Journal of
MONETARY

| ECONOMICS
ELSEVIER Journal of Monetary Economics 48 (2001) 55-80

www.clsevier.com/locate/econbase

Optimal monetary policy responses to
relative-price changes

Kosuke Aoki*

Monetary Assessment and Strategy Division, Bank of England, Threadneedle street, London,
EC2R 8EU, UK

Received 27 July 1999; received in revised form 31 August 2000; accepted 20 September 2000

Abstract

An optimizing model, with a flexible-price sector and a sticky-price sector, is
presented to analyze the effects of relative-price changes on inflation fluctuations. The
relative price of the flexible-price good represents a shift parameter of the New
Keynesian Phillips curve. The optimal monetary policy is to target sticky-price inflation,
rather than a broad inflation measure. Although stabilizing the relative price around its
efficient value is one of the appropriate goals of the central bank, stabilizing sticky-price
inflation is sufficient for achieving this goal. An optimal monetary policy for a small
open economy is also discussed. © 2001 Published by Elsevier Science B.V.
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1. Introduction

Relative prices—for example, of food and energy—, are often discussed in
studies of inflation control for two reasons. First of all, relative prices are often
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used as measures of “‘supply shocks” in “Phillips curve” equations that seek to
model the short run output-inflation trade-off." In the empirical literature on
the Phillips curve, changes in the relative prices of food and energy are
commonly used as a measure of supply shocks, which shift the short-run
Phillips curve. Second, many authors have sought to identify a more persistent
component of inflation, known as “core inflation”.? For the conduct of
monetary policy, core inflation is considered a more important indicator than
broader inflation measures. In this literature, fluctuations in the prices of food
and energy are regarded as a transitory component of overall movements in
inflation, since they are thought to be caused mainly by temporary, sector-
specific shocks. Based on this idea, it is a common practice to subtract the
prices of food and energy from an aggregate inflation measure to calculate a
measure of core inflation.

However, it is not obvious how changes in relative prices affect aggregate
inflation. Strictly speaking, a pure relative disturbance is a change in supply or
demand conditions that leaves the appropriately defined aggregate production
possibility frontier unchanged. In the absence of price stickiness, this shock
should not change aggregate real output and the aggregate price level.® It is
also not obvious how relative-price changes are related to supply shocks. Large
changes in relative prices are not necessarily caused by large supply shocks.
Relative prices are affected by several factors other than supply shocks, such as
demand shocks and elasticities of substitution among goods. These arguments
suggest that the appropriate measures of supply shocks and core inflation
should be based on a structural model which identifies the factors that affect
relative-price changes and the persistent component of aggregate inflation.

In this paper, we construct a two-sector dynamic general equilibrium model,
with a flexible-price sector and a sticky-price sector. The model is a variant of
optimizing models with nominal price stickiness, that have recently been used
in the literature on inflation dynamics and monetary policy.* Using this model
we discuss the correct specification of the Phillips curve in the presence of
sectoral shocks, and show in what way changes in the relative price of flexible-
price good shift the short-run Phillips curve. We also show that the inflation in
the sticky-price sector represents a persistent component of inflation, in the

''See, for example, Ball and Mankiw (1995) and Roberts (1995).

2See, for example, Bryan and Cecchetti (1994), and Cecchetti (1997).

3Gordon (1975) is a classic paper which studies the interaction between the relative prices of food
and energy and aggregate inflation. A paper by Ball and Mankiw (1995) argues that, under the
existence of menu costs for changing prices, the skewness of the distribution of relative price
changes is positively related to aggregate inflation.

4See, for example, Clarida et al. (1999), Woodford (1996), Rotemberg and Woodford (1997,
1999). Although their focus is different from ours, Ohanian et al. (1995) construct a model with a
sticky-price sector and a flexible-price sector.
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sense that it responds to smoothed expectations of the future output gaps and
relative-price changes. Inflation in the sticky-price sector is therefore a good
candidate for a measure of core inflation.

Another important question is how a central bank should conduct monetary
policy in the presence of sector-specific shocks that affect the efficient relative
prices of the different types of goods. The central bank has a choice among
several different possible measures of inflation and output gap, and it must
identify which variables are the appropriate goal variables. Using an
optimizing model has an important advantage; namely, it allows us to evaluate
alternative monetary policies in a welfare-theoretic framework, and to analyze
which variables should be stabilized in the optimal equilibrium. The paper
shows that the optimal monetary policy is characterized as an inflation
targeting regime, that incorporates the correctly chosen inflation measure. It is
also found to be desirable to stabilize core inflation, rather than a broader
measure of inflation, where core inflation is identified as an index of inflation in
the sticky-price sector. The paper demonstrates that stabilizing the relative
price of the flexible-price good around its time-varying optimal value is one of
the appropriate goals for the central bank. However, the model implies that
stabilizing core inflation is sufficient for keeping the relative price at its efficient
value. We also address the issue on the output gap-inflation variability trade-
off, which has been an important guiding principle in studies of monetary
policy. Our model implies that there is a trade-off between stabilizing the
aggregate output gap and aggregate inflation, but that there is no trade-off
between stabilizing aggregate output gap and stabilizing core inflation. Thus, in
this model, whether output gap-inflation variability trade-off exists or not
depends on which measures of inflation and output gap the central bank
chooses to stabilize.

The organization of the paper is as follows. Section 2 presents a two sector
dynamic sticky-price model, and studies the interaction between relative price
and inflation determination. Section 3 derives the optimal monetary policy for
the economy described in the model, and applies the model to an small open
economy setting. Section 4 concludes.

2. Model
2.1. Utility of a representative household

In this section we construct the model which will be used through the paper.
Many of the goods that exhibit large price variability are standardized goods,
for example, food and energy. Such goods are traded in almost competitive
markets, and their prices are adjusted frequently. On the other hand, in
markets where goods are differentiated, prices are adjusted slowly. To capture
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this fact, our model assumes flexible-price goods which are traded in a
competitive market, and a continuum of monopolistically produced goods.

The model is a variant of dynamic sticky price model (Clarida et al., 1999,
Woodford, 1996; Rotemberg and Woodford, 1997, 1999). There is one type of
flexible-price good, denoted by Cp, and a continuum of differentiated goods
¢(z) indexed in z€[0, 1]. Each household consumes the flexible-price good and
all of the differentiated goods, and produces a single good. The objective of
household i is to maximize®

Eo > B u(BiCl) — v(A;,31)), (1)
t=0

where u(-) represents the utility of consumption and v(-) represents the disutility
of production. We make the usual assumptions that u(-) is increasing and
concave, and that v(:) is increasing and convex. The constant fe(0, 1) is the
discount factor, and the argument C’, which represents an index of household
i’s purchases of the flexible-price good and all of the continuum of the
differentiated goods, is defined as

(G5
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where
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The elasticity of substitution between any two differentiated goods is  which is
assumed to be greater than one.® The argument y! is the output of the good
that household i produces. The household indexed by i produces one type of
good i, where i = F if it produces the flexible-price good, and i[O, 1] if it
produces one of the differentiated goods. 4;, and B;, are stationary random
shocks. Since we wish to focus our analysis on the effects of sector-specific
supply shocks on the economy, we assume A;; = Ar, for all households
producing the flexible-price good and 4;, = As, for all households producing
one of the differentiated goods. We also assume that the preference shock B, is
identical across all households. These assumptions imply that all of the
households in the same sector face the same supply shocks, and that there are
no idiosyncratic demand shocks in this economy. Eq. (2) also abstracts from
any sector-specific demand shocks.

0/(0-1)
} 3)

3 Following Rotemberg and Woodford (1997), we can safely abstract from the liquidity services
provided by money when monetary policy takes a form of interest rate rule, as we consider later.

SHere, the elasticity of substitution between the flexible-price good and the composite
differentiated good is unity.
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2.2. The consumption decision

The model assumes complete financial markets with no obstacles to
borrowing against future income, so that each household faces a single
intertemporal budget constraint. The model further assumes that households
can insure one another against idiosyncratic income risk. These assumption
imply that, if all households have identical initial wealth, they will choose
identical consumption plans.” The optimal allocation for a given level of
nominal spending across the flexible-price good and all of the differentiated
goods at time ¢ leads to the Dixit-Stiglitz demand relations as functions of
relative prices. For the following the index i is suppressed, since the
consumption decision is identical across all households. The total expenditure
required to obtain a given level of consumption index C; is given by P,C,,
where P, is defined as

Py = (Ps,)(Pe,) . “4)

Here Pg, is the price index of the composite differentiated good defined below,
and Pr, is the price of the flexible-price good. Demand for the flexible-price
good is then given by

Pr\ "
Cry=(1-7) P Cr. (5
t
On the other hand, demand for the composite differentiated good is given by
P\
CS,t = V(P_Stt) C, (6)

where Ps; is the Dixit—Stiglitz price index defined as

1 1/(1-0)
Ps, = [ / X,(2)'? dz}
0

where X;(z) is the price of differentiated good indexed as z at time 7. Demand
for each differentiated good z is given by

6
c(z2) = (A;iizt)) Cs,

—1 )
P S, X, I(Z)
_ (P C. ()
P t P St
"Insurance contracts are assumed to be made before households know in which sector they are.
By making insurance contracts, the households can insure one another against the difference of

revenues that they could receive in future states. The insurance contracts make the marginal utility
of nominal income identical across the households at any time .

; ()
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The optimal consumption plan of the household must satisfy
=4, )

where A, is marginal utility of nominal income. The marginal utility of nominal
income must satisfy

At(st,ﬂrl = ﬁAl+l (10)

at each possible state at time ¢+ 1, and J,,4; is a stochastic discount factor
which satisfies

Rr = (Er[ét,t+l])7l> (11)

where R, is the risk-free nominal interest rate at time ¢.

2.3. The production decision

2.3.1. The production decision of firms in the flexible-price sector
Sellers of the flexible-price good are assumed to be price takers.® Given a
market price P, the sellers set

ArPF,z = U/(AF,IYF,I)AFJ’

where Yr, is the production of the flexible-price good. Using Eq. (9) and the
market clearing conditions, the above condition implies that

P,

Pr, = AF,IU/(AF,L‘YF,I)W
t t41

(12)
must hold. The right hand side can be interpreted as the marginal cost of
production in the flexible-price sector. In deriving (12) we assume that there
are mass of one of households producing the flexible-price good and mass of
one of households producing the differentiated goods. Therefore market
clearing conditions are Ys; = 2Cs;, Yr, =2Cg,;, and hence Y, = 2C; at all
time 7.

2.3.2. The production decision of firms in the sticky-price sector

We assume that prices of the differentiated goods are sticky. Following
Calvo (1983) and Woodford (1996), prices in the sticky-price sector are
changed at exogenous random intervals. A fraction 1 — a (0, 1) of the sellers in

8 The important assumption here is that the price of the flexible-price good can be adjusted every
period. Whether that sector is competitive or not does not affect the subsequent analysis.
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the sticky-price sector can change their prices at each period ¢. The others must
continue charging their old prices.

When sellers get a chance to change their prices at time ¢, they choose their
price X, in order to maximize the following objective’

o0
Z Ofk[/lzEt[Rt,t+chtyr+k(Xt)] - BkEI[U(AS,t+kyI+k(XI))]]:
k=0
where R; 1 = Hi(:o R4 with the initial condition R,;, = 1. Here, production

must equal the demand facing the sellers

Ps,) ' X\
X)=2 ( : Ciir.
V(X)) Y Prx Ps.1ox t+k

The sticky-price index is expressed as

Ps, =[aPg,’ + (1 — o)X, 0/0=0, (13)

The optimal price X, solves the following first order condition:

28] P c -1 X -0
Z Okath "/(1 - 0)R1,1+k< S’Hl) ( ! ) Cz+k
k=0

P t+k P S,t+k

o0 ) X —0 B
= O‘kﬁkEz _VGAS,t+kv,(AS,t+/cyt+k) (P [ ) X, 1Cr+k . (14)
=0 S,t+k
Egs. (9), (10), and (11) imply that
B "(B P
Rioi = kU Bk Cryr) Py (15)

Bz U'(B[C,) PH—k'

Substituting (15) into (14) and arranging terms, (14) reduces to

o0 P ) —1 X —0 0
Z OCkEt Rk Sk d Croiy Xi — 57— Ss,4k =0,
prd ’ Pk Ps ik 0—-1""

(16)

where
Pk
B! Bk Criic)

is interpreted as the marginal cost of production, and 6/(6 — 1) is the constant
markup of price over marginal cost. Eq. (16) implies that sellers in the sticky-
price sector set their price equal to a weighted average of their marginal cost

/
S,k = As 14k V (AS 14k Vi4k)

9We suppress index z for the simplicity of notation, since all producers in the sticky-price sector
are assumed to be symmetric.
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multiplied by the constant markup. Substituting the market clearing condition,
Yiik/2 = Ciyy, yields

o0 P i -1 X —0 0
Z o E, Rk ( ;’H— ) ( d ) Yy X — e—Ss,t+k =0,
= r+k Ps vk -1

)

where

Pt+k
Byt (By ke Yz+k/2).

Egs. (9), (10), (12), (17), (18), the definitions of the price indices in Egs. (4)
and (13), and the monetary policy function which chooses the risk-free nominal
interest rate, jointly determine the equilibrium path of aggregate consumption,
aggregate output, and the price levels in the two sectors. The demand for each
sector is determined by (5) and (6).

(18)

/
SS,I+/c = As,z+kU (As,t+/cyt+k)

3. Inflation and relative prices
3.1. Log-linearized system

In this section we log-linearize the system around the steady state with
constant prices. The stationary variables are defined as follows. Aggregate
inflation is defined by I, = P,/P,_;, while II;,, = P;,;/P;, for i = S, F denotes
the inflation rate in each of the sticky-price and flexible-price sectors. The
relative price charged at time ¢ by firms with new prices in the sticky-
price sector is denoted by x, = X,/Ps,, while x;, = P;,/P, for i=S,F
denotes the relative price in each of the sticky-price and flexible-price sectors.
The price indices thus satisfy the following relationships.'® From Eq. (4) we
have

ﬁt = Vﬁs,r +(1 - V)ﬁF,t~ (19)

Eq. (4) also implies

A 11—y,
XS = — XF,1- (20)
: P _ Psi Psi Py .
If we notice that x5, = P P P We obtain
I, = Ils; + Xs;-1 — Xs,. (21)

1A variable %,, for example, represents the percentage deviation from its stationary value X.
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Using these identities, aggregate inflation is given by

~ ~ 1 —
I, = s, + TVMF,,, (22)

AXp,; = XF,; — XF,-1.

The aggregate demand equation is the log-linearized Euler conditions (9) and
(10), where aggregate demand is equated to aggregate supply,

Y[ == E[ }’}I“rl - O-[R[ - E[ﬁ[+l - Bt + E[é[+1]. (23)

The term —B, + E,B,; can be interpreted as an aggregate demand shock.
From (6) and (5) we obtain the output for both sectors as

Ys,r - f’t + 7 fCF,t, (24)

YF,[ = Y[ - fCF,r (25)

The supply equation of the flexible-price sector, which is obtained by log-
linearizing (12), is given by"'

Spo= (¥, — Y, (26)
where
and

7= l+o !t . cl—-1 . 28)

Fo — t-
O-fl + wfl 0-71 + wfl

Y’E,t is interpreted as a supply shock in the flexible-price sector. It also
represents a change in the natural rate of output in the flexible-price sector, in
the sense that it is the level of supply required to keep certain marginal cost in
the flexible-price sector, in the absence of price variability. Eq. (26) implies that

"Here ¢ = —u"BC/u' and w = v/A4;Y;/v} for i = F, S, evaluated at the steady state values. For
simplicity we assume that w is the same across the all sellers. This is true when v takes a form
v = (4y)"”/(1 + w). Allowing  to vary across the two sectors would slightly complicate the
definition of the “‘aggregate output gap” that is discussed in Section 3.2, but the analysis below
would remain unchanged.
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the relative price of the flexible-price sector depends only on the output gap of
that sector, defined by Y, — Y’;’,.

It can be shown that the supply equation of the sticky-price sector is
given by'?

s, = (Y, — ?Z,,) + BEIIs 11 — K2%s,

— i1 (F, = Vo) + BEMTs 01 + — 128k, (29)
where
=41 aﬁ)%w,
=141 aﬁ)%>0,

}A’g’, is regarded as a supply shock in the sticky-price sector. It also represents a
change in the natural rate of output in the sticky-price sector, in the sense that
it is the level of supply that would arise in the absence of price rigidity.
Eqgs. (23), (26), (29), the definitions of price indices, and the monetary policy
function which chooses R, jointly determine the equilibrium path of Y, R,
XF.t I1, and IAYS,,. We now focus on the analysis of inflation determination.

3.2. The Phillips curve and relative price as a proxy for supply shocks

Sticky-price inflation (29) takes a form of the expectation-augmented Phillips
curve. It depends on the output gap in the sticky-price sector (¥, — f’;,,), its
inflation expectation, and the relative price of the flexible-price good. Here the
relative price of the flexible-price good represents a shift parameter of the
Phillips curve. This is a variant of the aggregate supply equations obtained
from dynamic sticky-price models, called by Roberts (1995) the New
Keynesian Phillips curve. Since firms cannot change their prices every period,
they change prices on the basis of the expectations of future demand and cost
conditions. This results in the expected inflation term.'? The sticky-price

12 Details of derivation can be found in the following web page: http: | /www.bankofengland.co.uk/
workingpapers|external/index.html.

30n the other hand, inflation in the flexible-price sector does not have a Phillips-curve
representation. This is because the price of the flexible-price good can be adjusted each period. This
does not necessarily mean that the relative price of the flexible-price good does not depend on any
expectations about the future. For example, if the good were storable, its current price would
depend on its expected future prices. However, all goods are assumed to be perishable in this model.
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inflation depends also on the relative price of the flexible-price good because
the demand for the composite sticky-price good depends on the relative price as
well as aggregate demand conditions (See Eq. (24).)

It is of interest to compare these results with those of Gordon’s (1975) classic
paper on relative prices and aggregate inflation. In that paper Gordon
considers a model in which the prices of farm goods are flexible while those of
nonfarm goods are fixed, and shows that an increase in the relative price of
farm goods is inflationary. An increase in the relative price of farm goods
causes the nominal price of the farm goods to rise while other prices remain
constant, so raising the aggregate price level. However, Gordon (1975) assumes
that the price in the nonfarm sector is fixed forever, and does not analyze how
the relative price changes over time affect the pricing behavior of the firms in
the nonfarm sector. In contrast, the model of this paper shows that, holding
other conditions constant, an increase in the relative price of the flexible-price
good leads an increase in the prices of sticky-price goods. It is a well known
fact that the increase in the prices of food and energy during the 1970s was
associated with increases in the prices of other goods. This implication of our
model agrees with this historical episode.

It is of great interest to examine the implications of this model for the
econometric specification of aggregate inflation, since much of the empirical
literature on the Phillips curve uses aggregate data. Using Eqgs. (22) and (29),
aggregate inflation is given by

. . n . 1— . " N
11, = 160(F, = Pg,) + BEI 1+~ (cake, + ASe, — BE A Rpii1),

or equivalently,

1—
I=xY, + ﬂEszH +

(szFz + AXp, — BEAXE 1) — K Yg,
(31)

Eq. (31) is the form of the Phillips curve that is estimated by Roberts (1995).
Here aggregate inflation depends on detrended aggregate output, aggregate
inflation expectations, the relative price of the flexible-price good, and the YS ,
disturbance. Roberts (1995) uses changes in real oil prices as a proxy for supply
shocks when he presents his estimates of the Phillips curve. He finds that the
effect of the relative price of crude oil on aggregate (CPI) inflation is
statistically significant. Our expression for aggregate inflation Eq. (31) agrees
with Roberts’ (1995) results once the way the relative price enters into the
Phillips curve equation is correctly specified. However, one sector models, from
which his estimation equations are derived, do not explicitly explain how the
price of oil affects the pricing behavior of the firms in the other industries.
The mechanism considered in our model is the substitution between the
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flexible-price good and the sticky-price goods. When the price of the
flexible-price good increases the houscholds increase the demand for the
sticky-price goods. Facing an increase in demand, the sellers in the sticky-price
sector raise their prices.

Note that (26) shows that the relative price of the flexible-price sector is
affected not only by the supply shock in the flexible-price sector but also by
aggregate demand. Thus, if the current level of consumption and the relative
price of the flexible-price good are observed, then the supply shock in the
flexible-price sector can be identified. In this sense, relative prices can be used
as proxies for supply shocks. However, they do not provide complete
information about supply shocks. In particular, it is not possible to extract
information about the supply shock in the sticky-price sector by observing the
relative price.'* Therefore, Yg’, from the estimation equation of the Phillips
curve even if one adds a relative-price term as a proxy for supply shocks.

3.3. Inflation in the sticky-price sector as a measure of core inflation

We can solve (29) forward to obtain
- . 5 A -7
HS,t =E Z ﬁl |:K1(Yt+i - Ys,H_,-) + TKZJACF,H:' . (32)
i=0

Therefore, inflation in the sticky-price sector represents a relatively persistent
component of aggregate inflation because it responds to smoothed expectations
of future output gaps and relative-price changes. Hence (32) can be interpreted
as a measure of core inflation. Since the distributed lead coefficients in (32) die
out only very slowly as 7 increases, sticky-price inflation depends mainly upon
the relatively persistent components of variations in the output gap and
relative-price changes. Sticky-price inflation will itself be a persistent variable,
since it is a good predictor of its own future values.

Alternatively, by substituting (26) into (29), sticky-price inflation can be
expressed as

A 1 - s ~ A7 ~
Ils, = ;KI[V(Yt - Ys,z) + (1 =Y, — YF,[)] + BEIs 1. (33)

Here,

G =¥, Vg )+ (1 - (¥, - T} (34)

“The supply shock in the sticky-price sector affects the relative price of the flexible-price sector
trough changes in aggregate consumption. Given changes in aggregate consumption, changes in the
relative price does not have further information about the supply shock in the sticky-price sector.
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represents the aggregate output gap, where the relative weights on each output
gap are equated to the proportion of spending on the goods in each sector.'’
Therefore, sticky-price inflation is determined by smoothed expectations of
current and future aggregate output gaps

0

. 1 .
Hs,z = ;KIEI Z ﬁlGH—i- (35)
i=0

Much literature on core inflation is mainly concerned with how to remove
temporary ‘“‘noise’ in order to get better forecasts of future inflation. For
example, Bryan and Cecchetti (1994) suggest trimmed mean inflation as a
measure of core inflation.'® Their approach is based on the hypothesis that large
price changes are caused mainly by large sector-specific shocks whose effects on
aggregate inflation are temporary. By trimming these outliers, they argue, the
remaining inflation measure represents the persistent part of aggregate inflation
that monetary policy can control. However, the effect of a sector-specific shock
(a supply shock to food and energy markets, for example) on aggregate inflation
would not always be transitory. Eq. (32) implies that if a shock is persistent,
then it could change inflation expectations and thus affect aggregate inflation
for a long period of time. Moreover, the sticky-price firms may change their
prices largely when they get a chance to do so. This is because the firms need to
take into account the fact that they would have to keep charging their current
price in the future. Suppose, for example, a firm expects that inflation may be
higher in the near future. Since the firm changes its price on the basis of future
demand and cost conditions, it would increase its price largely today in order to
keep its future relative prices near its desired levels. For example, prices of
magazines are kept for a long period of time, but when their prices are adjusted,
the percentage changes in the price are large. Large price changes of this kind
are due to price stickiness, and therefore it is not desirable to exclude goods with
large price changes from the components of core inflation simply because their
price changes are large. The nature of pricing behavior is as important as the
nature of shocks in constructing a good measure of core inflation.

'SWhen o takes different values between the sticky-price sector and the flexible-price sector, then
(33) is given by
O P S PR < RAC U A VS SR S BT
B Y 3 wgl +a.71 w'?l 41 F,t t 41
where the subscripts F is for the flexible-price sector and S for the sticky-price sector. Therefore, the
definition of the aggregate output gap would be slightly different. However, this does not change
the analysis below.

16Bryan and Cecchetti (1994) apply Ball and Mankiw’s (1995) model with a menu cost of
changing prices.
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4. Optimal monetary policy

We now characterize the optimal monetary policy for the economy described
by the model. Much of the literature on optimal monetary policy assumes that
the objective of a central bank is to minimize the squared deviations of certain
measures of inflation and output from their target values.!” In our model the
central bank has a choice between several different possible measures of
inflation and output gap, and it is of great interest to study which variables are
the appropriate goal variables of the central bank.

The objective of the central bank here is assumed to be to maximize the ex-
ante utility of the households. Setting the central bank’s objective as the
maximization of the households’ utility implicitly assumes that the central
bank is not responsible for the welfare loss due to factors which are not
assumed in the model.'® The idea is that the government could use other
instruments to remove welfare loss caused by these factors, and the central
bank is responsible only for the welfare loss due to price stickiness which is the
propagation mechanism of business cycles in our model. Furthermore,
following Rotemberg and Woodford (1997, 1999), we take a second order
Taylor series approximation of this welfare measure around the steady state
values with constant prices. The important advantage of this approach is that
we can derive a loss function for the central bank that is theoretically justified
in terms of individual welfare. Using this loss function we can evaluate
alternative monetary policies and analyze which variables should be stabilized
in the optimal equilibrium. It will be shown that the optimal monetary policy
for the economy in this setting is the complete stabilization of sticky-price
inflation.

4.1. Welfare of the economy

As stated above, we look for an optimal monetary policy which maximizes
the welfare of the households. Following Rotemberg and Woodford
(1997, 1999), the welfare measure we consider is the ex-ante expected utility
given by "

1
W=EW]=E [2U (B/Y,/2) - /0 (s ysi(2) dz — (4, YE) | (36)

17See, for example, Clarida et al. (1999).

"8 The costs of inflation that are often discussed are, for example, the distortions caused by un-
indexed tax system and the redistribution of income and wealth over heterogeneous agents. These
costs are typically due to the failure of nominal contract to adjust inflation.

YHere U(B, Y,/2) is multiplied by two because we assume that there are mass of one of agents in
each of the flexible-price and sticky-price sectors.
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in the stationary equilibrium, where aggregate consumption is equated to
aggregate supply. It should be noted that our specification of the utility of the
representative household (1) implies that we do not consider the so-called shoe-
leather cost of inflation, which is the welfare cost of inflation due to the
decrease in money holding.?® We take a second order Taylor series
approximation of (36) around the steady state where all prices are constant.
We assume that this steady state involves a tax rate which is set such that the
steady state level of output in the sticky-price sector is efficient. Thus, monetary
policy is not responsible for the welfare loss that arises from the distortion
caused by monopoly power.?!
It can be shown that a second order Taylor expansion of W, is given by

1 A
W= —3UT" + o HG

1 _ -~ I I ] 1
= SU YU =)y + DIFs; = Tr) — k(¥ — Vi )’

- %U’ Yy(O0 ' + o YVar.[p,(2)] + tip. + OQ3). 37
In Eq.(37) U and Y are evaluated at their steady state values. Here the
aggregate output gap G, is defined by (34), and the term «( fg,[ -Y '; )
represents the efficient fluctuation in relative output where « is defined by (27).%
The term Var.[§,(z)] represents the output dispersion in the sticky-price sector.
The term t.i.p. represents terms that are independent of policy, which consist of
variations in exogenous variables, and the term (J(3) indicates that we neglect
terms that are of third or higher order in the deviations of variables from their
steady state values. Eq. (37) shows that welfare depends only on real factors:
namely the aggregate output gap, the deviation of relative output from its
efficient value, and the dispersion of the level of output in the sticky-price sector.

Alternatively, one can write welfare as a function of relative prices.
From Eqgs.(24) and (25) we have a relationship between relative price

20Gee, also, Section 4.4

211t is often argued that expansionary monetary policy is welfare improving since it can reduce
the market power of monopolistic producers. However, there are better policy variables such as tax
system with which to address the distortion caused by monopoly power. Here, we focus our
analysis on the welfare loss due to the failure of the firms to adjust their prices to the exogenous
shocks.

2 Details of calculations in this section can be found in the following web page: http:/]
www.bankofengland.co.uk|workingpapers/external/index.html.

23 Using (28) and (30), this simplifies to
K( f’g, - Y:,) = (‘fis,r) - (—/iF,z)~

Therefore the efficient relative output depends solely on the relative random variations in the
disutility of production in each sector.
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and relative output

Xr = 9( I;vS,t - YFJ)' (38)
Similarly,
5, = (s, — Vi) (39)

is the efficient relative-price changes. It is also the change in the level of the
relative price that would arise in the absence of price stickiness. Substituting
these into (37) we obtain
1 - )
W, = — EU’ Yo'+ 0 NG,

1 -1 — "
- U YT/(afl + D) (Ery — #5,)°

- %U’ Y90 + o YWWar[p,(2)] + tip. + O3). (40)

Taking unconditional expectation of (40) we obtain®*

W= - %U’ Y(o™' + o H[Var[G ]+ (E[G])]

1 ,-1— N ok N o
—UT o DV artse — 50+ (BlSes — 5D

- %y U'YO + o HE[Var.[p,)]l. (41)

Furthermore, E[Var.[y,(z)]] can be written as a function of the sticky-price
inflation process. This is because the dispersion of output levels in the sticky-
price sector directly corresponds to the degree of price dispersion in this sector.
Price dispersion, in turn, depends on the process of the sticky-price inflation in
this model. With this substitution, we obtain

W= - %U’ Y(o™' + o H[Var[G]+ (E[G])]

1 ,-1— R o N o ¥
— QU@ DV arlie, = 53,1+ (Bl — 53,

04

(= Vertis d + (ELIs D7) (42)

—%yU'Y(O’l + ol

Eq. (42) clarifies which kinds of stabilization are important for the social
welfare. It shows that the relevant variables for welfare are the variations

2*We suppress r.i.p. and 0(3) here.
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of the aggregate output gap, core inflation (i.e., sticky-price inflation),
and the deviation of the relative price from its efficient value.”®> Eq. (42)
also identifies the proper weights on the variabilities of each variable, as
functions of the preference parameters (o, ®, y, ) and the degree of price
stickiness ().

We can furthermore express our welfare function as a function of only core
inflation. Eq. (33) implies that the aggregate output gap is given by

Gr == KL(IAYS’, - ﬂErf[S,tH)-
1

Using (26) and (39), we can express the deviation of the relative price as a
function of the aggregate output gap

fr, = &, =¥ = Vi) — (¥, = Vi)
=i{¥: —9¥s, — (L =¥} = «G.. (43)
Therefore, the deviation of the relative price reduces to
XEy — )Acli,r = %K(ﬁs,z - ﬁEtﬁS,tH)-
Substituting these into (42) and arranging terms, we obtain
W = —JVarllls, — BE s 1] — 22 Var(lls,] = Ja(E[fTs,)7, (44)

where A1, /», A3 are defined as

b= pUT S0 0+ 4o
1

/125

| —

STV | (-1 -1 %
/UY[(G +w )(1_002],

= pUT [0 = 500+ 0™ 4 = o™ 4 o))+ 0
1

1 o
e )<1—a>2}'

251t can be also shown that average aggregate output gap E[G,] and relative-price deviation
E[xXg, — )‘c;,,] can be expressed as functions of only E[IIs,]. We use this fact to derive (44) below.
Therefore, our loss function is
W = —L — J3(EllIs)),
where L similar to a conventional quadratic loss function with a relative-price term

L=a, Var[Y — y);"s, —(1—9) f";_-] + az Var[lls] + a Var[xg, — fc;,l],

where a,, a,, and a, are relative weights on the variabilities in output gap, inflation and relative
prices, respectively.
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Eq. (44) attains its theoretical maximum when 175,, =0 at all 7, implying that
complete stabilization of core inflation maximizes the social welfare. We
discuss the properties of the optimal equilibrium in the next section.

4.2. Complete stabilization of sticky-price inflation

Eq. (35) implies that, if the central bank chose the interest rate R, such that
the aggregate output gap G, is zero at any time 7, then in a rational expectations
equilibrium core inflation would be completely stabilized, i.c., IAYSJ =0 at all
times. Note that these responses are also equivalent to those that would arise in
an economy where the prices in both sectors are completely flexible. This is an
extension of the results obtained by several authors who use one-sector sticky-
price models (Ireland, 1996; King and Wolman, 1999; Rotemberg and
Woodford, 1997, 1999). In a one-sector sticky-price model where only the
market friction is price stickiness, complete stabilization of aggregate inflation
is desirable,”® and so, monetary policy should target aggregate inflation. By
stabilizing aggregate inflation the central bank can remove market distortion
due to price stickiness. In the model considered here, it is sticky-price inflation
that should be targeted, because price stickiness in the sticky-price sector is the
only market friction. The central bank should pay attention to core inflation
not because it is useful for forecasting future aggregate inflation (which many
authors suggest it should target), but because it is core inflation that should be
targeted in order to achieve the socially optimal allocation of resources.

Eq. (43) implies that the change in the relative price would also be efficient in
the optimal equilibrium,

RE, = R, (45)

Therefore if core inflation is completely stabilized, the changes in the relative
price solely depends on changes in the technology in both sectors. Demand
factors do not affect these changes in the relative prices. This result implies that,
even though the stabilization of the relative price around its time-varying optimal
level is an appropriate goal for the central bank, (see Eq. (42)), stabilizing core
inflation at all times is sufficient for keeping the relative price at its efficient level.
From (22) and (45) aggregate inflation in this equilibrium is given by

Py ok 1 - V Ak Ak
I, = v (XF,z - xF,rfl)
=(1—ra{(Yg, — Yp)— FTg, — Y, )k (46)

This represents the optimal aggregate inflation rate.

26This conclusion assumes that the zero-bound of nominal interest rates does not prevent such a
policy. Our result also abstracts this issue. See Rotemberg and Woodford (1997) and Woodford
(1999a) for a discussion on the optimal policy under the presence of the zero bound.
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How should the central bank choose the nominal interest rate in order to
achieve the optimal equilibrium? The interest rate which is consistent with the
optimal equilibrium can be calculated by using Eqs. (22), (23), (34), and (45). It
is given by

e 1 ~n AN A1 O
R, :;[y(E, Yo = Ys )+ (0 =EYE, — Y;,r)]

11

+ (1 - V)KB{Et[Yg,tH - Y’l;,tﬂ] - (Y’;t - YF,t)}
+ (EBip1 — By). (47)

This is a variant of the “Wicksellian” natural rate of interest.?’ It is the optimal
real interest rate, in terms of the sticky-price goods, which is determined solely
by real factors. It is also the equilibrium real interest rate in terms of the sticky-
price goods that would arise in the absence of price stickiness. Using (46),
we can also derive the equivalent natural interest rate in terms of the
complete basket of goods

A =R’ — EJI,.,
1 AN AN AT AN N N
=5 (& Yg — Ys,z) + (1 = )(E; Ye i — YF,;)] + (EBii1 — B)).
(43)

The notion of the natural interest rate is useful to judge whether monetary
policy is too inflationary or deflationary. We can rewrite the aggregate demand
Eq. (23) as

ér = EIGH—I - O'[(Iét - EzﬁH-l) - fz*] (49)

Eq. (49) implies that the current aggregate output gap is determined as a
distributed leads of the expected deviations of the current and future real
interest rates from the natural interest rates,

o0

G =—E Z ol(Rivi — Hyyiv1) — #1,). (50)
i=0

If the real interest rates were chosen lower than the natural rates, then the
current aggregate output gap would be positive, requiring a higher core
inflation as a result of (35). On the contrary, if the real interest rates were above
the natural rates, then the current aggregate demand gap would be negative
and the policy would be deflationary. By choosing a nominal interest rate equal

?TFor the recent discussion of this concept, see Blinder (1998) and Woodford (1999a).
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to the natural rates at all times, the central bank can completely stabilize core
inflation, maximizing the social welfare.?®

4.3. Core inflation targeting and the output gap-inflation variability trade-off

The previous section has shown that the central bank should stabilize the
aggregate output gap in order to stabilize core inflation. The optimal aggregate
inflation rate is given by (46), which is not in general equal to zero. This implies
that stabilizing aggregate inflation and stabilizing the aggregate output gap are
not consistent each other in this model. The existence of output gap-inflation
variability trade-off is originally emphasized by Taylor (1979) and has been an
important guiding principle in studies of monetary policy. However, standard
(one sector) New Keynesian sticky-price models predict that there is no output
gap-inflation variability trade-off when the output gap is defined as a deviation
from the efficient level of output, rather than a deviation from trend.?® In other
words, they predict that stabilizing output gap at all times would lead to the
complete stabilization of inflation. However, bringing down inflation is costly
in the real world,*® and this is regarded as a challenge to the New Keynesian
models. Clarida et al. (1999) use a one-sector sticky-price model and argue that
a certain kind of cost-push shocks could induce the output gap-inflation
variability trade-off. Their specification of the Phillips curve is

I, = K(f’z - f]’:) + ﬁEtﬁtH + uy,

where II, is a measure of aggregate inflation, ¥, — f’}; is a measure of the
aggregate output gap, and u, is a cost-push shock. Note that their specification
is very similar to our inflation equation in the sticky-price sector (29). The
relative-price term corresponds to their cost-push disturbance. Their notion of
cost-push disturbance can be interpreted as a factor that influences the relevant
inflation measure but is not included in their definition of the output gap.
Furthermore, our two-sector model predicts that there would be no trade-off

between stabilizing core inflation and stabilizing the aggregate output gap, but

28 An important question is how the central bank can implement the optimal policy given by (47).
Implementation of the optimal monetary policy requires the knowledge of the demand and supply
shocks, but it is impossible for the central bank to directly observe them in the real world.
Furthermore, the interest rate policy given by (47) is not a good candidate for the policy
recommendation. One reason is that the policy (47) would result in the indeterminacy of equilibria,
since (47) does not depend on any nominal variables. For these reasons, the construction of a
feedback rule which depends only on observable variables and which results in a unique
equilibrium remains to be an important problem. See Rotemberg and Woodford (1999) for the
construction of the feedback rules that implement the desirable equilibrium.

Y See, for example, Clarida et al. (1999), Goodfriend and King (1997), and Rotemberg and
Woodford (1999).

3For example, Ball (1994) documented costly disinflation in 19 countries.
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there would be a trade-off between stabilizing aggregate inflation and
stabilizing the aggregate output gap. Thus, whether output gap-inflation
variability trade-off exists or not would depend on which measures of inflation
and the output gap are relevant for the central bank.

An important question for the central bank is which variables should be the
appropriate goal variables. For example, suppose there is an increase in the
price of food and energy, as observed in the 1970s, putting an upward pressure
on aggregate inflation. Is it desirable for the central bank to stabilize aggregate
inflation? The central bank could respond with a sharp contractionary policy
and reduce aggregate demand by a large amount so as to decrease prices in the
sticky-price sector. By doing so, the central bank could offset the effect of the
increase in the price of food and energy on aggregate inflation. However, our
model shows that such a policy is not optimal. The optimal policy is to stabilize
core inflation.?' Furthermore, we have shown that stabilizing the relative prices
around their efficient level is one of the appropriate goals of the central bank,
and that stabilizing core inflation is sufficient for this goal. Of course it does not
imply that the central bank need not pay attention to any observed relative-
price changes. As discussed in Section 3, the relative-price changes convey
information about the supply shocks to the flexible-price sector, and the central
bank needs this information in order to stabilize core inflation.

4.4. Discussions

Here we discuss briefly how our utility-based welfare analysis is modified if
we incorporate two complications from which we abstracted in the analysis.
First of all, we consider implications of transactions frictions for optimal
policy. Next we consider lags in the effects of monetary policy actions on the
sticky-price inflation.

4.4.1. Transactions frictions

In our model, we abstracted from the cost of inflation caused by the
transactions frictions that account for the demand for money (i.e., triangles
under the money demand curve). If we take the transactions frictions into
account, complete stabilization of the sticky-price inflation is no longer
optimal. This is because, as Friedman (1969) famously argues, the policy which
minimizes welfare loss caused by the transactions frictions would require
deflation (this deflation rate is known as the Friedman rule, i.e., minus the
rate of time preference).>? Therefore, there is a conflict between minimizing

31 See, also, the discussion of Goodfriend and King (1997).

32See, also, Wolman (1997) and King and Wolman (1999). Wolman (1997) indicates that the
most of the welfare gains from reducing average inflation from 5 percent to the Friedman rule are
gained by making inflation zero.
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the welfare loss caused by the relative price dispersion among the sticky-
price goods and minimizing the welfare loss caused by the transactions
frictions.

More specifically, in a framework of a one-sector sticky-price model,
Woodford (1999b) shows that the utility-based welfare measure under the
presence of the transactions frictions is given by the sum of the variabilities of
(1) inflation, (ii) output gap, and (iii) the deviations of the nominal rate from its
target, whose value is negative. The minimization of the last term requires
deflation, as argued by Friedman (1969), so there is a conflict between the rate
of inflation needed to minimize the first term and that needed to minimize the
third term. If we applied his analysis to our two-sector model, the proper loss
function of the central bank should put a positive weight on the interest-rate
variability, in addition to the variabilities of the sticky-price inflation, the
aggregate output gap, and the deviation of the relative price from its
efficient value. An important point to be noted here is that, although
complete stabilization of the sticky-price inflation is no longer optimal, the
proper measure of inflation to be stabilized is still the sticky-price inflation
but not aggregate inflation. This is because the inefficient relative price
dispersion among the sticky-price goods is caused by inflation in the
sticky-price sector. Therefore, core inflation targeting continues to be a good
candidate for a good monetary policy even if the transactions frictions are
taken into consideration.

4.4.2. Lags in the effects of monetary policy on inflation

Our model, along with many in this literature, models the sticky prices as
forward-looking variables rather than predetermined variables, and assumes
that monetary policy actions has an immediate impact on the current output
and the sticky-price inflation. However, the empirical literature on inflation
finds that there exist lags in the effects of monetary policy on inflation. For
example, Christiano et al. (1999) report that an monetary policy shock
decreases the GDP deflator with a lag of roughly six quarters. Rotemberg and
Woodford (1997) report that, after a contractionary monetary policy shock,
the greatest decline in inflation occurs two quarters later. Cochrane (1994) also
obtains very similar impulse responses.

The delay in responses of inflation to monetary policy actions can be
explained by the existence of decision lags or information lags in price setting.
For example, Rotemberg and Woodford (1999) develop a variant of the Calvo
model with pricing decision lags. Specifically, they assume pricing decision lags
of one and two quarters for the two groups of firms. They argue that these
assumed delays can explain why no prices respond in the quarter of a monetary
policy shock and why the largest response of inflation to a monetary policy
shock takes place two quarters after the shock, as they find in the empirical
part of their paper. Under the assumption of the pricing decision lags of this
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kind, Rotemberg and Woodford (1999) furthermore show that a proper loss
function of a central bank should put a positive weight on the variability of an
unforecastable component of inflation (namely, Var[II, — E,_»II,] under their
model specification), in addition to the variabilities of inflation and the output
gap.

Their argument could be directly applied to our two-sector model with a
sticky-price sector and a flexible-price sector. The central bank in this case
should put a positive weight on the variability of an unforecastable component
of the sticky-price inflation, in addition to the variabilities of the sticky-price
inflation, the aggregate output gap, and the deviation of the relative price from
its efficient value. Furthermore, it should be noted that complete stabilization
of the sticky-price inflation at zero can ecliminate the variability of its
unforecastable component. Therefore, stabilizing the sticky-price inflation
continues to be the optimal monetary policy in our model, even if we modify
the model in order to capture the observed lags in the effects of monetary
policy on the sticky-price inflation.

4.5. An interpretation: domestic inflation targeting in a small open economy

In this section, we apply the model to an analysis of a small open economy,
and discuss the optimal monetary policy response to changes in the exchange
rate. We assume a small open economy which produces differentiated industry
goods whose prices are sticky, and imports raw material such as food and
energy. Exchange rate often exhibits large variability, which will affect the
relative price between domestic and foreign goods, which in turn will affect
both domestic and foreign demand for domestic goods. Thus, changes in the
exchange rate affect the pricing decisions of domestic firms. At the same time,
the exchange rate affects the domestic currency prices of foreign goods, which
enter the consumer price index. For example, a currency depreciation puts an
upward pressure on aggregate inflation. For this small open economy, an
interesting question is whether the central bank should stabilize broad inflation
measure, which includes prices of imported goods, or domestic inflation.

Svensson (2000) addresses this question. He assumes that the central bank’s
loss function is the weighted sum of unconditional variances of measures of
inflation, output, and interest rate. Using this loss function, he examines the
consequences of strict and flexible inflation targeting, domestic and CPI-
inflation targeting, as well as the consequence of the Taylor Rule. He calibrates
standard deviations of domestic inflation, CPI-inflation, output, exchange rate,
and interest rate for each policy regime. Based on the calibration results, he
argues that flexible CPI-inflation targeting stands out as successful in limiting
not only the variability of CPI inflation but also the variability of output and
the real exchange rate.
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The model developed in the previous section could be applied to the analysis
of a small open economy with sticky prices.>> Our model implies that the
optimal monetary policy for this economy would be the complete stabilization
of domestic inflation. This argument is intuitively verified by noting that, in this
open economy, price stickiness of the domestic producers is still the only
distortion. Then it would be optimal for the central bank to stabilize inflation
in that sector. When domestic inflation is completely stabilized, then the
responses of the economy to the various shocks is equivalent to those that
would arise in an economy with a domestic sector that has flexible prices. Note
also that, in this model, the stabilization of the real exchange rate around its
time-varying optimal value would be an appropriate goal of the central bank.
Presence of the relative-price term in our welfare function (42) implies this
observation. However, our model also implies that there is no trade-off
between the goal of domestic inflation stabilization and the goal of exchange
rate stabilization, when the latter is properly understood. Stabilizing domestic
inflation at all times is sufficient for keeping the real exchange rate at its
optimal level at all times.

5. Conclusion

In this paper, we addressed two important questions for a central bank
under the existence of sector-specific supply shocks: the relationship between
relative-price changes and inflation fluctuations, and the identification of
appropriate goal variables for the central bank. We showed that the relative
price of the flexible-price good represents a shift parameter of inflation in the
sticky-price sector. This feature of the model is in agreement with the findings
of the empirical literature on the Phillips curve that the relative price of food
and energy is significant source of supply shocks. We also characterized the
optimal monetary policy that maximizes the welfare of the representative
household. The optimal monetary policy for the economy described in the
model is a complete stabilization of the inflation in the sticky-price sector. This
result implies that the central bank should target core inflation, defined as
inflation in the sticky-price sector, rather than a broad inflation measure.
Furthermore, the model predicts that stabilizing core inflation and stabilizing
the aggregate output gap are consistent each other. The model also predicts
that, although stabilizing the relative price around its efficient level is one of the
appropriate goals of the central bank, stabilizing core inflation is sufficient for
achieving this goal.

33 1n fact, Svensson (2000)’s aggregate supply equation is closely related to our Phillips curve in
the sticky-price sector.
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The characterization of an optimal monetary policy would critically depend
on the central bank’s goal variables and propagation mechanism of business
cycles. The appropriate goal variables, in turn, depend on the structure of the
economy. It is therefore important to use an optimizing model to identify the
appropriate goal variables of the central bank and its optimal policy regime.**

References

Ball, L., 1994. What determines the sacrifice ratio? NBER Working Paper 4306.

Ball, L., Mankiw, G., 1995. Relative price changes as aggregate supply shocks. Quarterly Journal of
Economics 110 (1), 161-193.

Benigno, P., 1999. Optimal monetary policy in a currency area. Working Paper, Princeton
University.

Blinder, A., 1998. Central Banking in Theory and Practice. MIT Press, Cambridge.

Bryan, M., Cecchetti, S., 1994. Measuring core inflation. In: Mankiw, G. (Ed.), Monetary Policy.
University of Chicago Press, Chicago, pp. 195-215.

Calvo, G., 1983. Staggered prices in a utility-maximizing framework. Journal of Monetary
Economics 12 (3), 383-398.

Clarida, R., Gali, J., Gertler, M., 1999. The science of monetary policy: a new Keynesian
perspective. Journal of Economic Literature 37, 1661-1707.

Cecchetti, S., 1997. Measuring Short-Run Inflation for Central Bankers. Federal Reserve Bank of
St. Louis Review 79 (3), 143-155.

Christiano, L., Eichenbaum, M., Evans, C., 1999. Monetary policy shocks: what have we learned
and to what end? In: Taylor, J.B., Woodford, M. (Eds.), Handbook of Macroeconomics, Vol.
1A. Elsevier, Amsterdam, pp. 65-1438.

Cochrane, J., 1994. Shocks. Carnegie-Rochester Conference Series on Public Policy 41, 295-364.

Friedman, M., 1969. The optimum quantity of money. In: The Optimum Quantity of Money and
Other Essays, Aldine, Chicago.

Goodfriend, M., King, R.G., 1997. The new Keynesian neoclassical synthesis and the role of
monetary policy. In: Bernanke, B., Rotemberg, J. (Eds.), NBER Macroeconomics Annual. MIT
Press, Cambridge, pp. 233-283.

Gordon, R., 1975. Alternative responses of policy to external supply shocks. Brookings Papers on
Economic Activity 1 (75), 183-206.

Ireland, P., 1996. The role of countercyclical monetary policy. Journal of Political Economy 104
(4), 704-723.

King, R.G., Wolman, A.L., 1999. What should the monetary authority do when prices are sticky?
In: Taylor, J.B. (Ed.), Monetary Policy Rules. University of Chicago Press, Chicago, pp. 349—
404.

Ohanian, L., Stockman, A., Kilian, L., 1995. The effects of real and monetary shocks in a business
cycle model with some sticky prices. Journal of Money, Credit, and Banking 27 (4), 34-1209.

Roberts, J., 1995. New Keynesian economics and the Phillips curve. Journal of Money, Credit, and
Banking 27 (4), 84-975.

Rotemberg, J., Woodford, M., 1997. An optimization-based econometric framework for the
evaluation of monetary policy. In: Bernanke, B., Rotemberg, J. (Eds.), NBER Macroeconomics
Annual. MIT Press, Cambridge, pp. 57-126.

34 An interesting research in this area is Benigno (1999), which characterizes an optimal monetary
policy in a monetary union.



80 K. Aoki | Journal of Monetary Economics 48 (2001) 55-80

Rotemberg, J., Woodford, M., 1999. Interest-rate rules in an estimated sticky-price model. In:
Taylor, J.B. (Ed.), Monetary Policy Rules. University of Chicago Press, Chicago, pp. 57-126.

Svensson, L., 2000. Open-economy inflation targeting. Journal of International Economics 50, 155~
183.

Taylor, J.B., 1979. Estimation and control of macroeconomic model with rational expectations.
Econometrica 47, 1267-1286.

Wolman, A.L., 1997. Zero inflation and the Friedman rule: a welfare comparison. Federal Reserve
Bank of Richmond Economic Quarterly 83, 1-21.

Woodford, M., 1996. Control of the public dept: a requirement for price stability? NBER Working
Paper 5684.

Woodford, M., 1999a. Optimal monetary policy inertia. NBER Working Paper 7261.

Woodford, M., 1999b. Inflation stabilization and welfare. Working paper, Princeton University.



