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1 Introduction

The importance of forward-looking monetary policy has long been emphasized by researchers.
The need to conduct monetary policy in a forward-looking, or preemptive manner, arises
primarily because of the widely documented long and variable time lag after which a mon-
etary policy action takes effect in the economy (Friedman, 1968). But it has also been
theoretically rationalized on the grounds of central bank credibility, in order to anchor and
manage private-sector expectations (see, e.g., Svensson, 1997; Batini and Haldane, 1999).
Such benefits have not been overlooked by policymakers. Empirical evidence suggests that
many central banks set the nominal interest rate in response to expected future inflation
(see, e.g., Clarida et al., 1998, 2000; Orphanides, 2001, 2004; Mihailov, 2006). Indeed the
popularity of conducting monetary policy in this way is such that now “forward-looking
inflation targeting has become a defining characteristic of monetary policymaking world-
wide” (Huang et al., 2009, p.409).

A key issue in the design of such forward-looking monetary policy then, when opera-
tionalized via simple feedback rules, is that the particular interest-rate feedback rule adopted

by a central bank should ensure a determinate equilibrium.’

That is, monetary policy
should be designed to avoid generating real indeterminacy which can destabilize the econ-
omy through the emergence of sunspot equilibria and self-fulfilling expectations that result
in large reductions in the welfare of the economy.? It has been well established in the New
Keynesian (or Neo-Wickesllian) literature that under the Taylor principle, i.e. a policy that
adjusts the nominal interest rate by proportionally more than the increase in inflation, a
central bank can easily prevent the emergence of indeterminacy, provided it is not overly
aggressive in its response to expected future inflation; or alternatively, by also including
contemporaneous output into the feedback rule (see, e.g., Bernanke and Woodford, 1997;

Clarida et al., 2000; Woodford, 2003). Recent studies have considered whether such policies

are also consistent with equilibrium determinacy in open economies.?> Among other things,

1We focus on simple feedback rules and not on optimal targeting rules. For a discussion on the benefits
of considering simple feedback rules see, e.g., Taylor (1993), Batini and Haldane (1999), Woodford (2001),
Svensson (2003). For a study of optimal targeting rules in a two-country model of a similar kind to ours,
see, e.g., Benigno and Benigno (2006).

2By real indeterminacy we mean that there exists a continuum of equilibrium paths, starting from the same
initial conditions, which converge to the steady state. Our attention rests solely with the consideration of
local (real) determinacy as opposed to global determinacy. For further discussion of these issues see Clarida
et al. (2000), Carlstrom and Fuerst (2001), Benhabib et al. (2002), Woodford (2003), Cochrane (2011).

3See, e.g., Zanna (2003), Batini et al. (2004), De Fiore and Liu (2005), Linnemann and Schabert (2006),



this literature has found that the Taylor principle may not be as effective in preventing in-
determinacy in open economies if the central bank reacts to expected future consumer-price
inflation, rather than expected future domestic-price inflation (see, e.g., Linnemann and
Schabert, 2006; Llosa and Tuesta, 2008; Leith and Wren-Lewis, 2009; McKnight, 2011b).
By reacting to consumer-price inflation, the Taylor principle now becomes constrained by
the economy’s degree of openness to international trade.

However, a general criticism of the above literature is the notable absence of monetary
aggregates from the determinacy analysis.* When the nominal interest rate is the monetary
policy instrument, money demand plays no role for equilibrium determination. Therefore,
the transmission mechanism of monetary policy operates entirely through an aggregate
demand channel: changes in the nominal interest rate affect output, via changes in the
real interest rate, which results in a change in inflation via a New Keynesian version of
the Phillips curve.® Yet, there are strong intuitive reasons for considering the real balance
effects of money and their role in the monetary transmission mechanism. Since the classical
works of Von Haberler (1937), de Scitovszky (1941), Pigou (1941, 1943) and Patinkin (1949,
1956), it has long been suggested that changes in real money balances can affect consumption
and output, through changes in individual wealth. Another real balance effect of money
arises from facilitating transactions services. As stressed by Woodford (2003), if money is
considered to provide transaction services then the benefits of this service should be related
to the individual’s volume of transactions. Empirical estimates suggest that such effects,
while small, are found to exist in the data.’

This paper considers the robustness of the Taylor principle under forward-looking in-
flation feedback rules when real balance effects of transactions services are explicitly mod-
eled. Following Woodford (2003) and Kurozumi (2006), these effects are introduced via a
money-in-the-utility-function (MIUF) set-up where consumption and real money balances

enter non-separably.” Now there is an additional monetary transmission mechanism where

Llosa and Tuesta (2008), Leith and Wren-Lewis (2009), Bullard and Schaling (2009), McKnight (2011a,
2011b).

4These studies either assume a cashless economy or adopt a money-in-the-utility function model with sepa-
rable preferences.

5In the open economy there is an additional monetary transmission channel that arises through changes in
the terms of trade. Now changes in the nominal interest rate also affect output (and thus inflation) via an
expenditure switching effect towards/away from foreign goods.

6See, e.g., Woodford (2003) and Ireland (2004) using US data, Andrés et al. (2006) using Euro-zone data,
and Kremer et al. (2003) using German data.

7 Alternatively, Andrés et al. (2009) generate real balance effects through the introduction of portfolio



changes in the nominal interest rate result in changes in the demand for money, which
affects the output and pricing decisions of firms, via changes in the real marginal cost of
production.® The analysis examines whether empirically realistic real balance effects can
have important implications for determinacy of the rational expectations equilibrium in
both closed and open economies. We begin by showing that, for closed economies, the
presence of real balance effects significantly increases the severity of indeterminacy under
the Taylor principle. This is first demonstrated for interest rate feedback rules that set the
nominal interest rate in response solely to expected future inflation, and then shown to be
robust when future, or contemporaneous, output is also incorporated into the feedback rule.
Next, we investigate the determinacy implications of real balance effects for open economies,
where the feedback rule can respond to either domestic-price or consumer-price inflation.
Consistent with the empirical studies of Clarida et al. (1998, 2000), Orphanides (2004)
and Mihailov (2006), we focus our attention on a feedback rule that reacts to expected
future inflation and contemporaneous output. In general we find that in the presence of
real balance effects the problem of indeterminacy is more severe for open economies than
closed economies. When the indicator of inflation used in the policy rule is domestic-price
inflation we find that the range of indeterminacy can increase as the degree of trade open-
ness decreases. However, by reacting to consumer-price inflation, not only does the range of
indeterminacy increase sizeably, relative to domestic-price inflation feedback rules, but the
range of indeterminacy is now increasing with respect to the degree of trade openness. In
contrast to the existing literature (e.g. Linnemann and Schabert, 2006; McKnight, 2011a) it
is further shown that reacting to movements in the real exchange rate does little to mitigate
the range of indeterminacy induced.

Overall our analysis suggests two key policy implications. First, real balance effects
exert a destabilizing effect on the rational expectations equilibrium when monetary policy
is governed by a forward-looking interest rate rule. Since the prevention of indeterminacy is
an important issue, our analysis suggests that central banks have a difficult task of neither
being too cautious, nor too aggressive in changing the nominal interest rate in response to

expected changes in future inflation and output. Secondly, our analysis provides further

adjustment costs (in terms of real money balances).
8In the open economy, changes in money demand have an additional effect, since changes in real marginal
cost result in changes in the terms of trade, via the expenditure switching effect.



evidence that central banks should use domestic-price inflation rather than consumer-price
inflation in the conduct of monetary policy. Our analysis supports a number of recent
studies that have argued against the current choice of the consumer-price index as the
indicator of inflation used in the feedback rule. While reacting to domestic-price inflation
cannot eliminate the indeterminacy problem in the presence of real balance effects, it does
help to reduce its potential severity.

Our paper contributes to a small literature that has been studying the implications for
equilibrium determinacy when the real balance effects of transactions services are introduced
through the assumption of non-separability of the utility function (between consumption
and real money balances). Among other things, Benhabib et al. (2001) show that non-
separability has no implications for determinacy using a continuous-time MIUF model.
Using a discrete-time MIUF model, Schabert and Stoltenberg (2005) find that in general
the determinacy conditions are independent of the magnitude of real balance effects, and
this result is robust regardless of whether prices are assumed to be flexible or sticky or
monetary policy is conducted using an interest rate rule or a (constant) money growth
policy rule. However, Kurozumi (2006) shows that real balance effects can be destabilizing
if the policy rule responds, in addition to current inflation, also to current output.® For
a similar feedback rule Piergallini (2006) finds that when consumers are assumed to be
finite-lived then real balance effects could actually have a stabilizing effect on the rational
expectations equilibrium. While our approach has many similarities with this literature,
there are two key differences. First of all, the existing literature examines real balance
effects under contemporaneous interest-rate rules. McCallum (1999) among others has
questioned whether such rules are even implementable in practice. This paper therefore
addresses an important gap in the literature. We examine the determinacy implications
of real balance effects under implementable, forward-looking, feedback rules, which are
empirically motivated and thus critical to study. Secondly, we also consider the determinacy
implications of real balance effects for the open economy. For many central banks, this is a

highly significant issue in the design of interest-rate policy, given the large and increasing

9Kurozumi (2006) also finds that transaction frictions can play an important role in inducing indeterminacy.
By extending the analysis of Carlstrom and Fuerst (2001) to allow for real balance effects, he shows that
different timing assumptions on how money balances enter the utility function can alter the conditions for
determinacy. A similar point is also made by Schabert and Stoltenberg (2005).



trade share of many inflation-targeting countries (De Fiore and Liu, 2005).1°

The remainder of the paper is organized as follows. Section 2 outlines the model and
Section 3 derives the linearized equilibrium system. The determinacy analysis for closed
economies is addressed in Section 4. Section 5 derives the conditions for determinacy in an

open-economy context. Finally, Section 6 concludes.

2 Model

The model is a two-country extension of the Neo-Wicksellian MIUF model employed by
Woodford (2003) and Kurozumi (2006) for the closed economy. Within each country there
exists a representative infinitely-lived household, a representative final-good producer, a
continuum of intermediate-goods producing firms, and a monetary authority. Real balance
effects are introduced by assuming that the utility function of the representative house-
hold is non-separable between consumption and real money balances. The representative
final-good producer is a competitive firm that bundles domestic and imported intermediate
goods into non-tradeable final goods. Intermediate-goods firms operate under monopolistic
competition and set prices in a staggered fashion according to Calvo (1983). Monetary pol-
icy is governed by a Taylor rule where the nominal interest rate reacts to expected future
inflation. In line with the recent literature, we assume that the law of one price holds, finan-
cial markets are complete and that the degree of trade openness is proxied by the inverse
of home bias in preferences for traded inputs. Preferences and technologies are symmetric
across the two countries. We present the features of the model for the home country on the
understanding that the foreign case can be analogously derived, where an asterisk denotes

foreign variables.

10De Fiore and Liu (2005) study the determinacy implications of feedback rules for small open economies in the
presence of transactions frictions represented by a cash-in-advance constraint. However in stark contrast to
this analysis, they do not consider the role of transactions services, the importance of domestic-price versus
consumer-price inflation, nor the role of output response in the feedback rule.



2.1 Final-Goods Sector

The home final good (Z) is produced by a competitive firm that uses domestic (Zg) and

imported (Zr) intermediate goods as inputs according to the aggregation technology index:

‘]

1 61 1 _6-17%9-1
Zi=labz,f, + (1 —a)h 2,5 |7 1)

1 oy 7T 1 oy 17T
Ty = [ e dz] . Zpi= [ e dg} , 2)
0 0

where 2z (1) and zp(j) are the respective quantities of the domestic and imported type i and
j intermediate goods. The parameter 6 > 0 represents the constant elasticity of substitution
between aggregate home and foreign intermediate goods, 0.5 < a < 1 captures the degree of
home bias towards domestic intermediate goods and ¢ > 1 is the elasticity of substitution
across individual home (foreign) intermediate goods.

Let py (i) and pp(j) represent the respective prices of z (i) and zp(j) in home currency.
Cost minimization in final good production yields the aggregate demand conditions for home

and foreign goods:

—9 —9
P, P
Zyr=a ( gt> Zy, Zri=(1-a) <ﬂ> Zy, (3)

t

where the demand for individual goods is given by

zm (i) = (%)‘“’ ZH t zri(j) = (%)‘“’ ZFt. (4)

Since the final good producer is competitive, its price is equal to marginal cost:

1

P = [aPi + (1= a)PE"| (5)

where P is the consumer price index and Py and Pr are the respective price indices of

home and foreign intermediate goods, all denominated in home currency

1 1

1 i—p 1 i—o
Pue= | [ va] T peo= | [t (6)
0 0



We assume that there are no costs to trade between the two countries and the law of one

price holds, which implies that
PH,t = StP;I,tv P;‘,t == (7)

where S is the nominal exchange rate. Letting @ = STI?* denote the real exchange rate,

under the law of one price the CPI index (5) and its foreign equivalent imply:

< 1 )19 _ < P >1" _aPy+(1-a) (S:P) " .

0. * 1—6 :
@ SeFy a (StP;,t) +(1- Q)Pllijte

Hence, with home bias between intermediate goods (i.e. a > 0.5), the purchasing power
parity (PPP) condition fails to hold. The relative price of foreign goods in terms of home

goods, or the (home) terms of trade T, is defined as T = %.

2.2 Intermediate-Goods Sector

Intermediate-sector firms hire labor h to produce output given a real wage rate w;. A firm

of type i has a linear production technology

Ye(1) = hae(d), (9)

and given competitive prices of labor, cost minimization yields

P,
Py’

(10)

mcy = W

where mc; = ]gHC: is real marginal cost. Intermediate-sector firms set prices according to
Calvo (1983), where in each period there is a constant probability 1 — v that a firm will
be randomly selected to adjust its price, which is drawn independently of past history. A

domestic firm 4, faced with changing its price at time ¢, has to choose pg (i) to maximize

its expected discounted value of profits, taking as given the indexes P, Py, Pr, Z and Z*:

nax B (B Xeavs {pra(i) = MCoyo(0)] (21,045 (8) + 251445 (D)] } (11)
N s=0



where

, * N pH,t(Z) I *
ZH,t-i—s(z) + ZH,t—i—s(Z) = m [ZH,H-S + ZH,t—i—s]’

and the firm’s stochastic discount factor used to value random date t+s payoffs is 8° X ;s =
[Uc(Crys,mits)/Uc(Cyymy)|(Py/Piys).tt Firms that are given the opportunity to change
their price, at a particular time, all behave in an identical manner. The optimization

condition to the firm’s maximization problem yields

0 Eid> o o(BY)° XitrsPh iy s (Zrpes + Z;I,t+s) MCiys

Py =
-1 E Yoo (BY)* Xt 4 s Py oy (ZH,t+s + Z}})HS)

(12)
The optimal price set is a mark-up % over a weighted average of future nominal marginal

costs.

2.3 Representative Household

The representative household chooses real consumption C, domestic real money balances

m = M/P, and labor h to maximize expected discounted utility:'2

- M,
ma'XEO ZﬂtU <Ct7 Fta ht> )
t

t=0

where the discount factor is 0 < 8 < 1, subject to the period budget constraint
1
Ef{Ty 141} Bey1 + My + P.Cy < By + M1 + Powehy + / I, (4)d(i) + Y. (13)
0

The household carries M;_1 units of money and B; units of nominal bonds into period t.
Before proceeding to the goods market, the household visits the financial market where
a state-contingent nominal bond B;;; can be purchased that pays one unit of domestic
currency in period ¢ + 1 if a specific state is realized at a period ¢ price I'y 441. During
period t the household supplies labor to the intermediate-sector firms receiving real income

from wages wy, nominal profits from the ownership of domestic intermediate-sector firms

1 The assumption that all firms are owned by the representative household implies that the firm’s stochastic
discount factor is equivalent to the household’s intertemporal marginal rate of substitution.

12To facilitate comparison with the vast majority of the existing literature, we adopt the traditional conven-
tion that end-of-period real money balances enter the utility function. Assuming an alternative timing-
assumption on money could have important consequences for equilibrium determinacy, as discussed by
Carlstrom and Fuerst (2001), Kurozumi (2006), and McKnight (2011b).



IT; and a lump-sum (net) nominal transfer Y; from the monetary authority. The household
then uses these resources to purchase the final good.
The period utility function is assumed to be non-separable between consumption and

real money balances but additively separable with respect to labor:'3

U(Cym,h) =u(Cyymy) —ov(he). (14)

The first-order conditions from the home household’s maximization problem yield:

Ue (Cog1, Mig1) } ue (Cp,my) 1
FE = — 15
P { Prs F R 1)
Um, (Ct, mt) Rt -1
16
(Ctamt) R ( )
Up, (I’Lt) o
Uc (Ctamt) - (17)

where R; denotes the gross nominal yield on a one-period discount bond defined as R, =
Ei{T't1+1}. Equation (15) is the consumption Euler equation, (16) defines the money
demand function, and (17) determines labor supply. Optimizing behavior further implies
that the budget constraint (13) holds with equality in each period and the appropriate
transversality condition is satisfied. Analogous conditions apply to the foreign household.

Letting I';,,; denote the price of the foreign country’s state-contingent bonds then

no-arbitrage implies

S,
R, = R'E; { ;*1 } , (18)
t

where (R})™! = E{I'},,,}. Equation (18) is the standard uncovered interest rate parity
(UIP) condition. Equation (15), its foreign equivalent and the UIP condition (18) conse-
quently imply

ue (CF, my)
= qo et ™e) 19
Qt qo0 UC(Ot,mt) ) ( )

which follows from the assumption of complete asset markets, where the constant gy =
Q uc(Co,mo)
0| o= (Cymy) |*

13As is standard, we assume that w(C,m) is concave and strictly increasing in each argument and both

consumption and real money balances are normal goods. It is further assumed that v(h), the disutility of
labor supply, is an increasing, convex function.

10



2.4 Monetary Authority

Motivated by the empirical studies of Clarida et al. (1998, 2000), Orphanides (2004) and
Mihailov (2006), monetary policy is specified as a Taylor-type rule in which the nominal
interest rate is a function of expected future inflation and current or expected future output.
The monetary authority can adjust the (gross) nominal interest rate in response to changes
in domestic-price inflation (PPI) w7 or to changes in consumer-price inflation (CPI) 7,

according to the rules:

R =T ( t‘[;fu})#” (Et{;-i-k})uy  R-R (Et{;tﬂ})““ (Et{;-‘rk})Hy . (20)

where R and Y respectively denote the steady state nominal interest rate and steady state

output, and where pr >0, py, > 0 and £ =0, 1.

2.5 Market Clearing and Equilibrium

Market clearing for the home intermediate-goods market requires

ZH,t + Z}F—[_’t - }/t (21)

Total home demand must equal the supply of the final good,

Z, = Cy, (22)

and the labor market, the money market

T, =M, — M, 4, (23)

and the bond market all clear

By + B =0. (24)

Definition 1 (Rational-Expectations Equilibrium): Given an initial allocation of By, By,
and My, 1, M, a rational-expectations equilibrium is a set of sequences {Cy, Cf, My,

Mi;kv h’tv h’ra Bta B;‘a Rt7 Rra Fta Fra MOt7 Mct*v Wy, w?v }/tv }/t*a St7 Qt7 Pta Pt*a PH,t;

11



Pf o Pri, Pryy Zty Zf5 Zaw, Zrgs Zipygs Ziy} for all t > to characterized by: (i) the
optimality conditions of the representative household, (15) to (17), the budget constraint
(13) is satisfied and the transversality condition holds; (if) cost-minimization (10), and
price-setting behavior of intermediate-sector firms (12), and the aggregate version of the
production function (9); (4i¢) the final good producer’s optimality conditions, (3) and (5);
(i) all markets clear, (21) to (24); (v) the monetary policy rule is satisfied (20); along with

the foreign counterparts for (i)-(v) and conditions (7), (8), (18) and (19).

3 Local Equilibrium Dynamics

3.1 Linearized Model

As is common in the literature, the model is log-linearized around a zero-inflation symmetric
steady state. In what follows, all hatted variables denote percentage deviations from the

steady state. Linearizing (15) yields the IS equation for the home country:
ét = EtétJrl — 0 [ﬁt — Etﬁt+1 + X (EtmtJrl — T/)’\lt):| (25)

where 0 = —u./u..C > 0 is the intertemporal elasticity of substitution in consumption,
and Y = Muem/ue is the degree of non-separability between consumption and real money
balances. For analytical tractability the ensuing analysis follows Kurozumi (2006) in im-

posing;:
Assumption 1 0 < x < (nco)_l S0<1l-nox=0Q<1,
which as discussed in Section 3.2 below is of most empirical relevance.
Linearizing the price-setting equation (12) yields the AS equation for the home country:

7 = BEFE, + Mme (26)

where A = w > (0 is the real marginal cost elasticity of inflation and real marginal
cost is given by:

~

_ 5 14 .
mey = wYy + ;Ct —xmt + (1 —a)Ty (27)

12



after combining the linearized versions of (5), (9), (10) and (17), where w = hvpp, /vp, > 0
is the output elasticity of real marginal cost. Domestic output follows from the linearized
versions of (3), (5), their foreign equivalents and the market clearing conditions (21) and
(22):

Y; = 2a0(1 — a)T; + aCy + (1 — a)C}. (28)

Linearizing equation (16) yields the LM equation
my = ncat - nRIAIt (29)

where 7.,z > 0 are the income elasticity and interest rate semi-elasticity of money demand,

which are defined as follows:

_o 49 ( Ié] )( 1 >
nC_X'i‘U;Ll’ R = 1_ﬁ X+0-777,1 )

= —MUmm tUm, O = Cpe/Um and Y = 5,0, where s, = M, /u.C, with all

—1
where o,

partial derivatives evaluated at the steady state.
Linearizing equations (7), (8), (18) and (19) yields expressions for the uncovered interest

parity condition, the terms of trade and the consumer-price inflation differential:

Ry — R = E{AS; 4 (30)
(2(1—1)1/—\;520_1 (at—a:> _X(mt_fhr) (31)
# -7 = (2a—1) (7 —7F) +2(1 - a)AS, (32)

where EtAgtH = Et§t+1 — §t is the expected depreciation of the home currency from ¢
to t + 1. Note that an important consequence of assuming non-separability of the utility
function is that real money balances enter the IS equation (25), the AS equation (26) and

the terms of trade condition (29).

13



The linearized equilibrium system is given by equations (25)-(29), their foreign equiva-

lents and equations (30)-(32), along with linearized versions of the interest rate rule (20):
R, = pr Bl + NyEtﬁ—i-k; or R, = P EiTeg1 + lllyEti/\;H-k; (33)

where p, > 0 is the inflation response coefficient, ;1,, > 0 is the output response coefficient
and £ =0,1.

It is important to stress that in the above system there are three channels of monetary
policy. Using (27) and (28) to climinate e, and Y; from (26) and combining this AS equa-
tion with its foreign equivalent and the terms of trade condition (31) generates the following

expression for the domestic-price inflation differential (in deviations from the steady state):
R~ #7F = 8B, (*5 ~ 70) + lne + rrce] (G = §F) = Iny + mrGul (e —#17) - (34)

where ki = 2A\(1 — a)[1 + 2awb] > 0, ke = AMw(2a — 1) + 1/0] > 0, (¢ = [0(2a —
D7 >0, K, = Ax > 0 and ¢, = Ax/(2a — 1) > 0. There is the conventional aggregate
demand channel, where a relative increase in the home country’s interest rate lowers home
consumption and reduces the domestic-price inflation differential, the sensitivity of which
depends on the coefficient kc. A second channel of monetary policy is the role that the
demand for money plays in affecting the cost of production of intermediate-sector firms.
With real balance effects the differential demand for money enters into (34) as a negative
cost-push shock. Here an increase in the relative interest rate generates a relative reduction
in the demand for domestic money, which results in an increase in real marginal cost and,
given the coefficient x,, an increase in the domestic-price inflation differential. Finally,
there is a terms of trade channel, where a relative increase in the interest rate leads to
an improvement in the terms of trade which has two separate effects on the domestic-
price inflation differential. On the one hand an improvement in the terms of trade, via
an expenditure switching effect to foreign intermediate-sector goods, reduces the domestic-
price inflation differential to an extent determined by kr(c, whereas on the other hand it
is increased (because of real balance effects), through relative changes in real marginal cost

depending on k7¢,.M

M (Clearly in a closed economy both these terms of trade effects are absent since kp = 0 as a = 1.

14



Table 1: Linearized system of equations

Aggregate System

EtC i = CW + oRW —oEmY | + oxEiml, —oxm” 1SV

= n.CY —nrRY LMY
%t = BEFY, + YW 4+ 20 — aml” ASW
YW CW Output™”’
R =BT, + quthJrk Taylor rule"’

Difference System

E,gC'tJr1 = C + URR oEl | + oxExmf — oxmi IS%

= ncO —nrRf LM#

7D = pEETTT) £ oM(1 - )T+ ACF
- Axmt + /\wYtR ASE
YR = =4af(1 — a)T; + (2a — 1)CE Output?
Rt = AEtStH UIP
(2a — )T} = %CtR — xmPE ToT
~ (20— )AR‘H 4201 — a)AS, Inflation®
]?2,5 = quﬁtRJr(fl Dy /‘yEtf/tik Taylor rulef: PPI
]?Zf = u BTl + MyEti/\;ik Taylor rulef*: CPI
Notes: The index W refers to world aggregates where 7'V = %’r* = ”HJ;”*F. The

index R refers to the difference between home and foreign variables e.g. %f(HfF*) =

(7 —7F).

Since we are interested in obtaining analytical conditions for determinacy under both the
closed and open economy dimensions of the model, it will be convenient to use the method of
Aoki (1981) to split the linearized equilibrium system into two decoupled dynamic systems:
the aggregate system that captures the properties of the closed world economy and the
difference system that portrays the open-economy dimension. This decomposition of the
linearized model into worldwide aggregates X" = % + % and cross-country differences
XE = X — X* is summarized in Table 1. For the closed economy version of the model,
its determinacy properties are fully characterized by the aggregate system.'!® However, for

the equilibrium to be determinate in the open-economy it must be the case that there is a

15Note that the measure of inflation targeted in the interest-rate feedback rule is irrelevant in the aggregate
system, since in a closed economy domestic and consumer-price inflation are identical concepts. i.e. W =
i S ‘rrh’+7'r*f
2 2
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Table 2: Benchmark parameter values

5] Discount factor 0.99

o Intertemporal elasticity of substitution in consumption 6.4

w Output elasticity of (real) marginal cost 0.47

P Degree of price stickiness 0.75

A Real marginal cost elasticity of inflation 0.08

X Degree of non-separability of utility function 0<x<0.03
Ne Output elasticity of money demand 1

R Interest-rate semi-elasticity of money demand 28

0 Elasticity of substitution between home and foreign goods 1

1 —a Degree of trade openness 0.15, 0.3, or 0.4

unique solution for both cross-country differences and world aggregates.'®

3.2 Parameterization

It will be useful to illustrate our results using the benchmark values for the parameters
specified in Table 2. Parameter 3 is standard in the literature and w is taken from Woodford
(2003). Following Woodford (2003) and Kurozumi (2006) we set the output elasticity of
money demand 7. = 1, the interest-rate semi-elasticity of money demand ngr = 28 and the
intertemporal elasticity of substitution in consumption ¢ = 6.4. The latter is consistent
with Rotemberg and Woodford (1997) estimate of ¢ = 6.37 for the US economy and implies
a value of the risk aversion coefficient of 1/0 ~ 0.16.17 Consistent with recent empirical
estimates by Woodford (2003), Ireland (2004) and Andrés et al. (2006) we only consider
values for the degree of non-separability y = [0,0.03].'® As noted by Benhabib and Eusepi
(2005), empirical estimates of nominal rigidity find ¢ to be between 0.66 and 0.83. Following
Taylor (1999) we set ¢ = 0.75 which constitutes an average price duration of one year and
implies that the real marginal cost elasticity of inflation A = 0.08. However, the robustness
of the numerical results is examined for variations in 1. Consistent with Bergin (2006), we

set § = 1. Finally for illustrative purposes, three alternative values for the degree of trade

16Determinacy of the aggregate and difference systems implies determinacy at the individual country level

since)?:XW—l—XTR and X* :XW—XTR.

TWoodford (2003) argues that a low risk aversion coefficient is justified on the grounds that the intertem-
poral substitution elasticity of consumption is significantly higher once investment in capital and consumer
durables are considered. The sensitivity analysis suggests that while lower values of o generate different
quantitative results, the qualitative conclusions are the same.

18These values for x satisfy Assumption 1.
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openness are also chosen, which are roughly consistent with the ratio of imports to GDP of

the USA (a = 0.85), UK (a = 0.7) and Canada (a = 0.6).

4 Determinacy Analysis for Closed Economies

This section considers the issue of local determinacy of the rational expectations equilibrium

for the closed economy.

4.1 Policy Response to Future Expected Inflation

We first consider the determinacy implications for an interest-rate feedback rule that re-

sponds only to expected future inflation (i.e. p, = 0 in (33)).

Proposition 1 If the policy rule reacts only to expected future inflation, then given As-
sumption 1, the necessary and sufficient conditions for local equilibrium determinacy in a

closed economy are:

1< pr <min{l'}L, T3} or max{1,T}} < pr < min{T'}, T3} (35)
where
= I lﬂ:Q(lJrB). 1ﬂ:2(2(1+B)+/\(Q+aw)
L prAwoy’ 27 pr oy’ 37N [+ ow(l +2ngX)]

Proof. See Appendix A.

Note that with separability of the utility function (y = 0) the bounds I'{ and '} no longer

apply while T'3 reduces to 'y, _o = 1+ ,\2((11415 3). Hence the determinacy conditions sum-
marized in Proposition 1 collapse to:
2(1+B)
1<pr <14+ —/—-—7-%. 36
K + A1+ ow) (36)

It is clear from (35) and (36) that while the Taylor principle (ur > 1) is a necessary
condition for equilibrium determinacy, it is not sufficient. The numerical analysis suggests
that, with very small values for y, real balance effects play a significant role in reducing the

upper bound on the inflation response coefficient (11, ). Using the baseline parameter values
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Figure 1: Regions of indeterminacy under a forward-looking inflation feedback rule

summarized in Table 2, Figure 1 illustrates the regions of determinacy and indeterminacy
for combinations of ., and the degree of price rigidity (v) for alternative values of y =
0,0.1,0.2,0.3. The top, left-hand corner of Fig. 1 shows the determinacy properties of the
model under separability of the utility function. In this case, the Taylor principle easily
induces determinacy of equilibrium. While indeterminacy can emerge under our baseline
parameter values, the upper bound on u, needed is of a size to be unlikely to bind. The
other three panels of Fig. 1 show the indeterminacy implications of real balance effects as
the extent of non-separability of the utility function (x) is increased. It is evident from
Fig. 1 that real balance effects exert a destabilizing effect on the rational expectations
equilibrium. By inspection, the upper bound on u, is tighter, the higher the degree of
non-separability, and the lower the degree of price stickiness. Consequently, the Taylor
principle is now significantly weakened in its effectiveness in preventing indeterminacy. For
example, if ¢ = 0.75, the upper bound on the inflation response coefficient is pu, < 12.57
when x = 0 and only g, < 4.65 when y = 0.03. This finding is in stark contrast to the

existing literature on real balance effects (e.g. Kurozumi, 2006), where non-separability

has no implications for determinacy when the Taylor-type feedback rule responds only to
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current-looking inflation.

4.2 Policy Response to Output

We now consider the determinacy implications for the closed-economy dimension of the
model if output is also included in the interest-rate feedback rule. Proposition 2 derives
the determinacy conditions when the feedback rule responds to expected future output (i.e.

k = 1in (33)) and Proposition 3 when contemporaneous output enters the interest rate rule

(i.e. K =01in (33)).

4.2.1 Policy Response to Expected Future Inflation and Expected Future Out-

put

Proposition 2 If the policy rule reacts to expected future inflation and expected future
output, then given Assumption 1, the necessary and sufficient conditions for local equilibrium

determinacy in a closed economy are:

max{0,T%} < yr < min{T3,T%} (37)

where

2 oty (1 =B = Anrx) .
M=1-— A+ ow)
2 = 2Q(1 + B) (2 +ow) oy [(1+B)(A + 2nrx) + AnrX] |

2T NQ+ 0w+ 2nrY)] | [Q+ ow(l + 2nrY)] AQ + ow(1 + 2nrX)]
L 021 + ) Q{(l—ﬂ)(1+)\+ﬂ)+%}

T ey [0 (14 52) Fowltamg] B[R (14 52) + 0wt +nrx)]

n ow pyo[1 +nrx(1+ B)]

Q (1 + ﬂﬁy) +ow(l+nrx) A [Q (1 + ﬂ%y) +ow(l +’7RX)} |

Proof. See Appendix B.
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Figure 2: Regions of indeterminacy under a forward-looking inflation and forward-looking
output feedback rule

Note that with x = 0, the bound I'3 no longer applies, and the determinacy conditions

summarized in Proposition 2 collapse to:

pyo (1 —B) 2(1+8)  pyo(1+5)
max{o’l_m}<“”<l+/\(1+aw)_/\(1+aw)' (38)

A policy rule that also reacts to output greatly increases the range of indeterminacy under
the Taylor principle. Now the lower and upper bounds on the inflation response coefficient
(r) given by (37) and (38) are a function of the policy response to future output (u,).
Using the baseline parameter values summarized in Table 2, Figure 2 illustrates the regions
of determinacy and indeterminacy for combinations of p, and pu, for alternative values of
x = 0.1,0.2,0.3. The top, left-hand corner of Fig. 2 shows the determinacy properties of
the model under separability of the utility function, and the other three panels show the
implications for determinacy as the degree of non-separability of the utility function (x) is
increased. By inspection of Fig. 2, indeterminacy is generated if the monetary authority
is overly aggressive in its setting of either one of these policy coefficients. Indeed for high

enough values of the output response coefficient equilibrium determinacy is impossible re-
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gardless of the value of u,. As Fig. 2 shows, not only is the upper bound on p, decreasing
with respect to both x and p,, but in the presence of real balance effects it is of such a
small magnitude to render the equilibrium indeterminant. For example, with xy = 0.03

determinacy is impossible for all pu if p, > 0.08.1

4.2.2 Policy Response to Expected Future Inflation and Contemporaneous

Output

We next examine the policy response to contemporaneous output. This is a particularly
important specification of the interest-rate feedback rule, as there is evidence to suggest
that it represents the actual monetary behavior of central banks, where contemporaneous
output is typically used to help forecast expected future inflation (e.g. Clarida et al., 1998,
2000; Orphanides, 2004; Mihailov, 2006).

Proposition 3 If the policy rule reacts to expected future inflation and contemporaneous
output, then given Assumption 1, the necessary and sufficient conditions for local equilibrium

determinacy in a closed economy are:

max{0,T53} < ptr < min{T3 T3} or max{0,T5 T3} < pr < min{ls, T3} (39)

where

opy (1 — B — MrX)

e P By s (LB opy L uax(A 4B s

Y7 Xownpy M 2T Nownry AowWnrX U3 AMQ + ow) '
s = 2Q(1+ B) (Q+ ow) oy [(1+ 8)(1 + 2nrXx) + ArX] '

SEDY [Q+ow(l+2nrx)] [+ ow(l+2nrY)] AQ+ ow(l 4 2nrY)]

Proof. See Appendix C.
Note that with separability of the utility function (x = 0), the bounds I'} and I' no longer

apply, and the determinacy conditions summarized in Proposition 3 collapse to:

pyo (1 = B) 2(1+ ) pyo (1 + )
max{o’l_m}<“”<l+x(1+aw)+ A1+ ow) (40)

19The sensitivity analysis suggests that variations in the degree of price stickiness have little significant impact
on the values of py needed to rule out determinacy.
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As before, the lower and upper bounds on the inflation response coefficient (p,) given in
(39) and (40) are a function of the output response coefficient (,/). However, under a policy
of reacting to contemporaneous output these bounds are now less likely to bind, andcon-
sequently the range of determinacy is greater relative to forward-looking output. For the
baseline parameter values, Figure 3 illustrates the regions of determinacy and indeterminacy
for combinations of p, and g, when ¢ = 0.75, whereas Figure 4 considers the indetermi-
nacy implications when a lower value for the degree of price stickiness is chosen, 1) = 0.66.
The top, left-hand corners of Figs. 3 and 4 show the determinacy properties of the model
under separability of the utility function. When y = 0, the Taylor principle easily induces
determinacy of equilibrium. However, by responding to current output, the lower bound on
tr is reduced below unity and consequently determinacy is also attainable under a passive
monetary policy (ur < 1). The other three panels of Figs. 3 and 4 show the indeterminacy
implications of real balance effects as the extent of non-separability of the utility function is
increased. The profound impact real balance effects have on the determinacy implications
of the Taylor principle is evident: as x increases, the lower bound on p, given in (39) pivots
clockwise around the p, = 1 point, whereas the upper bound on p, given in (39) shifts
anti-clockwise. The combined effect is a significant reduction in the regions of determinacy.
In addition, the analysis suggests that the lower and upper bounds on . are also sensitive
to the degree of price stickiness. Consequently for a given value of y, the more flexible are
prices, the lower are the regions of determinacy.

Overall, we can conclude that for closed economies, Taylor-type feedback rules that re-
spond to expected future inflation are significantly more likely to induce indeterminacy of
equilibrium in the presence of small, empirically plausible real balance effects. These con-
clusions are in stark contrast to feedback rules that react to contemporaneous inflation. For
example, Kurozumi (2006) finds that for such policy rule specifications, real balance effects
only have a destabilizing effect on the rational expectations equilibrium when current out-
put also enters into the feedback rule. Perhaps, more importantly, our analysis also raises
concerns relating to the observed monetary policy conduct of central banks: setting the
nominal interest rate in response to movements in contemporaneous output and expected
future inflation. By ignoring the role the demand for money plays in the monetary transmis-

sion mechanism, the previous literature has suggested that such a feedback rule is desirable
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in preventing indeterminacy. In stark contrast, we have shown that the implementation of

such a Taylor-type rule can actually be destabilizing in the presence of real balance effects.

5 Determinacy Analysis for Open Economies

This section considers the issue of local determinacy of the rational expectations equilibrium
for the open economy. We wish to answer the following question: Do the determinacy
conditions for open economies differ significantly from the conditions for closed economies
in the presence of real balance effects? We restrict our focus to feedback rules that react to
expected future (domestic or consumer-price) inflation and current output (k = 0 in (33)),

since this has most empirical relevance.

5.1 Reacting to Domestic-Price Inflation

Let us first consider the determinacy conditions for the open economy when the feedback

rule reacts to expected future domestic-price inflation.

Proposition 4 If the policy rule reacts to expected future domestic-price inflation and con-
temporaneous output, then given Assumption 1, the necessary and sufficient conditions for

local equilibrium determinacy in an open economy are:

max{0,T5 T3} < pir < min{I'3, T35} or max{0,T5 T3 T3} < ppr < min{T5, T3, 13,15}
(41)

where T3, T3, T3, and T3 are defined in Proposition 3 and:

4 = Q1+ 8) ty [0(2a — 1) + Q4ab(1 — a) + (2a — L)onrx(1 + B)] '
27 Nownrx(2a — 1) (2a — 1) AowngrXx ’
4= My (1= 8) [0(2a — 1) + Q4af(1 — a)] — Aonrx(2a —1)]
5T Aow(2a — 1)2 + QA[1 + 4abw(1 — a)] '
= 2Q(1 + B) + Aow(2a — 1) + AQ[1 + 4abw(1 — a)]
4 =

AL + 4abw(1l — a)] + Aow(2a — 1)[2a — 1 + 2nRX]
sy [(1+ B)[Q4a8(1 — a) + o(2a — 1)) + onrx(2a — DA +2(1 + B)]]
AL + 4abw (1l — a)] + dow(2a — 1)[2a — 1 + 2ngX] '

Proof. See Appendix D.
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Table 3: Reacting to expected domestic-price inflation: lower bounds on the inflation re-
sponse coefficient (p-) for determinacy when p, = 4

x=0 x = 0.01 x = 0.02 x = 0.03

Closed economy: pr >026 pur>2.06 pr>393 pup>5.85

Open economy: a=08> pr>037 pur>227 pxr>427 pp>641
a=070 pr>054 pr>213 pxr>393 pur > 586
a=0.60 pur>064 pr>206 pr>393 pr>585

Under domestic-price inflation targeting, whether indeterminacy is a relatively more serious
problem in open economies than closed economies depends on the magnitude of the lower
and upper bounds on the inflation response coefficient (u,) given in (41). For the baseline
parameterization, the numerical analysis suggests that I's < I' and I'} < '}, implying that
there is no change in relation to the upper bounds on p,. Therefore indeterminacy can only
be greater in the open economy if the additional lower bound I's > I'S. As an example, Table
3 summarizes the lower bound computations on the inflation response coefficient if p, = 4
for variations in the degree of trade openness (1 — a) and the extent of non-separability
of the utility function (x). It is evident from Table 3 that if the feedback rule reacts to
domestic-price inflation, there are no serious additional consequences for indeterminacy.
However, while the indeterminacy implications of opening up the economy are small, there
are some interesting differences between the separable vs. non-separability cases. When
x = 0, increases in the degree of trade openness increase the lower bound on pu,, thereby
increasing the range of indeterminacy. This corresponds with the standard conclusion in
the open-economy literature: as the degree of openness to international trade increases,
the range of indeterminacy is typically increased (e.g. De Fiore and Liu, 2005, and Llosa
and Tuesta, 2008). However, in the presence of real balance effects, the lower bound on
1 is now decreasing with respect to the degree of trade openness. Consequently, in this
case indeterminacy can actually be reduced as the degree of trade openness increases. This
follows from inspection of equation (34). In the open economy, the degree of trade openness
affects the weight of influence exerted on the domestic-price inflation differential by both
the aggregate demand channel and the cost channel of monetary policy. Our results suggest

that a higher degree of trade openness (i.e. | a) typically reduces the relative strength of
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this cost channel.

5.2 Reacting to Consumer-Price Inflation

We now consider the determinacy implications when the feedback rule reacts to expected
future consumer-price inflation. There is evidence to suggest that this is the actual indicator
of inflation used by central banks in the setting of monetary policy (see, e.g. De Fiore and

Liu, 2005).

Proposition 5 If the policy rule reacts to expected future consumer price inflation and
contemporaneous output, then given Assumption 1, the necessary and sufficient conditions

for local equilibrium determinacy in an open economy are:

max{0,T3, I3} < pr < min{l'}, T3, T3, T} or

max{0,T% T3 T3, T3} < pr <min{l'3, T3, 15,15} (42)

where T'3, T3, T3, and T'} are defined in Proposition 3 and:

B+ Buyonrx(2a — 1)

F5 — .
17 28Q(1 — a) + Aownrx(2a — 1)2’
rs QL+ B) + pyonpx(2a = 1)1+ 8) + py [0(20 — 1)° + 4a6Q(1 — a)]
2= 2Q(1 — a)(1 + B8) + Aownrx(2a — 1)2 ’
s — 1_,uy [(1 - B) [J(2a —1)2 +Q4a0(1 — a)} — Aonrx(2a — 1)} '
3 Aow(2a — 1)2 + QA[1 + 4abw(1 — a)] '
s — 2Q(1 + B) + Aow(2a — 1)% + AQ[1 + 4abw(1 — a))
5=

401 — a)(1 + B) + M1 + 4abw(1 — a)] + dow(2a — 1)2(1 + 2ngX)
ty [(14 B)[Q4ab(1 — a) + o(2a — 1)?] + onrx(2a — 1)[A + 2(1 + B)]]

4901 — a)(1 + B) + M1 + 4abw (1 — a)] + dow(2a — 1)2(1 + 2nrY)
Proof. See Appendix E.
In order to gain some further insight, we illustrate condition (42) using the baseline pa-
rameter values summarized in Table 2. Figure 5 shows the regions of determinacy and
indeterminacy for combinations of y, and pu, for alternative values of x = 0.1,0.2,0.3 when
a = 0.85, whereas Figure 6 considers the indeterminacy implications under a higher degree

of trade openness, a = 0.60. The top, left-hand corner of Figs. 5 and 6 show the
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contemporaneous output feedback rule with low trade openness (a = 0.85)
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determinacy properties of the model under separability of the utility function. When x = 0,
and in stark contrast to the closed economy, equilibrium determinacy is no longer guaranteed
under the Taylor principle. Now the upper bound on pu, decreases as both the output
response coefficient and the degree of trade openness are increased. The other three panels
of Figs. 5 and 6 show the indeterminacy implications as the degree of non-separability
is increased. By inspection, as )y increases, the lower bound on the inflation response
coeflicient pivots clockwise around the . = 1 point, whereas the upper bound pivots in an
anti-clockwise direction. Compared with the closed economy (see Fig. 3 of Section 4.2), the
range of indeterminacy is clearly higher for open economies and the range of indeterminacy
increases significantly as the degree of trade openness and non-separability of the utility
function are both increased.?’ Indeed, by inspection of the bottom, right-hand corner of
Fig. 6, indeterminacy is very likely to emerge under the Taylor principle with a = 0.60 and
x = 0.03.2

To get some intuition behind this result, first note that in an open economy the consumer-
price inflation rate differential depends on both the rate of domestic-price inflation differ-

ential and changes in the terms of trade:
g1 — T =7l — A 4201 - a) (TtH - Tt) .

Under the Taylor principle, even when an increase in the nominal interest rate of the home
country results in a relative reduction in 7}, — 7, Il, since this also results in a current
improvement in the terms of trade (ﬁ 1), indeterminacy is still possible provided the upward
pressure on the consumer-price inflation differential generated by the adjustments in the
terms of trade is sufficiently strong. As the degree of trade openness determines the weight
of influence of the terms of trade on the consumer-price differential, the higher the degree
of trade openness (| a), the more likely the consumer-price differential will increase despite

a fall in the domestic-price inflation differential. In addition, our results suggest that the

20The numerical analysis suggests that, for the baseline parameter values, the (empirically relevant) lower
bound is higher in the open economy (Fg < Fg) and the (empirically relevant) upper bound is lower
(I‘i < I‘i) when a = 0.85. For a higher degree of trade openness a = 0.60, the numerical analysis suggests
that the lower bound on px is the same as in the closed economy (since Fg < Fg) but the upper bound is
now significantly lower (I'] < I').

21The sensitivity analysis further suggests that the determinacy regions shrink even more as the degree of
price stickiness is reduced.
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greater the degree of non-separability (1 x), the larger the improvement on the terms of
trade (ft 1), thereby implying self-fulfilling inflation expectations are now more likely.
Overall, we can conclude that under a feedback rule that reacts to expected inflation and
current output, the Taylor principle can no longer ensure equilibrium determinacy in the
presence of real balance effects. However, for open economies that use the consumer-price
index as the indicator of inflation in the feedback rule, the indeterminacy implications of such
a policy are even more severe. This analysis supports the majority of the existing literature
that suggests that central banks should target domestic-price inflation in the feedback rule,
rather than consumer-price inflation, since the later is more likely to destabilize the economy
by generating self-fulfilling expectations (see e.g. Linnemann and Schabert, 2006; Llosa and

Tuesta, 2008; Leith and Wren-Lewis, 2009).

5.2.1 Responding to the Real Exchange Rate

Can the indeterminacy problem, observed when the feedback rule reacts to expected future
consumer-price inflation, be mitigated by incorporating the real exchange rate into the in-
terest rate rule? There has been recent debates in the literature on whether central banks
in open economies need to additionally respond to the real exchange rate (e.g. Taylor,
2001; Kirsanova et al., 2006; Bergin et al., 2007; Benigno and Benigno, 2008). Lubik and
Schorfheide (2007) report evidence that both the Bank of Canada and the Bank of England
include reacting to changes in the nominal (and hence) real exchange rate in empirically
estimated feedback rules. For studies that ignore the demand for money, Linnemann and
Schabert (2006) and McKnight (2011a) have shown that indeterminacy is significantly re-
duced if the central bank places a small weight on the real exchange rate coefficient. We
now turn to the effectiveness of the real exchange rate in reducing indeterminacy in the
presence of real balance effects.

Consider the following log-linearized feedback rule:
Ry = pinFesn + iy Ve + 1gQs, (43)

where i, > 0.22 Rather than derive the analytical conditions for determinacy, we will simply

22For the foreign country’s rule, the response coefficient of the real exchange rate is the negative of that for
the home country.
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Figure 7: Regions of indeterminacy when the real exchange rate is included in the feedback
rule (@ = 0.60 and x = 0.03)

report some numerical results for the case of (43). Figure 7 plots the regions of determinacy
and indeterminacy for a = 0.6 and x = 0.03 for four values of the real exchange rate
coefficient pg = 0,0.3,0.6,1.0. The top, left-hand corner of Fig. 7 shows the determinacy
properties of the model when p, = 0. Fig. 7 illustrates that reacting positively to the
real exchange rate has a very marginal impact on the regions of (in)determinacy.?? The
numerical analysis suggests that there is only a minimal increase in the upper bound on
o for determinacy (and no effect on the lower bound). Even when the interest rate reacts
one for one to real exchange rate movements (y, = 1), the large regions of indeterminacy

robustly remain in the presence of real balance effects.

6 Conclusion

In the conduct of monetary policy, it is becoming increasingly popular for central banks to
set the nominal interest rate in response to expected future inflation. In addition, there is

empirical evidence to suggest that contemporaneous output is also included in the monetary

23The sensitivity analysis indicates that this conclusion is robust to variations in x or a.
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Table 4: Indeterminacy under the Taylor principle: summary of our key results

R\t =[x Tt41 +My?;f +Myﬁ+l
x=20 x=003 x=0 x = 0.03 x=0 x = 0.03
Closed economy: unlikely likely never likely likely almost sure
Open economy:
DPI measure unlikely likely never likely highly likely —almost sure
CPI measure likely  very likely likely highly likely  very likely  almost sure
CPI & RER - - likely  highly likely - -

policy rule, since it contains a useful prediction of future inflationary pressure. The closed-
economy literature has shown that the adoption of such a feedback policy rule can easily
prevent indeterminacy and self-fulfilling fluctuations by implementing the Taylor principle.
Yet, these studies have surprisingly ignored the role of money demand in their analysis. We
have shown that real balance effects generate an additional monetary transmission channel,
whereby changes in money demand affect inflation via changes in real marginal cost. With
forward-looking monetary policy, this weakens sizeably the ability of the Taylor principle
to induce equilibrium determinacy.

Table 4 presents a qualitative summary of our key results in terms of the probability
of the Taylor principle inducing indeterminacy for the three forward-looking policy rule
specifications we considered: a rule that reacts only to expected future inflation (ﬁt =
UxTey1); a rule that also reacts to current output (—l—,uyf/t); and a rule that also reacts
to expected future output (—i—uy}A/tH). The characterization used for indeterminacy, in
descending order, is: almost sure; very likely; highly likely; likely; unlikely; highly unlikely;
very unlikely; and almost never. By inspection, for all three policy rule specifications, the
likelihood of indeterminacy increases when the utility function is non-separable (x = 0.03)
for both closed and open economies relative to the common separability assumption (y =
0).2* Furthermore, indeterminacy is also more likely for open economies if the policy rule
reacts to consumer-price inflation (CPI) (and also the real exchange rate (RER)) compared

to when domestic-price inflation (DPI) enters the policy rule.

24While we do not formally outline the determinacy conditions of the open economy under a policy rule that
also reacts to future expected output, the likelihood of indeterminacy is easily inferred from the closed-
economy analysis presented in Section 4.2.1. The determinacy conditions for the separability case are taken
from Llosa and Tuesta (2008).
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Overall, our analysis suggests that to avoid indeterminacy central banks can neither be
too cautious, nor too aggressive in adjusting the nominal interest rate in response to changes
in both expected future inflation and current output. For open economies the indeterminacy
problem can be even more severe. Our analysis raises some important concerns relating to
the ability of central banks to avoid indeterminacy through the implementation of forward-
looking inflation feedback rules. However, it does suggest that, for open economies, it
would be highly beneficial for central banks to switch from the current widespread use of

consumer-price inflation as the policy inflation indicator towards domestic-price inflation.
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A Proof of Proposition 1

The aggregate system summarized in Table 1 can be reduced to the following two-dimensional

~ !
system in [ﬁltw c ] , where the coefficient matrix is:

o [Mwto™ )+ 328 | [(un =D +panaxd=1  ne=[Mwto™ )+ 22 | [urnnto(un—Dnc]

A= HrNROXAw— B HrNROXAw— B
U(kx-i-m% [(pr =D +puxnrx]—ox anc—(/\x-i-m% (txnr+0o (e —1)nc]
HrMROXAW—BS) HrMROXAW—BS)

QO _ (pr —1)A(ow+2)—O
BQ—prnrAWOX and trA; =1+ NRUxOXAW—LQ °

Since m" and CV are non-predetermined variables, determinacy requires that the two

Its determinant and trace are: det A, =

eigenvalues of A are outside the unit circle. According to the Schur-Cohn criterion (see,
e.g., LaSalle, 1986) this requires that (i) |det A;| > 1 and (ii) [trA1| < 1+ det A;. First
note that det A; > 1 provided pr < I'}. In this case condition (i) implies that 1 < u, < T'4.
Next note that det A; < —1 provided I'} < pr < I'}. Then [trA;| < —1 — det A; implies
1 < pr < T3, This completes the proof. [J

B Proof of Proposition 2

The aggregate system summarized in Table 1 can be reduced to the following three-dimensional

N /
system in |m}Y CV 7V } , where the coefficient matrix is:

M1+ Mopy—pn) _ d=opy  nc(l—opy) 1 _ Adtow)(opy—px)  Tphy—fn

Bopy NROX My NROXMy ox Bo2xpy Boxpy
As = L AXix ne A (1+ow)  im
2 =
MR My By NRHMKy By By
Ax _Atow) 1
L B Bo B

The three eigenvalues of Ay are solutions to the cubic equation r3 + agr? 4+ a1 + ag = 0,

where
g — 1 L AMwprtp) 1 2
B Bty XTR  TMROXHy
1 S —1)(Q 1 . 1 Q
a1:—+A(“ )@ +ow) L e (14 5)
B BNROX by Bnrx By BNROX[y
. Q
0= 53—
ﬁﬁRUXHy

As there are no predetermined variables, determinacy requires that all the eigenvalues are
outside the unit circle. Since ag > 0, this is the case if and only if the following Schur-Cohn
criterion is satisfied: (i) 1+as+ai+ag > 0, (ii) —1+az—ai+ag > 0, and (iii) ai—1 >| apaz—
a1 |. Conditions (i) and (ii) simplify respectively to A(ptx —1)(Q+ow)+opy (1—8—Anrx) >0
and, 2Q(1+ 8) + AM(Q + ow) > Mur [Q + ow(1 + 2nex)] + opy [1+ B+ nex(A + 2(1 + 8))],
which imply I'? and '} of the main text. For condition (iii), the case 1 — a3 < agas — a1
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implies 1"%. For the case a?) — 1> agas — a1 this can be expressed as:

Qo1 - AWl
erea=-5 +(1=B) 1+ B+ A+ 2h b + (1 = B)nroxpy + Anrowxpx + AQ
B | nroXHy Py NRX

+Bopy +nrAoxHy + [Mpr — 1)(Q + ow) + opy(1 = B = Arx)] > 0,

which, by inspection, is always satisfied if condition (i) holds. This completes the proof. O

C Proof of Proposition 3

The aggregate system summarized in Table 1 can be reduced to the following two-dimensional

—~ /
system in [ﬁll’v cwv ] , where the coefficient matrix is:

o _ A (olpx=1) AsAs  o(nc—nRiy)
A = Ay Ay ( MR M +ox Ay Ay
37 | o>x _ (BotMroxus) (olux—1) +o As(Bo+Anroxpux) _ o’x(no—nrpy) |’
Ay Ay MR M X Ay Ay

with A1 = Bo(Q + nroxpy) — Mro*wxpx, Ao = Bo(ne — nriy) + Merp-(l + ow),
As = 1+ opy + (tr — V(e — nrpy) =2, det Ay = o irotelbimd _ ang (rA; =

MR’ BLUNROX[Bry —Awpir]
L A [73!121?7;;:%;: yfg\rpr(]H)\HB iy Determinacy again requires that the two eigenval-
Y T

ues are outside the unit circle. Using the Schur-Cohn criteria, the det A3 > 1 provided
px < I'f and in this case [trAs| < 1+ det Az implies max {0,I'3} < pr < I'j. Next
note that det A3 < —1 provided I'f < p, < I'S. Then [trAs| < —1 — det A3 implies
max {0,T3} < pr < T%. This completes the proof. O

D Proof of Proposition 4

The difference system summarized in Table 1 can be reduced to the following two-dimensional

~ !/
system in [ﬁlﬁ CtR} , where the coefficient matrix is:

oA Ao+As As—A1Ay
B = | 7rox(a-DPwux—Pu,]-p2  nrox(2a—1D)Dwpx—Buy]-p0
- oAaAgt+oxAs oxAs—A4\g
nrox(2e—1)[Awpr —Buy]—BL  nrox(2a—1)[Awpr —Buy]|—BQ

with A; = ﬂnc—% [4a6(1 — a) + o(2a — 1)?] —I—U’\(ggﬁ’l') [1+ow(2a — 1) + 4abw(l — a)],
Ao =y + (2a—1)(pn—1) + My4a9x(1—a), Az = nrpy4adx(l—a) 1.AL=1+ one(2a—1) (pr—1) +

"R Ko 2a—1 » 4= T for
2 [4a0(1 — a) + 0(2a = 1)?], As = ne— 5755745 [4a0(1 — a) + 0(2a — 1)?], Ag = p—Lnnpdadx(a) |
A ,r _ Ql4+pydab(l—a)]l+pyo(2a—1)[(2a—1)+xnrR] o
Xnkx 1 4 4afw(l — a)], detB = £ BQ+(2G_1):U77R[ﬂHy_>\WNW] XI5 and trB = 1 +
Q-A(pz—D[ow(2a=1)*+ Q1 +abw(1-a)]] | py[rnax(a—1)(1+N+06(2a—1) 16240 -0)] o
BQ—(2a—1)xonRr[Awpr —Biy] BQ—(2a—1)xonr[Awhin—Bliy] rmi-

nacy again requires that the two eigenvalues are outside the unit circle. Using the Schur-
Cohn conditions, detB > 1 provided p, < 2 Q:}Ei‘;;k)é’;ﬁ‘;” v
[trB| < 1+ detB implies max{0,I'4} < u, < I'?. Next note that detB < —1 pro-

vided I'f < pr < I's. Then [trB| < —1 — detB implies I't < p, < I'{. Therefore

= I'{ and in this case
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max{0,T3} < u, < I'}, and either u, < I'{ or I'} < p, < I'3, are the necessary and sufficient
conditions for the difference system. Comparing these bounds on p, with the determinacy
conditions obtained for the aggregate system given in Proposition 3, it is straightforward
to verify that ' < T}, I's S T'3, I'S < T4, and I'} < T'}. This completes the proof. [J

E Proof of Proposition 5

The difference system summarized in Table 1 can be reduced to the following two-dimensional

~ /
system in [ﬁlﬁ CtR} , where the coefficient matrix is:

—O’AlAQ—Ag A1A4—A

C = | P an T mrox2a— 1) Pwn-@a-TBr,] B2 @y nrox(2a - Do a1~ Fi;]
- —oAsAe—oxAs AsAe—oxAs
BR1-2(1—a)pr]—nrox(2a—1)[Awpr (2a—1)— By ] BL1-2(1—a)pr]—nrox(2a—1)[Awpr (2a—1)— By ]

with Ay = Bne[1—2(1—a) ]| — Smss [4a0(1 — a) + o(2a — 1)?]+2282= [1 + gw(2a — 1)? + 4abw(l — a)],

o(2a—1)
— v (a=1) | pydabx(1—a) \ _ nrpydadx(1-a) =14 Zelin"l)
Ao =x+ Zauﬂ + #uw(;;—l) Ay =R — 1 -2(1—a)pa], As =1+ nmguﬂ +
sy [4a6(1 = ) +0(20 = 1], As = nefl=2(1—a)yux] 55524 [406(1 — 0) + (20— 7],
Ao = BIL—2(1 — a)py] — Bt lo) o\ 1+ dabo(1 — )],

det C = Q[1—2(1—a) pr]+py [4a0(1—a)Q+(2a—1) xnro+0(2a—1)?]
BQ1-2(1-a)pux]—nrox(2a—1)[Awpr (2a—1)—Buy]
rC — 1+52[172(1711)#,,]f)\(,u,,fl)[crw(2a71)2+Q[1+4a9w(17a)]] ty [onrx(2a—1) (14 A)+08(2a—1)+BQ4a0 (1—a))
- BQ1-2(1—a)pr]—mrox(2a—1)[Awpr (2a—1)— By ] BO1-2(1—a)pr]—mrox(2a—1)[Awpr (2a—1)—Buy]
Determinacy again requires that the two eigenvalues are outside the unit circle. Using the
Schur-Cohn conditions, det C > 1 provided u, < nRxﬁ cfi?(éiigfﬂg%fa) = I'! and in
this case |trC| < 1 + det C implies max{0,I3} < u, < I'}. Next note that detC < —1
provided I'} < p, < I';. Then [trC| < —1 — det C implies I'} < p, < I'}. Therefore

max{0,[3} < pu, < I}, and either p, < '} or I'} < p, < I3, are the necessary and

and

sufficient conditions for the difference system. This completes the proof. [
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