixed point mapping

Denote aggregate demand with Z” (7r, 78 ﬁ) =7 (W,r,,u, ﬁ,T”). Lemma
(3.4) allows us to define the compact and convex set Kz such that Kz 2O
A4 <7r,u,ﬁ> for all 7 € A, p € A1 and H € Rffl. Notice that Kz
does not depend on n. As argued above, for positive Hy we can define a
compact and convex set K’ such that K D " (m, zm,p) for all m € A,
27 € Ky and € A5~ p™ (m, ¢, p, 27) lies in a compact and convex set
K] C interior(AS~1) for m € A", 25 € Kz and ¢ € K?. Introduce the set
K7% such that K% 2 H(c,u) for all ¢ € K and p € K. This set can be
chosen to be compact and convex for every n since ¢ € K/'. Further define
K™ such that K" D Z» (W,u,f]) for all 7 € A", p € KJ and H € K7.
Finally, K" := K! x K. Define the mapping

fUrAT X KD X KD KT ) K™ = A" x K x KJ x K% x K"
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by
(moeom H2) & (12, 12 00 50 12)

where

Iz (mc,u,ﬁ, Z> = a{igerfff{(l + 7o) ( Zeo) +y ( —22: eﬁ)},

P (rem ) = € m o),
fi (moem fI 2) = (e z)
f5 (7? ) = H(c, ),

o <7r e, H, z) — " (ﬂ,p,ﬁ).

fr (7r, c, I, H , z) is a non-empty, compact, convex-valued and upper hemi-
continuous correspondence. Kakutani fixed point theorem establishes the
existence of a fixed point (77*”, cmoptn, ﬁ*”, z*”).

Note that the money market is always cleared since the central bank
accommodates money demand. From the construction of ¢" (m, z7, i), in
the fixed point the equation (28) holds, i.e.

T0M5"+1+r1 M1 “+ 7 0 7'0 —|—7r1 <1+r1 n):H(’)‘”(l—k’r‘o)—}—Hi*”.L
(29)
From the construction of u™ (7, 2z, ¢, 1) it follows
LSy LS L ! O +C*n2M max Hy — H,
1+nrm 1 1 1 +7r1 1 ses  ° 7
c€S
1+T M*” + 1+T T 4 (Islr}gggHs/ — Hs>

ps"
Use this equation and (29) to get

Ts
147

which proves that (27) holds.

—~ 1 ~
M gl = HE " ro Mg 7 = " H (1),
S

6.5.3 The limit of the fixed points for n — +o0

Since (w*", o HA z*") is bounded for each n, we can let n — 400

and choose a subsequence having a limit (7‘('*, TN H ) z*). We obviously
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have (w*,u*,z;‘%) < 400, but 2z} could be infinite. Clearly, 7" — 7. By
continuity, H* = H(c*, pu*), ¢* = c(m*, 25, 1) and p* = p (7%, ", ¥, 2%).
From 2%, < 400 we know that ¢* < +oco. From this we infer H* < +o0. It
remains to argue that markets clear, (27) holds, 0 < (7%, ¢*, u*), 2z < 400
and z* € Z (W*,p*,ﬁ*).

Given the construction of c”(ﬂ,M JH ), Lemma (3.3) applies for ev-
ery n. Together with money market clearing (the central bank accommo-
dates money demand) it hence follows (1 + ro) m5™ - (257 — 3, €f) + @™ -

(z3m — 3", €}) = 0 for every n. Hence

1
(L+ 7o) mg - <z;‘0 - Ze%) + 7] (zél — Zeé) =0.
i i
Since the interest rates are always finite, Lemma (1.8) allows for the ap-
plication of the Lemmas (2.4) and (2.5). Hence, 2z} = > . ¢! < +oo and
™ > 0.

From what we argued above, it follows easily that (27) is also true in
the limit. 2* € Z (77*, W, H *) follows from finite interest rates and 7* > 0
since Lemma (1.3) and Lemma (2.2) apply. Therefore, we need only to show
that ¢* > 0 and p* > 0.

We first prove that p* > 0. Suppose pi = 0 for s € S. From the
definition of pu(m, m,c, 1) we get 2z, = 0 and 75 = 0. For every n along the
sequence of fixed points, the consumer’s budget in s € S is

gi*n

Rl e < el B AST g+ O
S

~ %N *1, kn i\—
Mg > T '(xs —6) ’

Tixn ~ jxn
b + my

Ts Solkn . Ts
147 ms - 1475

We can use this to derives the equivalent formulation

Since households optimize, we must have e (2 —el) .

s (xé*n - eé)_ Tixn Nixn ~ixn\ , *n i TT*N
+ (bg" + A0 +mg " )t + ST H".
1+7r

%
s

By the cash-in-advance constraint, (z%* — €)™ = 0 for every i € I. Since
markets clear and nobody sells goods it follows that z2* = e’ for all i € I.
From H (c, 1), we know that H* = 0. Hence we get (b + A0 +mi¥)ut = 0

from the budget constraint. For n — oo, we get from the continuity of the
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budget set and from what we said previously that

) ) T*. (SL‘Z* o ei)—
* xz* 61 + — S S S
7TS ( S S) 1_'_7,5
Define, for every i € I, the utility function v : Ri — R by v*({}) =
u'(af, 2, el + ¢, 2%). From what we said before, it follows 0 =
arg max{v’(¢’) ‘ Tt < Wfffs }, Vi € 1. Define the function (¢, 7s) by
! if ¢!, <0

Co(Clirg) =4 %

1
sl 3
e otherwise

and a utility function % (¢!) = v*((s(¢%,7s)). As argued in Dubey and
Geanakoplos (1992, pp. 418-419) we then get the equivalence that 0 =

argmax{vi(gé)‘ 7t < %} if and only if 0 = argmax{o_._({%)

Tt < wr } If we consider an economy with I agents having concave
utilities 0;._(¢%) and endowments e}, then no-trade is a Walrasian equilib-
rium for this economy at prices 7*. By Lemma 2 in Dubey and Geanako-
plos (2003(a)), at the initial endowment allocation (in state s € S) there
are no gains to rs-diminished trade. Hence, rs > 7vs(z* ,, e5) from the defi-
nition of vs(z*,,es) - a contradiction to the Gains-to-Trade Hypothesis in
Assumption 8. Therefore, we must have u; > 0 for every s € S.

The definition of ¢(r, 2z, H) and u(r, 2, ¢, H) now immediately imply
c* > 0.

It follows as before that the limit of the fixed point vectors correspond
to a monetary equilibrium in the abstract economy with interest rate peg

and fixed transfers.

6.6 Proof of Theorem 4

This proof is a combination of the proofs of Theorems 2 and 3.

6.6.1 Preliminary Definitions

The augmented taxation 7" € RfH)L, the government transfer function
fI(c, ) = (ﬁo,ﬁl, .. .,ﬁs) (c, i), the inverse price level function
" (m,r,u,2z7) and the martingale-measure function u" (7,7, ¢, u, 27)
= (pf, ..., 1) (m,r ¢, i, 2) are defined as in Theorem 3. ¢ (7,7, i, 23)
is a bounded and continuous function of (m,r, i, z5) for each n as long as

Ho > 0 and z73 < +00. Under the latter condition, " (m, 7, ¢, i, 23) is also
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bounded and continuous. By the construction of 77, as long as 7 > 0 we
have ¢ > 0, iy > 0 and 255:1 pu? =1 for all finite n.

6.6.2 Construction of a fixed point mapping

Define A" and Q™ as in Theorem 2 and denote aggregate demand with
AL (W,M,T, ﬁ) =7 (W,u,r, ﬁ,T"). Lemma (3.4) allows us to define the
compact and convex set Kz such that Kz 2 Z2 <7r, Wy Ty fI) for all m € A,
p € AL r € Q" and H e Ri“. As argued above, for positive Hg we
can define a compact and convex set K such that K O " (m,r, i, 2i)
for all m € A", r € Q" p € AV and 23 € K. p” (7,7, ¢, 1, 27) lies in
a compact and convex set K C interior(AS™Y) for m € A", 25 € Kz,
pe AL ce Kn

cH

K% such that K% 2 ﬁ(c,,u) for all c € K and p € A. Further define
the compact and convex set K7 such that K} O Z7 (w,,u, T, H ) for all

and z; € Kg. Introduce the compact and convex set

I SALNITS K}, re Q" and H € K% Again, denote the product set by
K" := K} x Kz. Define the mapping

JUAT X QU X K X K x KE X K" = A" x Q" x K x Ky x K& x K"

7 I n rn n enorn n
<7T7T767M7H72>'_> mrdroy Jeor Juo ﬁ?fz )

=arg max{(l + 70)m0- (zxo—z 66) +my <Zx1 _Z e§>}7

{reAn}

. o 1 .
e (77,7“, c,,u,H,z) = arg max{ro (Zmo — M0> + L <zm1D — M1>},
reQn c 1+m cl
i (71',7‘, c,,u,];NI,z) = (myrypy 2im)
f;} (eracaluvﬁvz> = :un (71-77"707/-1*727%)7
1 (morseon 1, 2) i= Hie,p),
g (W,T,C,M,H,Z) =" (W7T3M’ﬁl>a
where i = (i) in the second line. As before, there exists a fixed
s/ se

point (71'*”7 oo utt H z*”) for every n.
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6.6.3 The limit of the fixed points is an equilibrium
For n — oo, we get (W*",r*”,c*”,u*",ﬁ*”,z*”) — (W*,T*,C*,M*,FI*,Z*)
and 7" — 7. We want to show that (7*,r*, ¢*, u*, ﬁ*, z*) is an equilibrium
for the abstract economy with taxation 7.
By the the definitions of ¢" (m,r, u, 2z ) and p" (7,7, ¢, p, z7), we get for
each n
1 rin 1 1 1

KM, ) kT . *n :%L *M, ) kT *nﬂ-:n' STL +
C g 1+rs ° C g 1+rs

or alternatively

G T rn o ¥ G s 78 G (8 )

From this,

r:n 1 *M Vi *70 1 *n T
1 + rEN (C*nu*n Zﬁls B MS) + TO c*n Zmo B MO
S S
*n

*n (AT I7 I7 I7 Ts
-H“O (M()—H[))<H0+H5—1+T;mMS,

from which we infer

. rin 1 x _ ) . 1 . o
nh—{go 1 _}_Srr;n <C*n'u:n Zﬁ’z — M5> + TLILH;O ron <C*nzﬁﬁ) . M0>
. wn o _ "
— < _ )
—I—nll_,ngo?“o (Mo —Hoy) < Ho+ H, T e

By the construction of f? and the fact that Mo > Hy, we get in the limit

1 J—
lim 'f'Sn <*Z>fvn — M[]) > O,
C

n—oo

*N *
1 r Ty

lim 2 o> Mg,
n—oo c* i 1 4 prin s 147
lim Tgn (MO - Fo) Z 0
n—oo
Therefore, we have
ro < 400,

since otherwise lim,,_,o r§" (Mo — ﬁo) = +00, contradicting the inequality.

In addition, since 1:_;;; M, < Ho+ H,, we know that

Hy+ H,
fo Mot s (30)

Ts
M¢—Hy— H;
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From r < +00 and the construction of f* we can infer that

nh_)l'{)lo &72:7% < MO» (31)
n1—>oo CH T ;"TZ < M, (32)
which further implies
nh_)rr;o ro" < — 2 — Mo) = 0, (33)
*1, 1 o
lim —* Zn _3,) = o. (34)
n—oo 1 + T;kn C*nuzn s

From the definition of ¢" (7, r, u, z77) and fI(c, ) we get

r1
147

1 ~ ~
o s e (O ) = B L
Adding up the intertemporal individual budget sets over all households and

plugging in this equation gives for every n

(L4 rg™)mo™ - (z;f,g - Zeé) + - (z;f,’ll - Ze’i) =0.
i i

The left hand side of this equation is just the commodity price players ob-

jective function. In the limit we get

(L4 rg) m - (Z;O —Zeg) + 77 - (z;I — Zeé) = 0.
i i
Given this, it is easy to see that the commodity markets clear. From Lemma
(2.4) we get 7* > 0. Hence we have z* € Z (77*,7'*,;1*,?[*).
From the construction of ¢" (7, r, u, z7), we know that ¢* < +oo. Next,
we show that ¢* > 0 and p* > 0.
For p* > 0, the argument is quite similar to the one given in the Theorem

3. For every s € S, if 7, > 0, it is obvious that pu} > 0. Suppose 7, = 0

for some s € S and pi = 0. From the fact ¢* < 400, we know that
limy, o0 "™ = 0. From the inequality lim,, WZ;;Z < My, we know

that 22 =0 (otherwise lim,,—, o ﬁz}i = +00 > Mjy). Therefore, the

argument in the proof of Theorem 3 applies, which means v,(z* ;, e5) < 7.

Ho+H,
Hence, by (30), vs(z* 4, es) < m,

Trade hypothesis in Assumption 9. Therefore, we must have p; > 0 for all
s€S.

a contradiction to the Gains-to-
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The result of ¢* > 0 can be proved in a similar way as in Theorem 3.

Given p* > 0 and ¢* > 0 we can now infer from equations (31) - (34)
that the money markets clear.

It follows that the limit of the fixed point vectors corresponds to a mon-
etary equilibrium in the abstract economy with money supply control and

fixed transfers.
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