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1. Introduction

Following Taylor’s (1993) seminal article, there has been recently a very strong re
of interest in the study of interest rate rules for monetary authorities (for a survey of r
work, see for example McCallum, 1999; Taylor, 1999). In line with the recent tren
macroeconomics, several authors quite naturally investigated interest rate policies in
ous dynamic general equilibrium models.

Most rigorous studies of optimal interest rate rules in such a maximizing frame
have been cast in “Ricardian” economies populated with a single dynasty of consu1

These economies have, however, as far as policy analysis is concerned, a numbe
ticular properties, and it thus seems legitimate, in line with the intuition first develop
Bénassy (2000), to extend the analysis of interest rate rules to non-Ricardian eco
where new agents enter in each period, and to see whether this makes a differenc
for the analysis. We shall see that it does.

In this article we shall be particularly concerned with the issue of price determ
under various monetary rules. We shall notably scrutinize two particularly famous re

– The first one, which originates with the article by Sargent and Wallace (1975),
cally says that, under a pure nominal interest rate peg, there is nominal indeterm2

This means that, if a sequence of prices is an equilibrium, then any sequence m
of the first one is also an equilibrium. This is no minor problem since many op
policy packages include the famous “Friedman rule,” according to which the nom
interest rate should be set equal to zero.3

– The second one is often referred to as the “Taylor principle.”4 The basic idea is tha
in order to make prices determinate the central bank should respond “aggressiv
inflation. If interest rates respond only to inflation, a classic result is that, in ord
have determinate prices, nominal interest rates should respond more than one
to inflation.5

1 So we shall use the terminology “Ricardian” for economies with a single dynasty of consumers, and
Ricardian” for economies where new consumers arrive in time. This terminology has its root in the “Ric
equivalence” result (Barro, 1974), according to which, in an economy with a single dynasty of consume
timing of (lump sum) taxes is irrelevant as long as the government intertemporally balances its budget,
it matters in a non-Ricardian economy. Note that other factors than demographics can make an econo
Ricardian.

We should point out that this meaning of “Ricardian” is quite different from a later one which differen
Ricardian and non-Ricardianpolicies, and which has been adopted by authors working on the “fiscal theo
the price level” (see, for example, Kocherlakota and Phelan, 1999, and Woodford, 2003, for lucid exposit

2 For a useful taxonomy of various forms of indeterminacy, see McCallum (1986).
3 This rule originates in Friedman (1969). The intuition is that, since money costs nothing to produ

services should be priced at zero.
4 It should be noted that, although Taylor (1993) recommends a strong response of interest rates to i

this is not for the reasons explored in this article. The reasoning (see, for example, Taylor, 1998) is tha
nominal interest rate responds more than one for one to inflation, the real interest rate will respond posi
inflation, which should have a stabilizing influence on the economy.
5 Early results in this direction on price determinacy and monetary rules are found in Leeper (1991).
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straint.
We shall see that considering non-Ricardian instead of Ricardian economies dr
cally modifies the answers to the two above questions.6 Notably:

– A pure interest rate peg is fully consistent with price determinacy, provided the in
rate satisfies a very mild condition.

– Prices can be determinate even if the interest rate responds less than one for
inflation. In fact, from the above result, it needs not even respond at all.

The rest of the article is organized as follows: Section 2 presents the model. Se
derives the dynamic equilibrium equations. Section 4 describes, for the sake of comp
some traditional results in the Ricardian framework. Section 5 derives a sufficient c
tion for price determinacy under an interest rate peg. Section 6 studies whether the
principle is still relevant in the non-Ricardian model. Section 7 gives a number of
nomic interpretations. Section 8 extends the results to a framework with a forward lo
Phillips curve. Section 9 introduces a more general fiscal policy. Section 10 conclud

2. The model

The model consists of households and the government, itself comprising a fiscal a
ity (which sets taxes) and a monetary authority (which sets nominal interest rates).

In order to have a non-Ricardian structure, we shall use a model adapted from
Weil (1987, 1991).7 New “generations” of households are born each period, but no
ever dies. CallNt the number of households alive at timet . SoNt − Nt−1 households are
born in periodt , with Nt � Nt−1. We will actually mainly work below with the case whe
the population grows at the constant raten � 0, so thatNt = (1+ n)t .

2.1. Households

Consider a householdj (i.e. a household born in periodj ). We denote bycjt andmjt

his consumption and money holdings at timet � j . This household receives in perio
t � j an endowmentyjt and maximizes in each periodt � j the following utility function:

Ujt =
∞∑
s=t

βs−t Logcjs . (1)

6 A few contributions have sought to modify the “traditional” results on interest pegging or the Taylor prin
For example McCallum (1981) advocates linking interest rates to a “nominal anchor” like the price level. B
(2000) introduces the non-Ricardian insight into the issue of interest pegging using a different uniquene
rion. Benhabib et al. (2001) show the importance of how money enters the utility and production function
(2003) shows that the Taylor principle does not apply in an econometrically estimated model. Roisland
shows that capital income taxation modifies the Taylor principle.

7 The difference is that Weil includes money in the utility function, whereas we use a cash in advance con

The determinacy conditions are actually the same for the two models.
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Householdj is submitted in periodt to a “cash in advance” constraint:

Ptcjt � mjt . (2)

Householdj enters periodt with a financial wealthωjt . Transactions occur in two step
First the bonds market opens, and the household can lend at the nominal interest rait an
amountbjt (of coursebjt can be negative if the household borrows to obtain liquidi
The rest is kept under the form of moneymjt , so that:

ωjt = mjt + bjt . (3)

Then the goods market opens, and the household sells his endowmentyjt , pays taxesτjt

in real terms and consumescjt , subject of course to the cash constraint (2). Conseque
the budget constraint for the household is:

ωjt+1 = (1+ it )ωjt − itmjt + Ptyjt − Ptτjt − Ptcjt . (4)

2.2. Aggregation, endowments and taxes

Aggregate quantities are obtained by summing the various individual variables.
areNj − Nj−1 agents in generationj . So for exampleΩt is given by:

Ωt =
∑
j�t

(Nj − Nj−1)ωjt (5)

and similar formulas apply toYt , Ct , Mt , Bt , andTt .
We also have to describe how aggregate endowments and taxes are distributed

households. We assume that all households have the same income and taxes, so th

yjt = yt = Yt

Nt

, τjt = τt = Tt

Nt

. (6)

TaxesTt are determined by government policy (see Sections 3 and 9 below). A
output, we shall assume that output per head grows at the rateζ , so that:

yt

yt−1
= ζ,

Yt

Yt−1
= ζ(1+ n). (7)

2.3. Government

Now the other important part of the model is the government. The households’ a
gate financial wealthΩt has as a counterpart an identical amountΩt of financial liabilities
of the government. The evolution of these liabilities is described by the government’s
get constraint:

Ωt+1 = (1+ it )Bt + Mt − PtTt = (1+ it )Ωt − itMt − PtTt . (8)

2.4. Monetary policies

As we indicated in the introduction, we shall study two types of monetary policies

first is interest rate pegging, which consists in setting the nominal interest rateit exoge-
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the interest rate is pegged at a constant value:

it = i0. (9)

The second type of policy we shall consider consists of “Taylor rules,” through w
the nominal interest rate responds to inflation:

it − i0 = a(πt − π0), a � 0, (10)

whereπ0 is the long-run rate of inflation andi0 a target interest rate. The “Taylor principl
suggests that, for prices to be determinate, the coefficienta should be greater than 1.

3. The dynamic equilibrium8

Households of generationj maximize their utility (1) subject to their budget constra
(4). This yields the following Euler equation:

Pt+1cjt+1 = β(1+ it )Pt cjt . (11)

As it turns out, when one aggregates consumption functions across generations
term appears due to the non-Ricardian character of the economy. It is shown indee
appendix that the following dynamic equation holds:

Pt+1Yt+1 = β(1+ n)(1+ it )PtYt − (1− β)nΩt+1. (12)

Through the last term, which disappears ifn = 0, accumulated financial wealth will no
play an important role (we shall see an explanation in Section 7 below).

Since the model is non-Ricardian, the dynamics will depend on the actual tax pol
it will notably influence the dynamics ofΩt . In order to simplify the dynamics below, w
shall assume that the tax policy of the government consists in balancing the budget
by period.9 Taxes will thus cover exactly interest payments on bonds:

PtTt = itBt . (13)

We may immediately note, using the government’s budget constraint (8), that und
balanced budget policy total financial wealth will remain constant:

Ωt = Ω for all t. (14)

The dynamic equation (12) then becomes:

Pt+1Yt+1 = β(1+ n)(1+ it )PtYt − (1− β)nΩ. (15)

8 Since we shall concentrate on the problem of price determinacy, we shall not explore in this arti
conditions for existence of an equilibrium. Such conditions are given in Weil (1987, 1991) for his original m
A self contained description of the conditions corresponding to the adaptation in this article is available fr
author.
9 A more general policy is considered in Section 9.
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4. Traditional results

We shall now briefly review some traditional results on price determinacy under in
rate rules in the Ricardian setting. In the Ricardian modeln = 0, and Eq. (15) becomes:

Pt+1Yt+1 = β(1+ it )PtYt (16)

which is the traditional aggregate dynamic equation.

4.1. Interest rate pegging

Let us start with interest rate pegging, and assume that the nominal interest rait is
exogenously pegged. Equation (16) can be rewritten as:

Pt+1

Pt

= β(1+ it )
Yt

Yt+1
. (17)

This formula is homogeneous of degree one in prices, and so is the intertemporal
constraint in the Ricardian case. These homogeneity properties clearly imply that w
nominal indeterminacy, which validates the result of Sargent and Wallace (1975).

4.2. The Taylor principle

Let us now consider more general interest rate rules of the form:

it − i0 = a(πt − π0), a � 0, (18)

and loglinearize Eq. (16):

πt+1 = it + Log(β/ζ ) − n. (19)

Inserting (18) into (20), we obtain:

πt+1 = a(πt − π0) + i0 + Log(β/ζ ) − n (20)

which can be rewritten as:

πt = πt+1

a
+ aπ0 − i0 − Log(β/ζ ) + n

a
. (21)

Clearly the inflation rate will be determinate ifa > 1 (the Taylor principle). Since th
past price is predetermined, a determinate inflation rate also means a determinate p

Assuming that the determinacy conditiona > 1 holds, we can solve (21) forward an
we obtain:

πt = aπ0 − i0 − Log(β/ζ ) + n
. (22)
a − 1
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5. Determinacy under an interest rate peg

We now revert to the more general non-Ricardian framework, and consider th
problem we mentioned, that of a pure interest rate peg. As above, we shall stu
Walrasian version of the model. Let us first assume that the interest rate is pegged
valuei0. The dynamic system (15) is written:

Pt+1Yt+1 = β(1+ n)(1+ i0)PtYt − (1− β)nΩ. (23)

In what follows it will be convenient to use nominal incomeXt as our working variable

Xt = PtYt (24)

so that (23) is rewritten as:

Xt+1 = β(1+ n)(1+ i0)Xt − (1− β)nΩ. (25)

Applying the conditions of Blanchard–Kahn (1980), we see that there is a unique
tion in Xt provided that:

θ = β(1+ n)(1+ i0) > 1 (26)

and this solution is given by:

Xt = X0 = (1− β)nΩ

β(1+ n)(1+ i0) − 1
. (27)

Appendix A gives the solution in the case where the pegged interest rate is not cons
time.

6. The Taylor principle

Let us continue with the non-Ricardian model and turn to the Taylor principle. Lo
earizing Eq. (15), we obtain the following equation:

pt+1 + yt+1 = θ(pt + yt ) + ξ(it − i0) (28)

with:

θ = β(1+ n)(1+ i0) ξ = β(1+ n). (29)

Combining with the equation giving the interest rate we obtain:

pt+1 = θpt + ξaπt + θyt − yt+1 − ξaπ0. (30)

This can actually be rewritten as a two dimensional dynamic system in inflation an
price level:

pt = πt + pt−1, (31)

πt+1 = (θ − 1)pt + ξaπt + θyt − yt+1 − ξaπ0
= (θ − 1+ ξa)πt + (θ − 1)pt−1 + θyt − yt+1 − ξaπ0, (32)
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or in matrix form, lagging variables one period:[
πt

pt−1

]
=

[
θ − 1+ ξa θ − 1

1 1

][
πt−1
pt−2

]
+

[
θyt−1 − yt − ξaπ0

0

]
. (33)

The characteristic polynomial is:

Φ(µ) = ξa(1− µ) + µ(µ − θ). (34)

We have one predetermined variable (the past price) and one non predetermin
flation). So there will be a determinate solution if the polynomialΦ(µ) has one root o
modulus smaller than 1, and the other greater than 1. So we compute:

Φ(0) = ξa � 0, (35)

Φ(1) = 1− θ. (36)

Since furthermoreΦ(µ) goes to infinity whenµ goes to infinity, we see that, ifθ > 1,
we have one root between zero and one, and the other greater than one. Soθ > 1 is again
a sufficient condition for determinacy, and whethera is above or below 1 is not importan
anymore.

7. Economic interpretations

We just found that prices will be determined ifn > 0 and condition (26), i.e.θ > 1, is
satisfied. This holds both for an interest rate peg and for a Taylor rule like (18). S
time to give a few economic interpretations. There are actually several aspects.

7.1. The Pigou, or real balance effect

When one looks at the dynamic equations (12) and (15), it appears clearly that a
that drives most of the results is the presence of accumulated financial assetsΩt in the
dynamic equations. This is indeed a “nominal anchor,” which is instrumental in tying d
the value of prices. This presence of accumulated financial assets in various beh
equations, and notably in the consumption function, has a history in the literature
the names of “Pigou effect” (Pigou, 1943, 1947) or “real balance effect” (Patinkin, 19

Why, in a world of rational expectations, does this Pigou effect occur whenn > 0, and
not for n = 0, has been very well explained by Weil (1991). Because of the intertem
government budget constraint, whenn = 0 the value of financial assets is exactly match
by discounted future tax liabilities, so that the effect on intertemporal wealth is zero.
if insteadn > 0, part of future taxes will be paid by yet unborn generations, so that pa
Ωt represents real wealth for the households alive.

7.2. Determinacy and the return on financial assets

Now n > 0 creates a real balance effect. But this not the end of the story. Clearl

effect will be really operative only if the agents actually want to hold money and financial
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assets. And this is where condition (26) comes in. In order to interpret it, let us rewrit
under the following form:

ζ(1+ n)(1+ i0) >
ζ

β
. (37)

The left-hand side is the real rate of return on bonds. Indeed sincePtYt = Xt is constant,
and real resources grow at the rateζ(1+ n), in the steady state prices decrease at the
ζ(1+ n), and therefore the real rate of interest isζ(1+ n)(1+ i0).

Now ζ/β on the right-hand side of (37) is the real rate of return that would preva
an economy with a single dynasty, a discount rateβ, and where resources per head gr
at the rateζ (formula (7)). This is sometimes called the “autarkic” rate of return.

So conditions (26) or (37) essentially say that the real rate of return of bonds
be superior to the autarkic rate of return. We see that the above condition is very
similar to that found by Wallace (1980) for the viability of money in the traditional Sam
sonian (1958) overlapping generations model. There is an important difference, thou
Wallace (1980) the only financial store of value is money, so the rate of return con
concerns the return on money. Here this condition concerns the return on bonds, a
cordingly the nominal interest rate plays an important role.

7.3. Suboptimality, price determinacy and the value of money

A theme that appears in the literature (and which is related to the previous one)
money is valuable, and prices determinate, when the economy without money is
suboptimal. This is notably studied in Wallace (1980) in the framework of the tradit
Samuelsonian (1958) OLG model. Then, if the quantity of money stays constant, m
will be valued and prices determinate if the “autarkic” equilibrium without money is Pa
suboptimal.

Here the relation between the suboptimality of the autarkic equilibrium and pric
terminacy becomes somewhat less clearcut. Indeed the condition for Pareto subop
of the autarkic equilibrium, is10 β(1 + n) > 1. Now the condition for price determinac
is β(1 + n)(1 + i0) > 1, so the two conditions are not the same. In particular the a
inequalities suggest that there are cases where the autarkic equilibrium is Pareto
and nevertheless prices are determinate. This will occur when:

β(1+ n) < 1 and β(1+ n)(1+ i0) > 1. (38)

One can also find cases (Section 9 below) where the autarkic equilibrium is P
suboptimal, and prices nevertheless are not determinate.

So, although there is a clear conceptual connection between the two, there is no
to one relationship between suboptimality and price determinacy.

10 This is derived in Weil (1989) for the continuous time version of the model. A direct proof for the dis

time version we use here is available from the author.
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7.4. A discontinuity

A particularly striking aspect of the results is the discontinuity in the determinacy
ditions that arises when going fromn = 0 to n > 0. An intuition is the following: just
as OLG type models, the version of the Weil model we use in this article has 2 typ
long-run equilibria:

(a) the ones where financial assets have positive real value (these are the ones st
this article), and

(b) the ones where financial assets have zero real value (Ωt/Pt = 0).

There should be a continuity result between the Ricardian model and the equilib
type (b) because they have a similar structure.11 But such is not the case for the equilibr
of type (a), so that the discontinuity needs not surprise us in this case.

8. The Taylor principle with a Phillips curve

So far we have studied the issue of price determinacy under the assumption
market clearing. But the issue of price determinacy under interest rate rules has be
often studied in models with non clearing markets where output is demand determin
prices adjust partially according to a forward looking “Phillips curve” of the type:

πt = 1

α
Etπt+1 + δyt , α > 1, δ > 0. (39)

We want to show now that the results we obtained above in a Walrasian economy
to this framework as well.

Phillips curves such as (39) are most often derived from a framework of contrac
Calvo (1983).12 Clearly the rigorous derivation of such a Phillips curve in our sett
would take us much too far.13 So we shall simply take the Phillips curve (39) as giv
and show that going from a Ricardian to a non-Ricardian framework leads again to
changes.

Again, the monetary authority uses an interest rate rule of the Taylor type:

it − i0 = a(πt − π0). (40)

In order to better highlight the differences, let us now begin with the Ricardian ve
of the model.

11 In fact they have the same central dynamic equation. Compare Eq. (15) withΩ/Pt = 0 and Eq. (16).
12 They can be also derived from a model with convex costs of changing prices. See Rotemberg (1987
early derivation under both interpretations.
13 Note indeed that, besides overlapping contracts, we have an infinity of households with different m
utilities of income. Also the purpose of this article is to show that considering a non-Ricardian world le
dramatic changes in the determinacy conditions. This point is made more clearly if we use the same

rigidity in both cases.
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8.1. The Ricardian case

Output is now endogenous. Since it is demand determined, Eq. (16) is still valid.
linearizing it we obtain:

yt+1 = yt + Logβ + (it − πt+1). (41)

Combining this with the interest rule (40) yields:

yt+1 = yt + Logβ + i0 + a(πt − π0) − πt+1. (42)

Equations (39) and (42) are rewritten, replacingEtπt+1 by πt+1, since the model is
deterministic:

πt+1 = α(πt − δyt ), (43)

yt+1 = (1+ αδ)yt + (a − α)πt + Logβ + i0 − aπ0. (44)

This is written under matrix form:[
yt

πt

]
=

[
1+ αδ a − α

−αδ α

][
yt−1
πt−1

]
+

[
Logβ + i0 − aπ0

0

]
. (45)

The characteristic polynomial is:

Φ(µ) = (µ − 1)(µ − α) + αδ(a − µ), (46)

Φ(0) = α(1+ δa) > 0, (47)

Φ(1) = αδ(a − 1). (48)

If a < 1, we have one root between 0 and 1. Since neitheryt andπt are predetermined
this means that we have indeterminacy. On the other hand, ifa > 1 the two roots have mod
ulus greater than 1, and we have determinacy. We thus find again that the Taylor pr
holds in this Ricardian framework.

8.2. The non-Ricardian case

Let us now move to the non-Ricardian economy. Equation (15) still holds. Logline
ing it, we find that output, inflation and prices are linked by the following equation:

yt+1 + pt+1 = θ(yt + pt ) + ξ(it − i0) (49)

where the values ofθ andξ are given in Eq. (29). We now expressyt+1, πt+1 andpt as a
function of the corresponding lagged variables:

pt = πt + pt−1, (50)

πt+1 = α(πt − δyt ), (51)

yt+1 = (αδ + θ)yt + (ξa − α + θ − 1)πt + (θ − 1)pt−1 − ξaπ0, (52)

or in matrix form (omitting the constants):[
yt

πt

]
=

[
αδ + θ ξa − α + θ − 1 θ − 1
−αδ α 0

][
yt−1
πt−1

]
. (53)
pt−1 0 1 1 pt−2



662 J.-P. Bénassy / Review of Economic Dynamics 8 (2005) 651–667

is
put and
f

the
ing
gative

o

ts of
e price

stead
nsions

ce,
ely we

we

prop-
n

The characteristic polynomial is:

Φ(µ) = (1− µ)(α − µ)(θ − µ) + αδξa(1− µ) + αδµ(µ − θ). (54)

We shall now show thatθ > 1 is again a sufficient condition for determinacy. There
one predetermined variable (the past price) and two non predetermined ones (out
inflation). So there will be a determinate solution if the polynomialΦ(µ) has one root o
modulus smaller than 1, and two roots of modulus greater than 1. Let us compute:

Φ(0) = α(θ + δξa) > 0, (55)

Φ(1) = αδ(1− θ). (56)

So there is, assumingθ > 1, one root between zero and one. Now the product of
three roots isΦ(0) = α(θ + δξa) > 1. So the only possible case where the two remain
roots would not be of modulus greater than 1 would be that where we have two ne
roots, one smaller than−1, one greater. In that case we would haveΦ(−1) < 0. This
means that, together withθ > 1, Φ(−1) > 0 is a sufficient condition for determinacy. S
we compute:

Φ(−1) = 2(1+ α)(1+ θ) + 2αδξa + αδ(1+ θ) > 0. (57)

To summarize, ifθ > 1, we have one root between zero and one, and two roo
modulus greater than one, so that the inflation rate is determinate, and thus so is th
level.

9. Variable government liabilities

We shall now study a generalization of the fiscal policy (13) and assume that, in
of balancing the budget, the government engineers through taxes proportional expa
(or reductions) of its financial liabilitiesΩt (such an experiment was studied in Walla
1980), and we shall see how this affects the conditions for determinacy. More precis
shall assume taxes of the form:

PtTt = itBt + ρΩt , ρ < 1. (58)

As a result the evolution ofΩt is given by:

Ωt+1 = (1− ρ)Ωt . (59)

Most of the analysis seen previously is still valid, and in particular Eq. (12) which
recall here:

Pt+1Yt+1 = β(1+ n)(1+ it )PtYt − (1− β)nΩt+1. (60)

The dynamic system consists of Eqs. (59) and (60). In view of the homogeneity
erties, this is actually a system inPt/Ωt andYt . Using (59), Eq. (60) can be rewritte
as:

Pt+1Yt+1 β(1+ n)(1+ it ) PtYt
Ωt+1
=

1− ρ Ωt

− (1− β)n. (61)
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We can first study the determinacy conditions for a pure interest rate pegit = i0. Insert-
ing this into (61), we see that the condition for determinacy is:

β(1+ n)(1+ i0) > 1− ρ, (62)

or θ > 1− ρ. We may first note that this equation has an interpretation very similar to
of Eq. (26) that we saw before. Indeed it can be rewritten as:

ζ(1+ n)(1+ i0)

1− ρ
>

ζ

β
. (63)

Since nominal assets are growing at the rate 1− ρ, the long-run rate of inflation i
(1−ρ)(1+n)/ζ , so that the left-hand side is the real rate of return on financial asset
the rest of the intuition given in Section 7.2 continues to hold.

We shall now see that the “expanded” condition (62) is actually sufficient for dete
nacy in all the non-Ricardian cases we have been considering in Sections 6 and 8
indeed loglinearize Eq. (61). We obtain:

pt+1 + yt+1 − ωt+1 = θ

1− ρ
(pt + yt − ωt) + ξa

1− ρ
(πt − π0) (64)

whereθ andξ are the same as in (29). We see that all the analysis we carried in the pr
sections will be valid provided we replacept by pt − ωt and the parametersθ andξ by
θ/(1− ρ) andξ/(1− ρ) respectively.

Now we should note two things about condition (62). The first is that it shows
clearly the tradeoffs faced by the government on fiscal and monetary policy. Indeed
fiscal policy (highρ) allows to lead a less rigorous monetary policy (lowi0), and the othe
way around.

The consideration of policies such as (58) also weakens the link between price
minacy and suboptimality. For example this introduces the possibility that the au
equilibrium is Pareto suboptimal, and prices nevertheless are not determinate (th
occur for negative enoughρ). This point was already made in Wallace (1980).

10. Conclusions

We have seen that going from a Ricardian to a non-Ricardian framework change
matically the conditions for price determinacy under interest rate rules. It is usually
in a Ricardian framework that interest rate pegging leads to nominal indeterminac
that a more than one to one response of interest rates to inflation leads to price d
nacy.

We found instead that a strong response of the interest rate rule to inflation is no
essary for price determinacy, which can be achieved even under an interest rate p
identified sufficient conditions for determinacy (conditions (26) or (62)), which exp
that the real rate of return on nominal assets must be superior to the real rate of
that would prevail in the corresponding economy without financial assets. This con
ensures that agents will be actually willing to hold money and financial assets in the
run, obviously a critical condition if one wants money to have value, and prices to b

terminate.
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All the determinacy results in this article have been obtained using the Blanchard–
(1980) criterion, which is the standard criterion in this domain. Less common criteria
possibly have been used. For example, Bénassy (2000) studied a model of interest
similar to that of Section 5 with a determinacy criterion based on transversality cond
whereby prices are said to be determinate if only one trajectory satisfies the transve
conditions of the model. The determinacy conditions so obtained turn out to be ver
to conditions encountered in the fiscal theory of the price level. In particular to ac
determinacy the government should somehow pursue “explosive” fiscal policies. T
clearly not a policy one would recommend and this may cast some doubts on the ad
of using that criterion in monetary environments like this one. The determinacy cond
we found in this article (like condition (26) for an interest rate peg) are clearly much
reasonable, which is why we used the Blanchard–Kahn criterion, like most writers i
field do.
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Appendix A

A.1. Derivation of Eq. (12)

We shall derive in this appendix the dynamic equation (12). Consider the house
budget equation (4). We assume thatit is strictly positive, so the household will alwa
want to satisfy the “cash in advance” equation exactly. We thus havemjt = Ptcjt and the
budget constraint is rewritten as:

ωjt+1 = (1+ it )ωjt + Ptyt − Ptτt − (1+ it )Pt cjt . (65)

In what follows we shall repeatedly aggregate discounted values. It is conveni
compute in monetary terms, and we shall thus use the following discount factors:

Rt =
t−1∏
s=0

1

1+ is
, R0 = 1. (66)

Applying the discount factors (66) to the budget constraint (65), it becomes:

Rs+1ωjs+1 = Rsωjs + Rs+1Ps(ys − τs) − RsPscjs . (67)

If we now aggregate all budget constraints (67) from timet to infinity, and assume tha
Rsωjs goes to zero ass goes to infinity (this is the usual transversality condition),
obtain the intertemporal budget constraint of the household:

∞∑
R P c = R ω +

∞∑
R P (y − τ ). (68)
s=t

s s js t j t

s=t

s+1 s s s
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(68)

p-

quation
Now, maximizing utility function (1) subject to the intertemporal budget constraint
yields the following consumption function for a householdj :

RtPtcjt = (1− β)

[
Rtωjt +

∞∑
s=t

Rs+1Ps(ys − τs)

]
. (69)

Summing this across theNt agents alive in periodt , we obtain the aggregate consum
tion Ct :

RtPtCt = (1− β)

[
RtΩt + Nt

∞∑
s=t

Rs+1Ps(ys − τs)

]
. (70)

In equilibrium we haveCt = Yt , so the equilibrium equation is:

RtPtYt = (1− β)

[
RtΩt + Nt

∞∑
s=t

Rs+1Ps(ys − τs)

]
. (71)

Let us divide both sides byNt and useYt = Ntyt :

RtPtyt = (1− β)

[
RtΩt

Nt

+
∞∑
s=t

Rs+1Ps(ys − τs)

]
. (72)

Let us rewrite this equation fort + 1 and subtract it from (72). We obtain:

RtPtyt − Rt+1Pt+1yt+1 = (1− β)

[
RtΩt

Nt

− Rt+1Ωt+1

Nt+1
+ Rt+1Pt (yt − τt )

]
. (73)

Now, let us multiply the government’s budget equation (8) byRt+1/Nt :

RtΩt

Nt

= Rt+1Ωt+1

Nt

+ Rt+1Ptτt + (Rt − Rt+1)Ptyt . (74)

Insert this into Eq. (73):

Rt+1Pt+1yt+1 = βRtPtyt − (1− β)

(
1

Nt

− 1

Nt+1

)
Rt+1Ωt+1 (75)

and multiplying byNt+1/Rt+1:

Pt+1Yt+1 = β
Nt+1

Nt

(1+ it )PtYt − (1− β)

(
Nt+1

Nt

− 1

)
Ωt+1. (76)

Assuming finallyNt+1/Nt = 1+ n, we obtain:

Pt+1Yt+1 = β(1+ n)(1+ it )PtYt − (1− β)nΩt+1 (77)

which is Eq. (12).

A.2. Interest rate pegging with variable interest rates

We shall consider here the case where the pegged interest rate can vary in time. E
(25) is replaced by:
Xt+1 = β(1+ n)(1+ it )Xt − (1− β)nΩ. (78)
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This can be rewritten as:

Xt = Xt+1 + (1− β)nΩ

β(1+ n)(1+ it )
. (79)

A sufficient condition for determinacy is:

β(1+ n)(1+ it ) > 1. (80)

Using the discount factors (66), Eq. (79) can be rewritten as:

Xt = Rt+1

Rt

Xt+1 + (1− β)nΩ

β(1+ n)
. (81)

If condition (80) is satisfied, this can be integrated forward:

Xt = (1− β)nΩ

Rt

∞∑
i=1

Rt+i

βi(1+ n)i
. (82)
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