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Abstract
Modern economies exhibit various structural and dynamic characteristics. At the same

time, many central banks have implemented the similar strategy, i.e. in�ation targeting,
as an operational framework. Controversial normative issue - is such stabilization ob-
jective welfare maximizing for more complex models with heterogeneous elements across
sectors? This article analyzes optimal monetary strategy and policy trade-o¤s in a DSGE
model of an open economy with traded and non- traded sectors. We approximate the
utility of the representative consumer to obtain a micro-founded quadratic loss function
of the form extensively used for monetary policy assessment. The central bank�s opti-
mal strategy is computed and optimal and simple policy rules compared according to the
derived welfare measure. We assess the role of openness, structural characteristics, and
relative prices for monetary policy design. The model is calibrated to match the moments
of main macroeconomics variables of Canadian economy. The �ndings suggest that central
bank�s objectives display sector-speci�c features thus generating important implications
for optimal policy and welfare. The ranking of simple rules indicates that �exible CPI
targeting regime that includes a certain degree of internal relative prices management
is able to closely replicate the optimal solution and outperform the policy of domestic
in�ation stabilization. Finally, we conduct the sensitivity analysis and evaluate welfare
implications of sectoral heterogeneity for targeting the alternative price indices.

JEL classi�cation: E52, E58, E61, F41
Keywords: DSGE models, non-traded goods, optimal monetary policy

1 Introduction

In recent decades the approach to monetary policy conduct has shifted to a more systematic one.

Many central banks have formulated their policy objectives explicitly and, more speci�cally,
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have announced their commitment to price stabilization as the overriding policy goal. As

a result, a new operational framework, in�ation targeting, has been introduced by the most

advanced central banks. At the same time, important features of modern economies, such as the

social and economic consequences of unemployment, uncertainties of various types, asymmetric

economic structure, and interrelations with the rest of the world, have brought about e¤orts to

widen the range of policy objectives beyond in�ation (price) stability alone. Therefore, over the

past several years, the attention of economists has turned to the issue of whether strict in�ation

targeting indeed represents the best strategy from the welfare viewpoint. Another important

question is the sensitivity of the conclusions to di¤erent, more complicated model frameworks.

The important attribute of real economies is that they represent the complex systems with

various structural and dynamic characteristics. Should policymakers account for structural het-

erogeneity across economic elements when implementing the monetary strategy, or should they

assume that welfare can be maximized under the uniform speci�cation of the policy objectives?

This paper aims to contribute to the discussion of this crucial issue of monetary policy design

and practical implementation.

The analysis of optimal monetary strategies has been performed in a number of studies.

One thread in the literature computes optimal policy under assumed welfare objectives. In

particular, the loss function of the central bank usually takes the quadratic form with terms

such as in�ation (CPI or domestic) and the output gap, with the weights in front of each target

chosen ad hoc. This approach is very popular in applied research because it greatly simpli�es

the derivations and brings the model dynamics closer to the real data. At the same time, such

an approach assumes certain policy objectives a priory. An alternative methodology analyzes

optimal monetary policy on the basis of the objective function of the central bank which is

derived from micro-foundations. This paper contributes to the second class of literature and

adds to the analysis of optimal policy in open economies, where the formulation of policy targets

appears to be more controversial compared to a closed economy setting. It has been shown

that welfare-maximizing monetary policy in a closed economy should aim to completely stabilize

CPI in�ation and the output gap (Woodford, 2003). In the literature on open economies, the

critical questions are whether the central bank should also target open economy variables, i.e.

the exchange rate, and how the targeting of domestic variables changes under the exposure of

the economy to external factors. Another topic which has attracted a great deal of attention

from both researchers and practitioners is related to the determination of the appropriate

in�ation measure that has to be stabilized. This issue gains particular relevance for the studies

of models with heterogeneous economic structure, which implies the di¤erentiated response of

domestic elements to disturbances of the same type.

A surprising conclusion drawn by several authors who have performed explicit welfare deriva-

tion for models of open economies is that exchange rate �uctuations have no direct impact on

welfare. Speci�cally, Clarida, Gali, and Gertler (2001) �nd that under perfect exchange rate

pass-through, the qualitative results for the closed economy carry over to the open economy.
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Gali and Monacelli (2005), who characterize the welfare of a small open economy for a special

case of parameter values and under the balanced trade assumption, support the previous result

and conclude that the small open economy problem is identical to that of a closed economy.

The above results taken at face value imply optimality of complete exchange rate �exibility.

However, a number of recent studies have challenged this �nding. Speci�cally, Corsetti

and Pesenti (2005), Sutherland (2002), and Monacelli (2003) show that under incomplete pass-

through, optimal policy is not purely inward looking. Benigno and Benigno (2006) analyze

the gains from international monetary policy cooperation. They study the conditions under

which individual countries have incentives to in�uence the terms of trade and thus to deviate

from the socially optimal point. De Paoli (2006) �nds that the simple violation of purchasing

power parity (PPP), which arises from home bias in consumption, brings in a role for targeting

the real exchange rate in a one-sector small open economy model. Liu and Pappa (2005)

consider a two-sector, open economy model in a two-country framework. Their study provides

interesting insights into the impact of an asymmetric structure between sectors on the gains

from cooperation. Their results suggest that in an economy with multiple sectors, and thus

multiple sources of nominal rigidities, optimal monetary policy cannot replicate a �exible price

allocation creating the scope for coordination. The important limitation of their work for the

analysis of optimal monetary policy is the assumption of unitary elasticity of substitution across

goods and a logarithmic utility function. As a result, under this very special case, important

welfare e¤ects vanish and general conclusions concerning the optimal monetary policy cannot

be derived.

In this work, we analyze the stabilization objectives of optimal monetary policy and the

trade-o¤s facing the central bank in a two-sector, small open economy model obtained as

a limiting case of a two-country Dynamic Stochastic General Equilibrium framework. We

assess the role of structural asymmetries, general preferences, and multiple relative prices for

monetary policy design and welfare evaluation. We contribute to the normative analysis of open

economies by introducing a more complicated economic structure, namely, multiple domestic

sectors combined with a variety of sector-speci�c and foreign shocks. In addition, we consider a

general speci�cation of preferences (the elasticity of substitution is non-unitary). These features

of the model di¤erentiate our work from the previous studies, which derived their results for

the special cases of unitary elasticity of substitution across goods or, alternatively, relied on

the ad hoc objective functions. By abstracting from those simplifying assumptions we are

able to uncover additional welfare e¤ects speci�c to the open multisectoral economy and make

a methodological contribution by deriving the utility-based welfare measure and the optimal

reaction function of the central bank under more generalized preferences. For this purpose we

employ the linear-quadratic solution methods discussed in Benigno and Benigno (2006) and

Benigno and Woodford (2005), which involve computation of a second-order approximation

of the utility function and model structural equations. This approach enables us to analyze

the determinants of optimal monetary policy and rank alternative monetary policy regimes

on the basis of a rigorous welfare measure derived from micro foundations and approximated
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by a tractable quadratic form. In addition, we study how the optimal price index that has

to be stabilized is a¤ected by structural asymmetries. In particular, we evaluate the welfare

bene�ts from targeting sector-speci�c versus aggregate price indices (domestic or CPI in�ation)

for various degrees of relative price stickiness. We calibrate the model to match the moments

of variables of Canadian economy.

The results of our study suggest that the loss function of the central bank, which describes

the welfare maximizing stabilization objectives, displays the features of both an open economy

and multisectoral economic structure. Speci�cally, it is shown that social welfare is a¤ected

by variations in domestic in�ation rates and output gaps (with sector-speci�c weights) as well

as in the relative prices (including the exchange rate). We derive the optimal targeting rule,

which determines the variables (targets) to which the central bank should respond in order to

achieve e¢ cient allocation of resources as well as the magnitude of such a response. Further-

more, we experiment with alternative simple rules and analyze their ability to replicate the

optimal solution. We present a ranking of alternative simple rules, which indicates the costs of

implementing alternative monetary strategies and can provide useful information for managing

the con�icting policy objectives. Our results suggest that, in general, targeting the aggregate

(domestic or CPI) in�ation is not the best approximation for the optimal policy, and social

welfare can be improved by accounting for sector-speci�c inlfaiton rates as well as other policy

objectives, namely, the output gap and the relative prices. We show that simple rules with

aggregate variables (in�ations) which incorporate a response to relative price changes achieve

better stabilization of sector-speci�c volatilities, improve welfare, and thus closely approximate

the optimal solution. Such a result is important because a strategy which di¤erentiates the

response between domestic sectors is di¢ cult to design and implement in practice. Generally,

the simple rules perform quite well in terms of macroeconomic stabilization (relative to the

optimal rule) and can deliver reasonable welfare results. We perform a sensitivity analysis in

order to study the impact of sectoral heterogeneity in the degree of price stickiness, the elas-

ticity of substitution, and the degree of openness on the relative performance of policy rules

with sector-speci�c and aggregate variables (in�ation rates). We �nd that the implications

of asymmetric nominal rigidities di¤er for closed and open economies. Welfare bene�ts from

targeting the "core" versus broader in�ation index increase as the economy becomes more open

and prices in the non-traded sector relatively stickier. In addition, it is welfare improving to

weigh appropriately the sectoral in�ation rates if the elasticity of substitution between home

and foreign goods rises. On the contrary, as goods in the non-traded sector become relatively

more elastic, the bene�ts from targeting the measure of the core in�ation gradually vanish and

policy of the domestic in�ation stabilization approximates the optimal strategy rather well.

The paper is organized as follows. Section 2 presents the model and section 3 describes the

equilibrium dynamics. Section 4 analyzes the monetary policy problem and welfare. Section 5

describes the results of the numerical simulation. Section 6 illustrates the welfare implications

of alternative simple rules. The sensitivity analysis is presented in section 7. Finally, the results

of the paper are summarized in section 8.
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2 A Two-Sector, Small Open Economy Model

The framework is represented by a two-country dynamic general equilibrium model where

both sides, Home (the open economy �H) and Foreign (the rest of the world, the relatively

closed economy �F ), are explicitly modeled. The small open economy problem is derived as

a limiting case of such a framework (as in De Paoli, 2006). Each country has two domestic

sectors, which produce traded and non-traded goods; the share of non-traded goods may vary in

the consumption basket of each country. A continuum of in�nitively lived households consumes

the �nal consumption good, which includes goods produced in both domestic sectors as well as

imported goods. Households produce di¤erentiated intermediate goods and receive disutility

from production. We introduce monopolistic distortion and sticky prices in both sectors. These

assumptions represent the standard way of introducing the role for monetary policy into such

class of models. Households as consumers maximize their utility and solve the optimal price-

setting problem as producers.

The model speci�cation allows us to consider the closed economy, the open one-sector econ-

omy, and the economy with unitary elasticity of substitution as special cases of our more general

analysis. We assume sector-speci�c productivity, �scal, and mark-up shocks; the degree of nom-

inal rigidities may also di¤er across sectors. Furthermore, we assume production subsidies in

order to o¤set the monopolistic distortions in both sectors. The international and domestic

asset markets are complete.

2.1 Representative Households

In our two-country framework a continuum of domestic households belong to the interval [0; n),

while foreign agents belong to the segment (n; 1]. The utility function of a representative

consumer in country H or F is given by:

U jt = Et

( 1X
s=t

�s�t[U(Cjs)� V (ys;T (j); A
i
s;T )� V (ys;N(j); A

i
s;N)]

)
;

where j is the index speci�c to the household, and i is the country index; Et denotes the

expectation operator conditional on the information set at time t, and � is the intertemporal

discount factor. U(.) represents the �ows of utility from consumption of a composite good and

V (:) stands for the �ows of disutility from production of di¤erentiated goods. Each household

produces two types of di¤erentiated goods �traded and non-traded. The home economy pro-

duces a continuum of di¤erentiated traded goods indexed on the interval [0; n], whereas the

foreign economy�s traded goods belong to the interval (n; 1]. In addition, a continuum of di¤er-

entiated non-traded goods are indexed on the interval [0; n] and (n; 1] for the home and foreign

country, respectively. A denotes a productivity shock that can be country and sector speci�c.

The subscript T stands for the traded sector, whereas N denotes the non-traded sector.
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In our analysis we assume that preferences have isoelastic functional form:

U(Cjs) =
(Cjs)

1��

1� �
; V (ys;L(j); A

i
s;L) = (A

i
s;L)

�� (ys;L(j))
1+�

1 + �
;

where L = H;N ; � > 0 is the inverse of the intertemporal elasticity of substitution in consump-

tion, and � � 0 is equivalent to the inverse of the elasticity of goods production. The composite
consumption good C is a Dixit-Stiglitz aggregator of traded and non-traded goods de�ned as:

Cj = [
1
! (CjN )

!�1
! + (1� )

1
! (CjT )

!�1
! ]

!
!�1 ;

where CN and CT are the consumption sub-indices that refer to the consumption of non-traded

and traded goods, respectively, ! > 0 is the intratemporal elasticity of substitution, and  is

a preference parameter that measures the relative weight that individuals put on non-traded

goods.

Preferences for the rest of the world are speci�ed in a similar fashion:

Cj� = [(�)
1
! (C�jN )

!�1
! + (1� �)

1
! (C�jT )

!�1
! ]

!
!�1 ;

where the asterisk denotes a foreign country variable.

Traded consumption goods are the aggregators of goods produced at home and abroad and

de�ned as:

CjT = [�
1
�C

��1
�

H + (1� �)
1
�C

��1
�

F ]
�

��1 ;

Cj�T = [(��)
1
� (C�H)

��1
� + (1� ��)

1
� (C�F )

��1
� ]

�
��1 ;

where � and �� are the parameters that determine the preferences of agents in countries H and

F , respectively, for the consumption of goods produced at Home.

As in Sutherland (2002) and De Paoli (2006) we assume that ��, the share of imported

goods from country H in the consumption basket of country F , increases proportionally to

the relative size of the home economy n and the degree of openness e��. Thus we assume that
�� = n � e��. Similarly, (1� �) = (1� n) � e��. Such a speci�cation allows modeling of home bias
in consumption as a consequence of di¤erent country size and degree of openness.

The consumption sub-indices of non-traded, home-produced, and foreign-produced di¤er-
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entiated goods are de�ned as follows:

CN =

24� 1
n

� 1
�

nZ
0

cN(z)
��1
� dz

35 �
��1

; C�N =

24� 1

1� n

� 1
�

1Z
n

c�N(z)
��1
� dz

35
�

��1

;

CH =

24� 1
n

� 1
�

nZ
0

ch(z)
��1
� dz

35 �
��1

; CF =

24� 1

1� n

� 1
�

1Z
n

cf (z)
��1
� dz

35
�

��1

;

CH� =

24� 1
n

� 1
�

nZ
0

c�h(z)
��1
� dz

35 �
��1

; C�F =

24� 1

1� n

� 1
�

1Z
n

c�f (z)
��1
� dz

35
�

��1

;

where � > 1 is the elasticity of substitution across the di¤erentiated goods.

The corresponding consumption-based price indexes for countries H and F take the form:

P = [P 1�!N + (1� )P 1�!T ]
1

1�! (1)

PT = [�P
1��
H + (1� �)P 1��F ]

1
1�� (1a)

P � = [(�)(P �N)
1�! + (1� �)(P �T )

1�!]
1

1�! (2)

P �T = [(�
�)(P �H)

1�� + (1� ��)(P �F )
1��]

1
1�� : (2a)

The price sub-indices for home, foreign, and non-traded goods in the two economies are:

PN =

24� 1
n

� nZ
0

pN(z)
1��d(z)

35 1
1��

P �N =

24� 1

1� n

� 1Z
n

p�N(z)
1��d(z)

35
1

1��

;

PH =

24� 1
n

� nZ
0

ph(z)
1��d(z)

35 1
1��

PF =

24� 1

1� n

� 1Z
n

pf (z)
1��d(z)

35
1

1��

;

P �H =

24� 1
n

� nZ
0

p�h(z)
1��d(z)

35 1
1��

P �F =

24� 1

1� n

� 1Z
n

p�f (z)
1��d(z)

35
1

1��

;

where pN(z); pH(z); and pF (z) are prices in units of the domestic currency of the home-produced

non-traded and traded goods, and foreign-produced goods. The law of one price holds for

di¤erentiated goods, i.e., ph(z) = S � p�h(z) and pf (z) = S � p�f (z), where S is the nominal

exchange rate, de�ned as the price of the foreign currency in terms of the domestic currency.

This in turn implies that PH = S � P �H and PF = S � P �F . However, equations (1) and (2)
demonstrate that the presence of non-traded goods and the home bias in consumption result

in a violation of the Purchasing Power Parity (PPP), i.e., P 6= S � P �. Thus, the real exchange
rate is not equal to one and is de�ned as ER = S�P �

P
. The real exchange rate determinants will

be more explicitly analyzed in subsection 2.5.
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2.2 Aggregate Demand

By solving the consumer�s cost minimization problem, we derive the total demand for the

di¤erentiated goods produced in countries H and F as well as the demand for the non-traded

goods in both countries. The resulting demand equations for country H take the following form:

ydh(z) =

�
ph(z)

PH

���
26666664

�
PT
P

��! �PH
PT

���
�8>>><>>>:

�(1� )C +
�
1
ER

��!�24 � ��

�+(1��)(PFH)1��

�
+�

1���
�(PFH)��1+(1��)

� 35 ��!
1��

(1� �)��C� 1�n
n

9>>>=>>>;+GH

37777775 (3)

ydN(z) =

�
pN(z)

PN

��� "�
PN
P

��!
C +GN

#
; (4)

and for goods produced in country F:

ydf (z) =

�
pf (z)

PF

���
26666664

�
PT
P

��! �PF
PT

���
�8>>><>>>:

(1� �)(1� )C n
1�n +

�
1
ER

��!�24 � ��

�+(1��)(PFH)1��

�
+�

1���
�(PFH)��1+(1��)

� 35 ��!
1��

(1� �)(1� ��)C�

9>>>=>>>;+G�F

37777775 (5)

ydN(z) =

�
p�N(z)

P �N

��� "�
P �N
P �

��!
�C� +G�N

#
; (6)

where G and G� are country and sector-speci�c government purchase shocks, PFH = PF
PH
is the

relative price of foreign to home-produced goods, i.e., the terms of trade, and ER is the real

exchange rate.

In order to obtain the small open economy version of our general two-country framework,

we apply the assumptions �� = n �e�� and (1��) = (1�n) �e�� and take the limit n! 0 similar

to De Paoli (2006). As a result, the demand equations can be simpli�ed to:

ydh(z) =

�
ph(z)

PH

��� 264
�
PT
P

��! �PH
PT

���
��

�(1� )C +
�
1
ER

��! h� 1
�(PFH)��1+(1��)

�i ��!
1��
(1� �)e��C��+GH

375
(7)

ydf (z) =

�
pf (z)

PF

��� 264
�
PT
P

��! �PF
PT

���
���

1
ER

��! h� 1
�(PFH)��1+(1��)

�i ��!
1��
(1� �)C�

�
+G�F

375 : (8)

Therefore, the demand side for our two-sector, small open economy model is represented by

equations (4), (6), (7), and (8).

The demand equations illustrate the small open economy implications, the impact of the
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economic structure, and a more general speci�cation of preferences. In particular, the demand

for goods produced at Home depends on both domestic and foreign consumption, whereas the

demand for foreign-produced goods is not a¤ected by changes in Home consumption. Moreover,

the two-sector model speci�cation brings in the di¤erentiated impact of the terms of trade and

the real exchange rate on the total demand for tradable goods. This happens under the general

assumption that � 6= !: The literature on open economies usually assumes that � > ! ,

� > 1, and ! is small. This implies that non-traded and traded goods are complements in the

consumption basket. At the same time, home and foreign-produced goods are considered as

substitutes.

2.3 International Risk Sharing

Foreign and domestic households have access to the international �nancial market, where state-

contingent nominal bonds are traded. Households at home and abroad make their optimal

consumption-saving decisions. They maximize their utility subject to the sequence of budget

constraints for t = 0; 1; :::

PtCt + EtDt;t+1Bt+1 � Bt +�t + Tt;

where Bt+1 is the holding of a nominal state-contingent bond that pays one unit of home

currency in period t + 1, Dt;t+1 is the period t price of the bond, �t is the pro�t income

from goods production, and Tt is the transfer from the government. The complete-market

assumption implies that the marginal rate of substitution between consumption in the two

countries is equalized:
UC(C

�
t+1)

UC(C�t )

P �t
P �t+1

St
St+1

=
UC(Ct+1)

UC(Ct)

Pt
Pt+1

: (9)

The international risk-sharing equation presented above illustrates the equality of nominal

wealth in both countries in all states and time periods. The violation of PPP implies that

�uctuations in the real exchange rate may result in a divergence in consumption across countries

even under optimal risk sharing.

Consumers�optimization problem implies the following Euler equation:

UC(Ct) = �

�
UC(Ct+1)Rt

Pt
Pt+1

�
;

where Rt is the nominal interest rate. Log-linearization of this condition leads to the following

expression: brt = �
� bCt+1 � bCt�+ E�t+1: (9a)

2.4 Optimal Pricing Decisions

Each household is a monopolistic producer of one di¤erentiated traded and one non-traded

good. The domestic household sets the price pN(z) and ph(z) and takes as given P , PN , PH ,
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PF , and C. The price-setting behavior is modeled according to Calvo (1983). In countries H

and F in each time period a fraction �L 2 [0; 1) of randomly picked producers in each sector
(L = N;H) are not allowed to change their prices. Thus the parameter �L re�ects the level of

price stickiness. The remaining fraction (1 � �L) can choose the optimal sector-speci�c price

by maximizing the expected discounted value of pro�ts:

Et

1X
S=t

(�L�)
S�t
�
UC(CS)

PS
(1� �S)ept;L(z)eyt;S;L(z)� V (eyt;S;L(z); AS;L)� ;

where after-tax revenues in each sector are evaluated using the marginal utility of nominal

income, UC(CS)
PS

; which is identical for all households in the country under the assumption of

complete markets; �S is the tax rate; ept;L(z) is the price of the di¤erentiated good z, which is
produced in sector L, chosen at time t , and eyt;S;L(z) is the total demand for good z, produced
in sector L, at time S, conditional on the fact that the price ept;L(z) has not been changed. All
producers who belong to the fraction (1� �L) choose the same price.

The optimal price ept;L(z), which is derived from the �rst-order conditions, takes the following
form:

ept;L(z) = Et
1P
S=t

(�L�)
S�tV (eyt;S;L(z); AS;L)eyt;S;L(z)

Et
1P
S=t

(�L�)S�t
UC(CS)
PS

1
�S
eyt;S;L(z) ; (10)

where �S;L =
�

(1��S;L)(��1) represents the overall degree of monopolistic distortion and leads to

an ine¢ cient gap between the marginal utility of consumption and the marginal disutility of

production. Benigno and Benigno (2006) and De Paoli (2006) refer to this gap as the mark-up

shock. A Calvo-type setting implies the following law of motion for the sectoral price indices:

PL;t = [�L(PL;t�1)
1�� + (1� �L)ept;L(z)1��] 1

1�� : (11)

Similar conditions can be derived for the producers in country F .

2.5 Real Exchange Rate Decomposition and PPP Violation

In order to explore the structural economic factors that result in PPP violation, we consider

the real exchange rate decomposition. The real exchange rate is de�ned as ER = S�P �
P
. We

use the price indexes (1), (1a), (2), and (2a) to express the real exchange rate as a function of

relative prices and preference parameters. We also use the fact that the law of one price holds

for tradable goods, i.e., PH = S �P �H and PF = S �P �F . The real exchange rate can be presented
as:

ER =

�
�� + (1� ��)(PFH)

1��

� + (1� �)(PFH)1��

� 1
1��
�
�(P �NT )

1�! + (1� �)

(PNT )1�! + (1� )

� 1
1�!

; (12)

where PFH is the terms of trade de�ned in the previous sections, and PNT = PN
PT
and P �NT =

P �N
P �T

are the relative prices of non-traded goods in the two countries. Such a decomposition enables

us to analyze the di¤erent channels of PPP violation. First of all, we note that under � 6= ��;the
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ER is a¤ected by the terms of trade. For our small open economy model speci�cation, given the

assumptions on � and ��; the di¤erence in country size necessarily results in di¤erent shares of

consumption of home-produced goods in countries H and F. This so-called home bias channel

has also been analyzed by De Paoli (2006) and Sutherland (2002).

Another important component that explains the deviation of the ER from PPP is deter-

mined by the multisectoral economic structure. Speci�cally, di¤erent preferences for consump-

tion of non-traded goods across countries, i.e.,  6= �; as well as changes in the relative price

of non-traded goods determine the �uctuation in the ER. The divergence in relative prices may

occur as a result of country or sector-speci�c productivity shocks. Moreover, the law of one

price holds for traded goods only. Nothing can ensure that the same equality will hold for

the goods produced in the non-traded sector. Therefore, the exchange rate in our model is a

composite term of two types of relative prices. As far as the policy issues are concerned, such

a distinction implies a more di¢ cult task of exchange rate management.

3 Equilibrium Dynamics

3.1 Sticky Price Equilibrium

The equilibrium dynamics under sticky prices are characterized by the optimality conditions

derived in section 2. Here, we present a log-linearized version of the model. We de�ne bxt � ln xtx
as the log deviation of the equilibrium variable xt under sticky prices from its steady state value.bxtflex � ln xflext

x
represents the log deviation of the equilibrium variable xt under �exible prices

from its steady state value. Under the assumption of �exible prices, producers can re-optimize

every period so that their pricing decisions are synchronized. As a result the price dispersion

among the di¤erentiated goods is zero. Therefore, the price index in each sector is equal to

the price set by each producer in this sector, and the main source of domestic distortion is

eliminated. We will refer to bxt � bxtflex as the deviation of the variable bxt from its natural

level, i.e., the gap. At the same time, Benigno and Woodford (2005) and De Paoli (2006)

demonstrate that under certain conditions, the �exible price equilibrium does not represent the

most e¢ cient allocation of resources, and the desired levels of variables which the policymaker

wishes to achieve in order to eliminate the loss may di¤er from the �exible price allocation.

Speci�cally, in the presence of mark-up and �scal shocks as well as the condition �� 6= 1, the
�exible price allocation diverges from the desired targets. Therefore, in general, the optimal

policy aims to stabilize of the variables relative to their target level. Thus, we de�ne the welfare

relevant gap as bxt� bxtT , where bxtT is the target level of the variable bxt. Both the �exible price
equilibrium and the target variables are functions of shocks that a¤ect the economy.

Moreover, we de�ne the price change in the traded sector as �H =
PH;t
PH;t�1

and that in the

non-traded sector as ��N =
PN;t
PN;t�1

; consequently, the producer price in�ation rates in the

traded and non-traded sectors are �H;t � ln
�

PH;t
PH;t�1

�
and �N;t � ln

�
PN;t
PN;t�1

�
, respectively. We

approximate the model around the steady state, in which producer prices do not change, i.e.,
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�H =
PH;t
PH;t�1

= 1 and �N =
PN;t
PN;t�1

= 1 at all times. A more detailed description of the steady

state is presented in the Appendix.

3.2 Log-Linearization of the Optimality Conditions

We log-linearize the equilibrium conditions (4), (6)�(10), and (12) and obtain the following set

of log-linear equations describing the dynamics of the multisectoral small open economy:

�H;t = kH

�
�bYH;t + � bCt + (1� �) bPFH;t +  bPNT;t + b�H;t � � bAH;t�+ �Et�H;t+1; (13)

�N;t = kN

�
�bYN;t + � bCt � (1� ) bPNT;t + b�N;t � � bAN;t�+ �Et�N;t+1; (14)bYH;t = �[� + (� � !)�] bPHT;t + ! bPNT;t + � bCt + w(1� �)dERt + (1� �) bC�t + bgH;t; (15)bYN;t = bCt � w(1� ) bPNT;t + bgN;t; (16)bCt = 1

�
dERt + bC�t ; (17)

dERt = � bPFH;t �  bPNT;t + � bP �NT;t; (18)

� bPNT;t = �N;t � �H;t � (1� �)� bPFH;t: (19)

Moreover, from the price index relation (1a) we note that:

bPHT;t = �(1� �) bPFH;t: (19a)

The Phillips curve relations in the two sectors are presented by equations (13) and (14), where

kL =
(1��L�)(1��L)
�L(1+��)

is the constant that measures the response of the sectoral in�ation rates

to variations in real marginal costs. The characterization of real marginal costs in the open

economy setting di¤ers from that of the closed economy due to the gap between production and

consumption as well as to the impact of relative prices, which re�ect the distinction between

domestic and consumer prices. An improvement in the terms of trade (a decrease in bPFH )

or a positive productivity shock results in a fall in marginal costs in the traded sector. The

marginal costs in the non-traded sector are independent of direct changes in the terms of

trade. However, the sectoral marginal costs are linked through the relative prices of non-

traded goods. This impact is opposite in sign and symmetric in magnitude. Producers�pricing

decisions are forward-looking due to price stickiness. As a result, the Phillips curve takes

the expectation-augmented form. Equations (15) and (16) describe the aggregate demand

for domestic goods in the two sectors. We consider bC�t as a term that cannot be a¤ected

by dynamics in the home country. This variable is exogenous from the small open economy

perspective. Relation (17) is the log-linearized optimal risk-sharing condition. It describes

variations in domestic consumption depending on �uctuations in the real exchange rate and

consumption abroad. Equation (18), which is derived from (12), summarizes the determinants

of the real exchange rate. Again, the relative price of non-traded goods in the foreign country

is treated as exogenous. This equation illustrates the implication of the multisectoral economic

structure. In particular, changes in the terms of trade do not necessarily imply a corresponding
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adjustment of the exchange rate, due to the impact of the relative prices of non-traded goods

at home and abroad. Finally, expression (19), which is in fact an identity, is obtained from the

de�nitions of non-traded and traded goods in�ation and describes the evolution of the price

indexes for both sectors. The equation that characterizes traded goods in�ation is presented in

the next sub-section.

3.3 Domestic In�ation, CPI In�ation, and Some Aggregation Re-

sults

In this sub-section, we present several useful de�nitions and identities, which will be used in

the subsequent analysis. Log-linearization of price indexes (1) and (1a) yields :

bPt =  bPN;t + (1� ) bPT;t (20)bPT;t = � bPH;t + (1� �) bPF;t: (21)

Applying the de�nition of in�ation �t = ln
�

Pt
Pt�1

�
= bPt � bPt�1; we obtain the expressions for

CPI in�ation and traded in�ation:

�t = �N;t + (1� )�T;t (22)

�T;t = ��H;t + (1� �)�F;t: (23)

Moreover, the de�nition of the terms of trade implies that �F;t = � bPFH;t + �H;t. The combi-

nation of the equations presented above results in the following relationship between CPI and

domestic in�ation:

�t = �Dt + (1� )(1� �)� bPFH;t; (24)

where domestic in�ation equals:

�Dt = �N;t + (1� )�H;t: (25)

Total output is given by:

PtYt = PN;tYN;t + PH;tYH;t: (26)

Log-linearization of equation (26) yields:

bYt =  bYN;t + (1� )bYH;t � (1� )(1� �) bPFH;t: (26a)

This relation implies that in an open multi-sectoral economy, aggregate output is not only the

weighted average of the sectoral outputs, but also a function of relative prices.

Moreover, the evolution of the nominal exchange rate is derived from the de�nition of the

real exchange rate and takes the form:

dERt �dERt�1 = bSt � bSt�1 + ��t � �t; (27)
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where bSt is the nominal exchange rate, and ��t is CPI in�ation for the foreign country. We
assume that the monetary authority abroad is implementing an in�ation-targeting policy, and

thus, ��t = 0. Such an assumption is common in the small open economy literature (Gali and

Monacelli, 2005).

4 The Monetary Policy Problem and Welfare

This section will present the formulation of the monetary policy strategy and an analysis of

the competing objectives of the central bank. We will see that the model speci�cation implies

deviations of the optimal monetary policy from complete price stabilization. Speci�cally, we

present a formal welfare analysis and derive the objective function of the central bank based

on a second-order approximation of both the household�s utility and the structural equilibrium

conditions (13)�(19). Optimal monetary strategy involves the maximization of the quadratic

social welfare function (a minimization of the loss function) subject to linear constraints. Mon-

etary policy is able to achieve the best outcome from the welfare perspective by implementing

the optimal plan. In this analysis, we focus on optimal targeting rules, which are strongly

advocated by Svensson and Woodford.

4.1 The Objective Function of the Central Bank for an Open Econ-

omy with Multiple Domestic Sectors

In order to obtain the analytical expression for welfare in a purely quadratic form, we apply

the linear-quadratic solution methods described in Woodford (2003) and Benigno and Wood-

ford (2005). This approach is based on the idea presented in Sutherland (2002) to explore

the dynamic characteristics of the model and thus to account for the impact of the second

moments of the variables on their levels. The derivation of the objective function of the central

bank is presented in the Mathematical Appendix. We show that the utility function of the

representative household can be approximated by the following expression:

Wto = UCCEt0

1X
t=t0

�t�t0� (28)266664
bCt � (�N)�1 bYN;t � (�H)�1(1� )bYH;t + 1

2
(1� �) bC2t

�1
2
(�N)

�1(1 + �)bY 2
N;t � 1

2
(�H)

�1(1� )(1 + �)bY 2
H;t

+(�N)
�1� bAN;tbYN;t + (�H)�1(1� )� bAH;tbYH;t

�1
2
 �
�NkN

�2N;t � 1
2
(1� ) �

�HkH
�2H;t:+ t:i:p+ (

�3)

377775 :

We eliminate the linear terms in the objective function by using a second-order approximation

of the equilibrium structural equations (13�19). As a result, we obtain an objective function
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that is purely quadratic. The expression takes the following form:

Lto = UCCEto

1X
t=t0

�t�t0� (29)2664
1
2
WYN (

bYN;t � bY T
N;t)

2 + 1
2
WYH (

bYH;t � bY T
H;t)

2 + 1
2
WER(dERt �dERTt )2

+1
2
WPNT (

bPNT;t � ( bP TNT;t)2 +WYNYH (
bYN;t � bY T

N;t)(
bYH;t � bY T

H;t)

+WER;PNT (
dERt �dERTt )( bPNT;t � bP TNT;t) + 1

2
W�N (�N;t)

2 + 1
2
W�H (�H;t)

2

3775+ t:i:p;

where bY T
N;t, bY T

H;t, dERTt , and bP TNT;t are welfare-relevant target variables, which are functions of
stochastic shocks and, in general, may not be identical to the �exible price allocations.

Equation (29) implies that the social welfare of the two-sector, small open economy is

a¤ected by deviations in the sectoral in�ation rates, output gaps, and relative prices from their

target values.

In fact, the objective function re�ects the impact of various economic distortions on social

welfare and illustrates their relative contributions to the loss. First of all, price rigidities and

monopolistic distortions in both sectors, which may not be fully o¤set by production subsidies,

result in economic ine¢ ciencies and introduce a role for in�ation and output gap stabilization.

The cross-output variable (bYN;t� bY T
N;t)(

bYH;t� bY T
H;t) describes the impact of co-movement in the

sectoral output gaps on social welfare. When the weight in the objective function associated

with the interaction term is positive, the sectoral asymmetries might be welfare improving.

When this weight is negative, a co-movement of the sectoral outputs reduces welfare losses.

In general, the weights next to each of the quadratic terms are represented by complicated

functions of the structural parameters of the model (details are presented in the Appendix).

Furthermore, when price rigidities are present in both sectors and domestic shocks are

imperfectly correlated, price changes are not synchronized following a shock. This results in

ine¢ cient output dispersion between sectors and introduces a role for relative prices into the

monetary policy design problem. In this case, not only do the levels of in�ation in both sectors

matter for welfare, but so does the deviation of the relative price from its target level. The open

economy formulation brings an additional, cross-country, dimension into the problem described

above. Speci�cally, nominal rigidities may prevent prices in both countries from adjusting

e¢ ciently after exchange rate movements. In other words, the so-called relative price channel

can fail to function accurately; this may result in welfare gains from exchange rate stabilization.

On the other hand, in an open economy the policymaker can manipulate the terms of trade in

order to increase expected consumption and decrease the expected disutility of production, i.e.,

to improve welfare. Those incentives are called the terms of trade externality and were analyzed

by Benigno and Benigno (2006). Therefore, the weight next to the exchange rate term in the

loss function balances the stability objective determined by the economic distortions (nominal

rigidities) with the incentive of creating additional volatility in excess of the fundamental shocks.

The cross factor (dERt�dERTt )( bPNT;t� bP TNT;t) represents another "international dimension" term,
which appears due to the fact that the relative price of non-traded to traded goods partially
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drives the evolution of the real exchange rate. This term, therefore, describes the additional

welfare e¤ects that originate from the correlation between the two relative prices.

Equation (29) indicates that the loss function derived for our model speci�cation is not

identical to the one of the closed economy or to the loss function obtained under the assumption

� = � = ! = 1: The general welfare representation, however, embodies these two special cases,

which coincide in terms of policy objectives and imply that WYNYH = 0 and WER = WPNT =

WER;PNT = 0.

The presence of open economy terms is not the only implication of the exposure to external

factors that can be observed in the objective function. The relative weights on the sectoral

in�ation rates and output gaps are not only a¤ected by the structural asymmetries, like in the

case of the closed economy, but also display the incentives that arise under openness to trade

of one of the domestic sectors. Speci�cally, in an open economy, the weights in the objective

function imply relatively higher stabilization of the non-traded sector compared to the traded

sector variables. Figures 1.1 and 1.2 present the weights on in�ation rates and output gaps as

functions of the non-traded sector size derived for the closed and open economies, respectively.

The weights are computed under the baseline parameterization, for illustration purpose the

nominal price rigidities are assumed to be equal across sectors and are set to the value 0.66.

Figure 1: Sector-Speci�c Weights for the Closed Economy Model
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Figure 2: Sector-Speci�c Weights for the Open Economy Model
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Two important results can be highlighted when analyzing Figures 1.1 and 1.2. First, these

graphs indicate that both sectors are more volatile under the optimal policy when the economy is

open (the weights are lower for all values of ). Secondly, the decomposition of weights between

sectors changes depending on whether the economy is subject to external factors. In particular,

Figure 1.1 indicates that the weights derived for the closed economy model are symmetric and
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determined mainly by the parameter  (under the equal stickiness of prices). The equal size of

both sectors ( = 0:5) implies their equal contribution to the loss function. In contrast, Figure

1.2 demonstrates that in the open economy, the stabilization "bias" is shifted toward the non-

traded sector. In other words, the sector that is open to trade is allowed to adjust more

at the optimum compared to the sector that produces goods only for internal consumption.

Such a result can be explained by incentives that arise in the open economy. In particular,

domestic households can bene�t from volatility in the traded sector by varying consumption of

imported goods and domestic output in response to shocks. The possibility to substitute for

foreign goods in the consumption basket provides the mechanism to hedge against unfavorable

economic conditions. Households are able to "divert" a part of production abroad and thus to

lower the costs of the home-goods in�ation and reduce the economic ine¢ ciencies. Moreover,

in the open economy, there exists the motivation to explore the terms of trade externality,

i.e. to manage the relative prices (both internal and external) in a welfare improving manner.

This e¤ect is increasing in the elasticity of substitution between home and foreign traded goods

�. The similar mechanism applies to the non-traded sector. Higher elasticity of substitution

between two types of domestic goods w (in the baseline calibration is assumed to be small and

equal to 0:5) would involve relatively lower weights on non-tradable in�ation and output in the

loss function and thus more volatile dynamics of these variables under the optimal policy. Note,

that in the loss function derived under the assumption of unitary elasticity of substitutions and

logarithmic preferences (� = � = ! = 1), the weights on in�ation and output are independent

on � and w, and welfare e¤ects describe above vanish.

4.2 The Relevance of the Welfare-Based Objective Function to the

Current Practice of Central Banks

The loss functions widely assumed in the literature on monetary policy are typically repre-

sented by a quadratic expression that includes a weighted combination of in�ation (CPI or

domestic) and total output gap terms. Analyzing the micro-founded welfare objective function

(29) we can see that it di¤ers from the ad hoc forms in two important respects. First of all,

it includes an open economy term and, therefore, prescribes a certain degree of exchange rate

management. Secondly, it re�ects the multisectoral economic structure and di¤erentiates be-

tween sector-speci�c in�ation rates and output gaps. Thus, the loss function derived on the

basis of the economic fundamentals appears to be signi�cantly more complex than the ad hoc

policy objectives.

It is important to clarify why the objective function (29) does not explicitly display an

important practical feature of current monetary policy conduct. Speci�cally, the majority of

the central banks which have adopted in�ation targeting as an operational framework have

speci�ed their monetary policy objective in terms of CPI in�ation. Equation (29) indicates

that the welfare loss of a small open economy depends on the appropriate measure of domestic

in�ation rates and is not explicitly a¤ected by import price in�ation. On the other hand,

equation (25) illustrates the role of relative prices in movements of the foreign in�ation rate.
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Thus, the welfare-based objective function indirectly includes all components of CPI in�ation

(except the lagged relative prices) but with the optimal weights.

At the same time it is possible to describe the conditions under which the explicit �F;t
term can appear in the loss function. In the most general case, the loss function captures the

distortions present in the domestic economy as well as the interrelations with the rest of the

world. In particular, when countries are big enough, economic developments in the neighboring

economy can a¤ect domestic welfare and vice versa. The set of structural constraints for each

country includes, in this case, both the domestic and foreign equations. Since the quadratic

welfare objective function is derived from the approximation of the welfare function and the

structural equations, the interaction between economies can bring foreign variables into the loss

function of the domestic economy with country-speci�c weights. Such a framework is presented

in Benigno and Benigno (2006), where they consider a two-country model with countries of

comparable size. This paper demonstrates that despite the non-zero weight on foreign in�ation

in the loss function, the optimal targeting rules suggest a certain role for CPI in�ation only

in the case of cooperation between countries. Such a result can be explained by the fact that

under the Nash regime (the non-cooperative case) the objective function is minimized only with

respect to domestic variables, and the strategy of the other policymaker and the sequence of

the foreign in�ation rate are taken as given. In other words, the monetary authority does not

care about the impact of domestic policy on the other country. In the cooperative case, the

e¤ects of the actions in both countries are internalized and the social planner optimizes with

respect to all endogenous variables (domestic and foreign). As a result, the optimal targeting

rule contains the proper measure of world in�ation, which brings a role for CPI targeting.

Coming back to the model presented in this paper, the small open economy framework and,

more speci�cally, the limiting case (n! 0) imply that the domestic economy cannot in�uence

the foreign country because of its small size, and the rest of the world can be treated as a

closed economy. In this sense, countries are not directly interrelated in terms of consumption

and production. The set of structural constraints for country H contains only the domestic

equations and the foreign variables are treated as exogenous from the small open economy

perspective. The implications of the foreign variables as well as other structural shocks can be

observed in the targets, the deviations from which the central bank is trying to minimize. All

other e¤ects of the foreign dynamics are out of the control of the domestic policymaker and

can be interpreted as unavoidable losses or as terms that are independent of policy.
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4.3 The Optimal Monetary Policy Rules

In order to obtain the optimal targeting policy rules, we minimize the objective function (29)

subject to the set of constraints, which are given by:

�H;t = kH

�
�(bYH;t � bY T

H;t) +
1

�
(dERt �dERTt ) + 

�
( bPNT;t � bP TNT;t) + uHt

�
+ �Et�H;t+1; (30)

�N;t = kN

h
�(bYN;t � bY T

N;t) + (
dERt �dERTt )� (1� )( bPNT;t � bP TNT;t) + uNt

i
+ �Et�N;t+1; (31)

(bYH;t � bY T
H;t) =

l + 1

��
(dERt �dERTt ) + 

�
(l + 1) + �2(�! � 1)

��

�
( bPNT;t � bP TNT;t) + �Ht ; (32)

(bYN;t � bY T
N;t) =

1

�
(dERt �dERTt )� !(1� )( bPNT;t � bP TNT;t) + �Nt ; (33)

(1� �)�(dERt �dERTt ) = �(�N;t � �H;t)� (� + (1� �))�( bPNT;t � bP TNT;t) + "t; (34)

where l = (�� � 1)(1 � �)(1 + �), and the terms uHt ; u
N
t ; �

H
t ; �

N
t ; "t are functions of exoge-

nous shocks and arise when the target levels of variables and �exible price allocations diverge.

The conditions (30)�(34) are obtained by combining the log-linearized equilibrium conditions

(13)�(19) and expressing the relations in terms of gap variables. We assume that the central

bank can commit to the policy that maximizes welfare and consider the timeless perspective

approach described in Woodford (2003). The timeless perspective optimal policy assigns the

particular value to the commitment to expectations prior to period 0. The constraints on the

initial conditions result in the time-invariant �rst-order conditions and thus optimal policy.

Therefore, the time inconsistency problem is eliminated. Following such a strategy, the pol-

icymaker chooses the path for endogenous variables �H;t, �N;t, bYH;t, bYN;t, dERt, bPNT;t subject
to constraints (30)�(34) and given the initial conditions on �Ho, �No, bYHo, bYNo. The Lagrange
multipliers associated with the set of constraints are �1;t � �5;t respectively. In addition before

the optimization, we divided equation (30) by kH , equation (31) by kN , and equation (34) by

�. The �rst-order conditions to the problem are given by:

W�HkH�H;t = �1;t � �1;t�1 + �5;tkH ; (35)

W�NkN�N;t = �2;t � �2;t�1 � �5;tkN ; (36)

WYH (
bYH;t � bY T

H;t) +WYNYH (
bYN;t � bY T

N;t) = �3;t � ��1;t; (37)

WYN (
bYN;t � bY T

N;t) +WYNYH (
bYH;t � bY T

H;t) = �4;t � ��2;t; (38)

WER(dERt �dERTt ) +WER;PNT (
bPNT;t � bP TNT;t) = (39)

�1
�
�1;t � �2;t �

(l + 1)

��
�3;t �

1

�
�4;t +

1� �

�
(�5;t � ��5;t+1)

WPNT (
bPNT;t � bP TNT;t) +WER;PNT (

dERt �dERTt ) = ���1;t + (1� )�2;t� (40)

�(l + 1 + �
2(�! � 1))

��
�3;t + !(1� )�4;t +

�
1 +

(1� �)

�

�
(�5;t � ��5;t+1):
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Combining equations (35)�(40), we can eliminate the Lagrange multipliers and express the

optimal policy rule in the following general form:

A0� eXt + A1� eXt�1 + A2� eXt+1 = 0; (41)

where A0; A1; A2 are the matrices of parameters, � eXt = eXt � eXt�1; and eXt = bXt � bXT
t ,

i.e., eXt denotes the vector of the endogenous variables (�H;t, �N;t, bYH;t, bYN;t, dERt, bPNT;t) in
deviations from their target values. Therefore, the optimal policy rule is represented by a fairly

complicated expression that prescribes the response to deviations in the sectoral in�ation rates

and output gaps as well as to �uctuations in relative prices. The reaction function (41) includes

both backward and forward-looking endogenous variables. The matrices of the parameters A,

which describe the optimal magnitude of the response, depend on the optimal weights and the

structural parameters of the model.

For comparison, the optimal policy rule derived with the use of the similar methodology

for the one-sector, open economy model takes the general form: A0� eXt = 0. Therefore, the

multi-sectoral model speci�cation brings in more complex dynamics of variables under the

optimal policy. Speci�cally, rule (41) is more persistent, i.e., it prescribes the response to the

�rst and the second lag of the endogenous variables. Moreover, the rule contains forward-

looking components since A2 6= 0. The characteristics of the policy rule mentioned above are
determined by the persistent structure of one of the model equations (34), which describes the

evolution of the sector-speci�c in�ation rates and the two types of relative prices.

4.4 Policy Trade-O¤s

The welfare function (29) indicates that the monetary authority is confronted with several

policy objectives. In particular, the central bank has to control the sector-speci�c in�ation

rates and output gaps, as well as relative prices. In order to study the optimal plan, it is

important to investigate whether the policy goals can be simultaneously attained or the central

bank has to decide how to balance them appropriately. Where the objectives do not con�ict

with each other, the central bank can achieve the �rst best allocation and completely eliminate

the loss. In this section, we describe the policy trade-o¤s that arise in a generalized model of

a two-sector, small open economy.

We analyze the combination of equations (18) and (19) expressed in terms of the welfare-

relevant gap variables:

(1� �)�(dERt �dERTt ) = �(�N;t � �H;t)� (� + (1� �))�( bPNT;t � bP TNT;t) + "t: (42)

The gaps depend on the target levels of the variables, which in turn are functions of the shocks

and parameters and vary over time. Equation (42) indicates that it is not possible to stabilize

in�ation rates in each sector and to eliminate the gaps between relative prices and their target

values at the same time. In fact, relative prices act as endogenous shocks that do not allow the

same policy to attain zero in�ation in both sectors. For example, under a productivity shock in
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the non-traded goods sector (Figure 4), the optimal policy implies depreciation of the nominal

exchange rate. Complete stability of non-traded in�ation would require an even larger increase

in the exchange rate. This, however, would result in a further worsening of the terms of trade

and a greater rise in home-goods in�ation. A similar trade-o¤ exists under �scal and mark-up

shocks. Moreover, the impulse-responses indicate that the magnitude of the response di¤ers

across sector-speci�c variables. The di¤erent sensitivity of the domestic sectors to shocks is

determined not only by structural asymmetries such as sector size, elasticity of substitution,

and the level of nominal rigidities, but also by the openness to trade of one of the domestic

sectors. Therefore, the optimal policy cannot comply with all the sector-speci�c stabilization

objectives simultaneously. Woodford (2003) illustrates that a corresponding trade-o¤also exists

in the closed economy model (�=1) if the target rate of the relative price (the natural rate) is

not constant.

Furthermore, we address the question of whether complete stability of the aggregate variables

is attainable under the given economic structure. We present the Phillips curve relations in

terms of gap variables and use the de�nition of domestic in�ation. Moreover, in this analysis

we assume for simplicity that the target variables and �exible price allocations coincide and the

degree of nominal rigidities is equal across sectors. We combine the constraints (30)�(33) and

apply the de�nition of domestic in�ation (25). As a result, the following relationship arises:

�Dt = k

24 (� + �)
�
(bYN;t � bY flex

N;t ) + (1� )(bYH;t � bY flex
H;t )

�
�

(1�)
�
l(dERt �dERflext )� (1�)

�
el( bPNT;t � bP flexNT;t)

35+ �Et�
D
t+1; (43)

where l = (��� 1)(1� �)(1+ �) , el = l� (�!� 1)(1� �)� , and the �exible price allocations of
the variables are functions of the exogenous shocks bAH;t; bAN;t; bP �NT;t; C�t : Moreover, we make
use of equation (26a) and provide the alternative domestic Phillips curve relation in order

to analyze the impact of the aggregate output gap instead of the di¤erentiation between the

sectoral variables:

�Dt = k

24 (� + �)
�
(bYt � bY flex

t ) + (1� )(1� �)( bPFH;t � bP flexFH;t)
�
�

(1�)
�
l(dERt �dERflext )� (1�)

�
el( bPNT;t � bP flexNT;t)

35+ �Et�
D
t+1: (44)

We present two special cases of our more general analysis in order to describe the role of

relative prices in generating the policy trade-o¤s. First, we consider a two-sector, closed-

economy setting, i.e., � = 1;  > 0. In such a situation l = el = 0. Equations (43) and (44)

illustrate that the sectoral Phillips curves reduce to the classical aggregate relation, which, at

the same time, describes the dynamics for the one-sector, closed economy. Therefore, there

is no con�ict between in�ation and output gap stabilization, and optimal monetary policy is

able to implement the �rst best, i.e., �exible price allocation. This result has been shown by

Woodford (2003).

Secondly, we assume the special case of unitary elasticity of substitution and a unitary

coe¢ cient of relative risk aversion, i.e., the balanced trade model speci�cation as in Liu and
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Pappa (2005). Again, we have l = el = 0. Thus, the exchange rate and relative prices vanish
from the Phillips curve relations (43) and (44). Moreover, the assumption � = � = ! = 1

implies that the exchange rate does not characterize a welfare-relevant policy objective. In this

situation, the terms of trade act as an endogenous "cost-push shock," which generates tension

between domestic in�ation and the output gap. In fact, such a trade-o¤ can be generated in

closed economy models in the presence of mark-up shocks or adjustment costs (Benigno and

Woodford, 2005; Erceg and Levin, 2006).

Finally, we consider a two-sector model under general preferences. The Phillips curve (43)

illustrates that the stabilization of domestic in�ation and outputs in both sectors does not in-

volve equivalent policies due to the presence of relative prices. Moreover, equation (44) indicates

that there is tension between domestic in�ation and relative price (internal and external,i.e.

the exchange rate) stability in addition to the trade-o¤ between domestic in�ation and the ag-

gregate output gap variability. Therefore, unless preferences are speci�ed in the general form,

the con�ict between managing domestic in�ation and the relative prices ceases to exist.

The fairly complex economic structure and general model speci�cation determine the non-

trivial task facing policymakers, i.e., the search for the second-best optimal policy given that

the �exible price e¢ cient allocation of resources cannot be replicated. The optimal reaction

function (41), in fact, represents such a second-best solution. A similar result is obtained in

the one-sector, open-economy model analyzed by De Paoli (2006). In our case, however, the

de�nition of the real exchange rate implies a distinction between the two types of relative prices

and enables us to characterize the dynamics and impact of each variable separately. Moreover,

the multiple sectors imply an additional policy challenge, i.e., the proper management of the

"between-sector" terms.

5 Impulse-Response Functions

In this section we examine the impulse-responses of key macroeconomic variables to exoge-

nous shocks. Speci�cally, we compare the numerical results under the optimal plan with the

outcomes achieved under the basic simple rules common in the literature, such as domestic

in�ation targeting (DIT), consumer price index in�ation targeting (CPIT), and an exchange

rate peg (PEG). We consider four types of shocks, i.e., productivity, foreign, �scal, and mark-up

shocks. For the numerical exercise we calibrate the model parameters to match the moments

of Canadian data (Table 2). We assume the coe¢ cient of relative risk aversion � = 3 and the

elasticity of substitution between di¤erentiated goods � = 6 as in Benigno and Benigno (2006).

Following Rotenberg and Woodford (1997) we set � = 0:99 and � = 0:47. The elasticity of

substitution between traded home and foreign goods � is assumed to be equal to 1:5 and the

parameter that measures the substitution between non-traded and traded goods ! is set to 0:5.

These assumptions are common in the open economy literature. The level of price rigidities in

tradable sector is set to �H = 0:55 and in non-tradable sector the Calvo parameter is assumed

to be somewhat higher and equal to �N = 0:6. The share of non-traded goods in the consump-
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tion basket  is set to 0.5. The corresponding parameter for the foreign country � = 0:6: The

degree of openness � = 0:6, implying a 40% import share. Finally, the steady state mark-up in

the traded sector �H is set to the value 1=� as in Liu and Pappa (2005) and De Paoli (2006)

in order to guarantee the optimal subsidy policy. In addition, the equal size of both domestic

sectors implies that �H = �N : The calibration of the parameters of stochastic processes and the

policy rule are based on Dib (2008) and Ortega and Rebei (2006), who performed the Bayesian

estimation of multi-sectoral DSGE models of Canadian economy. The calibrated parameters

are summarized in the Table 1.

Figure 1.3 represents the impulse-responses to a productivity shock in the traded sector,bAH . All regimes (except PEG) imply a reaction of the monetary authority that induces a
depreciation of the nominal exchange rate. Such dynamics, together with a fall in the price of

home goods, worsen the terms of trade and thus result in a real depreciation. The increase in the

exchange rate is the largest under DIT, because in this case the central bank stabilizes in�ation

more aggressively. In fact, higher home-goods in�ation stability is traded for some additional

exchange rate volatility. CPI in�ation rises under DIT and the optimal plan. Under PEG, the

nominal exchange rate is stable and the e¤ect of the productivity shock on CPI in�ation is

determined by the fall in in�ation in the home-goods sector. Domestic output increases due

to the real exchange rate depreciation. Domestic goods become relatively cheaper than foreign

goods. However, the increase in output is not large enough to boost production above its target

level and the total impact on the output gap is negative. The expenditure switching e¤ect is

the most pronounced under the DIT regime, which implies no control over the exchange rate

and thus allows for greater real depreciation. As a result, the output response is the largest.

On the contrary, under PEG and CPIT the expenditure switching e¤ect is minimized and the

output gap falls by more compared to the other regimes. The negative response of home-goods

in�ation under all the regimes is determined by the direct impact of the productivity shock,

which lowers the marginal costs in this sector. However, the marginal costs in the non-tradable

sector increase. Non-traded output increases and the relative price of non-traded to traded

goods bPNT falls under DIT and the optimal plan, due to nominal depreciation. As a result,
non-traded in�ation rises.

Figure 1.4 presents the impulse-response to a productivity shock in the non-traded sector,bAN . The dynamics of the variables can be described in a similar fashion. It is important to note
that non-traded in�ation is stabilized to a greater extent under the optimal plan compared to

the alternative simple rules. The reason for such a policy reaction is that the optimal welfare

function assigns the greatest weight to stabilization of non-traded in�ation. At the same time,

the productivity shock bAN directly a¤ects the price change in this sector and, hence, induces
greater dynamics of this variable. In order to prevent large swings in non-traded in�ation,

the central bank allows greater adjustments in relative prices and output. In addition, the

response of relative prices ( bPNT and dER) is almost two times stronger than the responses of
these variables following the productivity shock bAH . Again, the reason is that instability of non-
traded in�ation has larger negative welfare consequences than changes in home-goods in�ation.
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The output reaction is positive in both sectors due to the large expenditure switching e¤ect

under DIT and the optimal plan. Unlike the negative response of the output gap following the

productivity shock in the home-goods sector, the bAN shock results in an increase of output

above its target level due to the more expansionary policy.

Figure 1.5 presents the responses of domestic variables to the innovation in foreign con-

sumption, bC�. We can observe that the DIT regime is very similar to the optimal plan in terms
of the direction and magnitude of the response. The foreign consumption shock risess domes-

tic consumption through the risk-sharing condition. This, in turn, may induce an increase in

domestic output. At the same time, the nominal and real exchange rates appreciate and the

terms of trade fall. Domestic goods become relatively less competitive and demand shifts to

foreign goods. The net e¤ect on home output is negative under DIT and the optimal plan. The

impact of the shock on the macro-variables is qualitatively di¤erent under the CPIT and PEG

regimes. Speci�cally, the monetary authority stabilizes relative prices and the real appreciation

is small. The expenditure switching e¤ect is dominated by the positive impact of the shock

on domestic consumption and demand. As a result, the outputs in both sectors as well as the

output gap show a signi�cant increase. Such a boost in production increases marginal costs,

and in�ation in both sectors rises.

Figure 1.6 presents the impulse-responses to a shock to foreign relative prices, bP �NT . The
DIT regime almost perfectly replicates the optimal response. The policy reaction following

the bP �NT shock displays a sharp contrast between the responses under the CPIT and PEG

regimes, whereas under the other types of shocks these two regimes induce very similar changes

in economic activity. Speci�cally, under the CPIT regime the central bank prevents large

movements in the terms of trade at the expense of additional domestic in�ation volatility. The

policy implies a large nominal depreciation so as to mitigate the negative impact of foreign prices

on the terms of trade. The nominal depreciation under the stabilized CPI in�ation results in

real depreciation. This, in turn, increases domestic production and in�ation in both sectors.

On the contrary, the PEG regime induces a policy that is closer to the optimal plan and DIT.

When foreign and home goods are substitutes, the optimal response implies a greater nominal

exchange rate stabilization in order to improve the terms of trade and divert production abroad

by switching to consumption of foreign goods. Such a policy is welfare improving because it

enables one to take advantage of the foreign productivity shock by reducing domestic marginal

costs and the ine¢ cient output dispersion associated with price rigidities.

Figure 1.7 shows the impulse responses to a mark-up shock in the home-goods sector,b�H . The optimal policy diverges from complete domestic in�ation stabilization and the other

alternative simple rules. The positive shock leads to a rise in home-goods in�ation, which

returns to its initial level after several periods of de�ation, and a temporary fall in the output

gap. The extent to which the shock a¤ects output versus in�ation depends on the weight that

the central bank places on output gap variability. Speci�cally, the optimal policy, unlike the

alternative simple rules, implies a certain degree of output gap stability. Therefore, in�ation is

allowed to increase more and the output gap to fall less under the optimal plan. The response of
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the monetary authority to a mark-up shock implies fall in the nominal interest rate, depreciation

of the exchange rate, an increase in the terms of trade, and a fall in the relative price of non-

traded to traded goods. Outputs in both domestic sectors and consumption rise in response to

a shock. The output gap, however, falls due to the fall in home-goods output below its target

value.

The responses to a mark-up shock in the non-traded sector, b�N , are presented in �gure 1.8.
Again, the central bank has to balance con�icting policy objectives � to absorb the upward

pressure on in�ation in the non-traded sector by a fall in the output gap. The exchange rate

appreciates and consumption and output decrease under the optimal plan. The DIT regime

implies a greater economic contraction and thus the largest fall in output and consumption.

CPIT and PEG represent strongly suboptimal regimes because they induce excessive stabiliza-

tion of relative prices and a higher response of non-traded in�ation. The comparative analysis

of impulse-responses under the b�H and b�N shocks suggests that the optimal policy reacts more
aggressively under the disturbance to a non-traded mark-up.

Figures 1.9 and 1.10 illustrate the responses to �scal shocks in the traded and non-traded

sectors, respectively. Again, the optimal policy di¤ers signi�cantly from the simple policy rules.

The rise in government spending bgH increases home-goods output. The central bank, which

aims at domestic in�ation stabilization, o¤sets the upward pressure on home-goods in�ation by

a corresponding decrease in non-traded in�ation. The response induces an initial appreciation

of the exchange rate, a fall in the terms of trade, and a rise in the relative price of non-traded

to traded goods. As a result, consumption and non-traded output decrease. The optimal plan,

on the contrary, implies an expansionary policy. The exchange rate depreciates, implying an

additional stimulus to output in both domestic sectors. Such a policy prevents the initial drop

in consumption. The CPI and PEG regimes imply greater stability of relative prices.

The government spending shock bgN increases non-traded output and creates upward pressure
on non-traded in�ation. Therefore, unlike in the previous case, the optimal policy implies the

economic contraction. The response of the central bank is the most aggressive compared to the

alternative policy rules. As a result, greater non-traded in�ation stability is achieved at the

expense of additional volatility of in�ation and output in the traded sector, as well as a larger

adjustment of relative prices.

The analysis of the numerical results suggests that the type of shock and the economic

structure are important determinants of the comparative performance of optimal versus simple

policy rules. Speci�cally, the responses under the optimal policy di¤er the most from the simple

rules under �scal and mark-up shocks. On the contrary, the DIT regime better approximates

the optimal plan under foreign and productivity shocks. In addition, the optimal and PEG

regimes come closer under a foreign relative price shock. Shocks of the same type but a¤ecting

di¤erent domestic sectors may induce qualitatively distinct economic responses. This happens

due to the di¤erent sensitivity of welfare-relevant economic variables to sector-speci�c shocks

and greater stabilization of the non-traded sector under the optimal policy. In particular, the

optimal policy is expansionary with respect to �scal and mark-up shocks in the traded sector,
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whereas identical shocks in the non-traded sector call for an economic contraction. The DIT

regime induces a more expansionary policy under a traded-sector productivity shock, whereas

the policy is less active following foreign shocks. Fiscal and mark-up disturbances result in an

economic contraction under DIT. Under the CPI and PEG regimes, the policy is less aggressive

in response to domestic productivity shocks and it becomes more expansionary under foreign

shocks.

6 Welfare Implications of the Alternative Simple Rules

The study of the optimal policy problem presented in the previous sections provides a useful

theoretical foundation for the design of monetary strategy and o¤ers a rigorous benchmark

for comparing the performance of alternative monetary regimes. At the same time, the pre-

scriptions of the optimal policy given by expression (41) might be too di¢ cult for the general

public to interpret and too di¢ cult to put into practice. Therefore, the analysis of the alter-

native policy rules, which deliver reasonable welfare results and at the same time are simple

and transparent, and the optimal rule, which has normative implications, should interact in

a complementary way in order to provide bene�cial economic conclusions. In this section we

enhance the analysis of the optimal policy with a discussion of the alternative simple rules

and present their comparative performance. Speci�cally, we use Dynare software in order to

compute optimal simple rules (OSRs) of the form: brt = �rbrt�1+ bXt+ "r, where bXt is a vector

of endogenous variables,  is a vector of optimized parameters, and "r is a policy shock with

standard deviation set to 0:003:We also set the value of the parameter �r to 0:75. In fact, we

compute the parameters of a policy rule which maximize a linear-quadratic loss function (29)

subject to constraints (30-34). As a result, we are able to analyze the performance of rules with

a simple structure but with optimal coe¢ cients.

We address two important issues. First, we consider several types of alternative simple

rules classi�ed depending on the variables entering the rules and investigate the extent to

which alternative monetary regimes are able to replicate the optimal solution. Secondly, we

explore the implications of the alternative simple rules for macroeconomic volatility.

The welfare ranking is performed on the basis of the value of the loss, which is computed by

taking the unconditional expectations of expression (29), i.e., the second-order approximation

to the utility of the representative consumer, expressed as a fraction of the steady state con-

sumption. As a result, we present the value of the loss in terms of the variances/covariances of

the sector-speci�c in�ation rates, output gaps, and relative prices:

V � 1

2

�

1� �
�

264 WYNvar(
eYN;t) +WYHvar(

eYH;t) + 2WYNYHcovar(
eYN;teYH;t)+

+WERvar(gERt) +WPNT var(
ePNT;t) + 2WER;PNT covar(

gERt ePNT;t)+
+W�Nvar(�N;t) +W�Hvar(�H;t)

375 : (45)
Table 3 reports the welfare losses associated with various types of OSRs. Speci�cally, we

consider simple rules which include domestic variables and rules that prescribe the response
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to both closed and opened economy terms. In addition, we would like to evaluate the bene�ts

of targeting sector-speci�c in�ation rates and outputs versus aggregate variables. This issue

is practically important since central banks do not usually di¤erentiate their policy response

depending on the economic sector and consider aggregate variables, due to the problem of policy

implementation and a lack of information.

Table 3 indicates that the welfare losses under the OSRs that target domestic in�ation

are on average 15-30% larger compared to the optimal rule. The losses associated with strict

CPI in�ation targeting are somewhat larger than rules that completely stabilize the domestic

in�ation. At the same time, certain forms of �exible CPI targeting may outperform �exible

DIT rules (compare rules 4,5 and 10,11). Targeting the non-tradable in�ation provides better

welfare results than DIT or CPI targeting (rules 13 and 4,10). In general, the DIT regime

performs worse compared to the results obtained in the previous literature. In particular, in

the special case of the open economy model presented in Gali and Monacelli (2005) and the

framework with ad-hoc welfare objectives as in Soto (2004), the DIT regime represents or nearly

replicates the �rst-best. In our case, the presence of mark-up and government spending shocks

determines the deviation of optimal policy from the DIT. The ranking of alternative regimes

suggests that strict in�ation targeting (DIT or CPI) is suboptimal compared to policies that

account for other objectives, namely the interest rate smoothing, the output gap, and/or the

relative prices. The rules that target the sector-speci�c variations in outputs and in�ation

rates perform signi�cantly better compared to rules targeting the aggregate variable. Thus

stabilization of the appropriately weighted average of the sectoral in�ation rates (rule 12)

produces better results than DIT or CPI. At the same time, augmenting the rule that responds

to the aggregate in�ation (domestic or CPI) and total output gap with the relative price term

allows one to better account for sector-speci�c features of the economy. For example, rule

11 indicates that �exible CPI targeting regime that includes a certain degree of the internal

relative price management can achieve a welfare result that is close to the case of targeting

the sector-speci�c in�ation rates. Furthermore, across all types of rules (4 and 5, 10 and 11,

13 and 14), the internal relative prices do better job in capturing sector-speci�c characteristics

than external relative prices (the exchange rate). Thus the inclusion of the relative price of

non-traded goods in the policy rule brings higher welfare gains. The improvement in welfare

coming from the response to the change in the exchange rate is higher for the CPI targeting

rules because of the excess smoothness of relative prices which this regime entails.

The values of the optimized coe¢ cients k1, k2, k3, and k4 displayed in table 3 provide infor-

mation about the relative magnitude of the policy response to deviations in key macroeconomic

variables. Speci�cally, the OSRs indicate that the policy should respond more aggressively to

variations in the non-traded sector variables (output and in�ation rates).

The important criterion for evaluating the performance of the simple rules is the level of

macroeconomic stability which they induce. Alternative regimes may generate comparable

welfare results but, at the same time, imply di¤erent volatility of the macroeconomic variables.

This issue becomes particularly important prior to entering the Eurozone, when the monetary

27



authority has to ful�ll speci�c and sometimes con�icting stabilization objectives. Table 4

presents the standard deviations of the key variables under di¤erent OSRs relative to the

standard deviations implied by the optimal policy.

Comparing the volatility under the alternative regimes we note that the rules that strictly

target aggregate variables naturally perform the worst in terms of stabilization of the partic-

ular economic sectors. Thus, under the DIT, CPI, and PEG regimes, the volatility of the

sector-speci�c variables diverges the most from the deviations implied by the optimal rule. In

particular, sectoral in�ation rates are 50% over (for home in�ation) and about 2 times under-

stabilized (for non-traded in�ation) under the strict DIT regime. At the same time, the output

gaps in the home-goods and non-traded sectors are 10% and 17% respectively more volatile

compared to their standard deviations under the optimal policy. In all cases of strict in�ation

targeting (rules 1,2,6,7,12), the ful�llment of the in�ation objectives comes at the expense of

somewhat higher volatility of the output gap, at sector-speci�c and/or aggregate levels. The

comparison of DIT, CPI and the rule that targets the properly weighted domestic in�ation

index (rule 12) indicates that under the latter, the volatility of sector-speci�c in�ation rates is

closer to the optimal values and thus non-traded in�ation is less volatile. At the same time

relative prices and especially traded in�ation display higher volatility. Greater stability of non-

traded in�ation is achieved due to the di¤erent magnitude of the optimal policy response with

respect to the sectoral in�ation rates expressed by the values of the parameters k1 and k2. The

rules that do not di¤erentiate the response across sectoral variables but instead incorporate the

reaction to changes in the relative prices (rules 5,10,11,13,14) allow the standard deviations of

the sector-speci�c in�ation rates to be brought closer to the optimal values. Such an improve-

ment can be achieved at the expense of increased domestic and/or CPI in�ation volatility as

well as the standard deviations of some of the relative prices. Moreover, regimes, which display

the features of an open economy, i.e., prescribes a certain degree of exchange rate management

(rules 4,16,17) bring higher stability of the CPI in�ation, but may imply somewhat higher

variation in output and domestic and non-tradable in�ation.

The results of this section demonstrate the tension between the sector-speci�c in�ation

objectives, in�ation and relative price stabilization as well as the in�ation-output gap policy

trade-o¤ common in the literature. We also numerically assess the welfare bene�ts of di¤eren-

tiating the policy response depending on economic sectors compared to stabilizing aggregate

variables. Moreover, we show that the welfare results achieved under the �sector-speci�c�tar-

geting rules can be closely replicated by a rules with an appropriate combination of aggregate

variables, namely, the CPI in�ation, total output gap and the internal relative price change.

Responding to the relative prices may facilitate targeting the sector-speci�c variables and con-

tribute to welfare improvements when the central bank does not have enough information about

domestic sectors.

The exercise presented in this section has important practical implications. In particular, it

could provide policymakers with a tool for analyzing the relative importance (in terms of welfare

consequences) of various monetary policy objectives and facilitate the design of strategies aimed
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at achieving several competing goals.

7 Sensitivity analysis

7.1 Price stickiness

In the previous sections, we analyzed the performance of various policy rules under the as-

sumption that prices in the non-traded sector are more rigid compared to the level of nominal

rigidities in the traded sector. At the same time, the estimated values of the parameters of price

stickiness may vary across di¤erent studies even for the same country. In this section, we would

like to provide a more general analysis of the impact of sectoral heterogeneity in the degree of

price stickiness on the relative performance of policy rules with sector-speci�c and aggregate

variables (in�ation rates). In other words, we would like to check how sectoral asymmetries

a¤ect the optimal in�ation index being stabilized. Moreover, we will compare the implications

of asymmetric nominal rigidities for closed and open economies. Speci�cally, we compare our

results with conclusions derived by Aoki (2001) who studied the optimal policy in a two-sector

closed economy model where prices are fully �exible in one sector but sticky in the other. His

main result implies that the central bank should target the core in�ation rather than changes

of a broader price index.

For the sensitivity analysis we evaluate 5 types of rules: optimal policy, DIT and CPI

targeting with interest rate smoothing (rules 2 and 7), policy rule with sector-speci�c in�ation

rates (rule 12, which approximates the core in�ation), and the rules which incorporate the

response to the CPI or DIT in�ations and the relative price change. We construct a measure

of the sectoral asymmetries in relative price rigidities 0 � � � 1;� = �i
�i+�j

. It measures the

level of price stickiness in a sector i relative to the overall level of nominal rigidities. In the case

that � = 0:5 is chosen, �i = �j i.e. sectoral prices are equally sticky. This measure allows us

to vary the assumed relative stickiness of prices in the two sectors between the two extremes of

complete �exibility in sector i (non-tradable, �i = 0; � = 0) and complete �exibility in sector j

(tradable, �j = 0; � = 1). We compute welfare losses for values of � from 0 to 1, for each point

we consider all possible combinations of �i and �j and aggregate the results across all options.

The results are presented on the Figures 1.11 and 1.12. We plot the welfare losses under

alternative policy regimes for various degrees of relative price rigidities. We compute optimal

and DIT policy for the closed economy as a special case of an open economy, i.e. we assume that

the share of imports is equal to zero (degree of openness) and open economy shocks are shut

o¤. Figures 1.11 and 1.12 indicate that implications of equal degree of nominal rigidities across

sectors (� = 0:5) di¤er for closed and open economies. In particular, in the closed economy

model where the sectoral prices are equally sticky, the DIT policy is nearly optimal. At the

same time, for values � < 0:5 or � > 0:5, targeting of aggregate price index is suboptimal. The

central bank should weigh the sectoral in�ation rates according to their price stickiness; the

sector with higher rigidities should be more stabilized at the optimum. This result corresponds

to the one shown by Aoki. The di¤erence (in terms of welfare) between the DIT and the optimal
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policy is higher on the interval where nominal rigidities in sector j are greater than in sector i (

� < 0:5). Such a result arises due to the assumption of asymmetric disturbances, which greater

a¤ect the sector j . In case of identical sector-speci�c shocks the welfare losses following the

DIT policy would be symmetric on the intervals � < 0:5 and � > 0:5 because, in the closed

economy, volatilities in domestic sectors equally contribute to the welfare loss function.

The results obtained for the open economy model indicate that equality of sectoral price

rigidities does not imply the optimality of targeting the aggregate in�ation indices (CPI or

domestic). At the same time, the regimes that stabilize the measures of sector-speci�c and

aggregate in�ations produce similar welfare results on the interval 0:1 � � � 0:4. In particular,
for � = 0:2�0:3 there are almost no gains from targeting sector-speci�c versus domestic in�ation
rates. This implies that the optimal policy in the open economy may prescribe the equivalent

response to changes in sectoral price indices even if sectoral nominal rigidities are asymmetric

(prices in the non-tradable sector are more �exible). Such a result is obtained because, in

general, the non-tradable in�ation has to be more stabilized under the optimal policy relative

to the tradable in�ation. The gain from targeting sector-speci�c versus aggregate in�ation rates

is increasing on the interval � > 0:4, where prices in sector i (non-tradable) become stickier and

the discrepancy between optimal weights assigned to sectoral in�ations is increasing. Moreover,

in this case �exible CPI targeting outperforms the corresponding regime of domestic in�ation

stabilization (see Figure 1.13, left panel). For all values of relative price stickiness, the policy

rule that combines CPI with the relative price management is able to closely replicate the

optimal solution and the "core" in�ation (sector-speci�c) rule. In addition, Figure 1.11 indicates

that nominal rigidities in non-tradable sector are more costly comparing to the case when prices

in the tradable sector are stickier (the point where � = 0 implies lower welfare losses compared

to the point � = 1). This result indicates that greater stability of non-tradable in�ation comes

at the expense of higher volatility of other welfare relevant variables. The stabilization of

tradable in�ation generates less severe volatility trade-o¤s.

7.2 Degree of openness and elasticity of substitution

In this paper we have demonstrated that openness to trade as well as the general speci�cation of

consumer preferences generate important welfare e¤ects in a multi-sectoral small open economy

model. Therefore, it is useful to understand how the results could change depending on the

di¤erent values of these parameters. Speci�cally, we vary the parameter that determines the

preferences of agents in country H for the consumption of goods produced at Home, i.e. the

degree of openness �, from 0.1 (very open economy) to 1 (completely closed economy). We

perform the analogous exercise as in the previous subsection in order to evaluate welfare gains

from targeting the "core" versus broader (DIT) in�ation index. In addition, we compare welfare

implications of �exible CPI and DIT regimes. For this analysis we consider � = 1, �H =

�N = 0:66, and the rest of the parameters are �xed at their calibrated values. Figure 1.13

(right panel) displays the results. In particular, the gains from targeting the "core" in�ation in

the open economy (for all � < 1) are positive (relatively to both the CPI and DIT) even under
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the same sector size and the price stickiness, in contrast to the zero gains for the closed economy.

The higher degree of openness implies the greater bene�ts from the stabilization of appropriately

weighted in�ation index compared to DIT regime. For relatively closed economies, stability of

the domestic in�ation delivers better welfare results than the CPI targeting, but the opposite

is true for more open economies.

Figure 1.14 (left panel) displays welfare gains from targeting the alternative price indices

as a function of the elasticity of substitution between home and foreign goods �. The elasticity

of substitution between traded and non-traded goods is kept at its calibrated value (0.5).

The results suggest that the gain from targeting the core rather than the aggregate price

index is increasing when domestic households receive a greater opportunity to substitute for

foreign goods in the consumption basket. For higher values of � , the optimal volatility of

tradable in�ation and output risess relatively to the volatility of non-tradable sector variables

and it becomes more important to account for such an increased discrepancy between sectors.

Comparing the performance of CPI versus DIT regimes we notice that for home and foreign

goods that are complements the targeting of the domestic in�ation strongly outperforms the

CPI. As the elasticity of substitutes rises, the gains form switching to CPI targeting regime

become more sizable.

Figure 1.14 (right panel) presents the similar welfare analysis depending on the preference

parameter !; � is �xed at the calibrated value 1:5. The graph indicates that bene�ts from dif-

ferentiating the response between sectoral in�ation rates diminish with the increasing elasticity

of substitution of non-tradables. This happens due to the fact that non-tradable in�ation be-

comes less heavily weighted in the welfare objective function and the optimal volatilities in both

sectors converge. Moreover, for ! higher than 0:9, the DIT regime is a better approximation of

the optimal policy comparing to CPI. Note that for the special case of unitary elasticity of �,

the domestic in�ation targeting regime would basically reproduce the core index and outper-

form the consumer price in�ation stabilization for all considered values of !. From this analysis

we also notice that welfare implications of heterogeneity between the elasticity of substitution

parameters (� and !) di¤er depending on which type of goods becomes more substitutes. In

case when the sectoral elasticities diverge due to the increase in �, the "core" in�ation targeting

does better job in replicating the optimal solution. As the structural asymmetries rise due to

higher elasticity of substitution of non-tradables, the DIT regime delivers higher welfare.

8 Conclusions

In this paper we analyzed the stabilization objectives of optimal monetary policy in a two-sector

small open economy model obtained as a limiting case of a two-country DSGE framework. We

assessed the role of sectoral heterogeneity, general preferences, and multiple relative prices

for monetary policy design and welfare evaluation. The stabilization objectives derived for our

model speci�cation and represented by the loss function display the features of an open economy

and re�ect a multisectoral economic structure. Speci�cally, it is shown that social welfare is
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a¤ected by deviations in in�ation rates and output gaps (with sector-speci�c weights) as well

as in relative prices from their target values. Therefore, the micro-founded welfare objective

function di¤ers from the ad hoc forms widely assumed in the applied literature. The exposure

of one of the domestic sectors to the external environment not only determines the presence of

open economy terms in the loss function, but also a¤ects the decomposition of weights between

domestic variables. In particular, the sector that is open to trade is allowed to adjust more

at the optimum compared to the sector that produces goods for internal consumption only.

Such a result implies a qualitatively di¤erent policy response to deviations in sector-speci�c

variables compared to the closed economy setting and determines the asymmetric response of

the domestic sectors to various shocks. We characterized the optimal policy by the optimal

targeting rule, which is a rather complex expression.

Furthermore, we experimented with alternative simple rules and analyzed their ability to

replicate the optimal solution. The numerical results suggest that the type of shock is an

important determinant of the comparative performance of optimal versus simple policy rules.

Speci�cally, the optimal responses di¤er the most from the simple rules under �scal and mark-

up shocks. On the contrary, the DIT regime better approximates the optimal plan under foreign

and productivity shocks.

An analysis of the welfare implications of alternative simple rules suggests that strict tar-

geting of domestic and CPI in�ation does not yield the best approximations for the optimal

policy, and social welfare can be improved by accounting for other policy objectives, namely,

the output gap and the relative prices. We presented a ranking of alternative simple rules and

evaluated the welfare bene�ts of targeting the core versus broader in�ation indices. In addi-

tion, we showed that the simple rules which incorporate a response to the relative price changes

achieve more e¢ cient stabilization of sector-speci�c variables. Finally, the sensitivity analysis

demonstrates that implications of equal degree of price stickiness across sectors di¤er for closed

and open economies. Unlike the policy implemented in the closed economy, the optimal strat-

egy in the open economy may prescribe the equivalent response to changes in sector-speci�c

price indices (and thus targeting the aggregate price index) even under the diverse values of

sectoral nominal rigidities. Targeting the "core" rather than domestic in�ation delivers higher

welfare as prices in the non-traded sector become relatively stickier, the economy is more open,

and the elasticity of substitution between home and foreign goods increases. The DIT regime

becomes welfare bene�cial as the possibility to substitute between non-tradable and tradable

goods rises.
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9 Appendix

9.1 The Steady State

We approximate the model around the steady state, in which AN = AH = 1; GH = GN = 0,

�H � 1, �N � 1. We assume that producer prices do not change in the steady state, i.e.,

�H =
PH;t
PH;t�1

= 1 and �N =
PN;t
PN;t�1

= 1 at all times. The optimal risk-sharing condition implies

that ERt =
UC(C

�
t )

UC(Ct)
ko. Under the given functional forms, we obtain the condition for the steady

state: ER =
�
C

C
�

��
ko. By choosing ko =

�
C

C
�

���
we obtain the steady state real exchange rate

equal to unity, i.e., ER = 1. We normalize the price indices of traded goods at home and

abroad so that PH = P F , as usually assumed in the literature, i.e., in the steady state the

terms of trade PFH are equal to unity. Moreover, from the price index equation (1a) it follows

that PH = P T . We can write the general price index (1) as: 1 = [p1�!N + (1 � )p1�!T ]
1

1�!

where pN = PN
P
, pT =

PT
P
. From this relation we obtain PN = P T = P . The price index

equations and the fact that ER = 1 imply that in the steady state prices at home and abroad

are equalized. Furthermore, the price setting equations imply the following relationships in the

steady state:

UC(C)
PH

P
= �HVy(Y H); (1)

UC(C)
PN

P
= �NVy(Y N) : (2)

From the aggregate demand equations (7) and (4) (main text) we obtain:

Y H =
h
(1� )�C + (1� �)e��C�i ; (3)

Y N = C: (4)

The world aggregate resource constraint is given by: Y + Y
�
= C + C

�
. Combining this

condition with (3) and (4) we obtain:

C

C
� =

(1� �)e��
(1� )(1� �)

: (5)

This relation demonstrates that even under the complete market assumption, the structural

asymmetries result in a wedge between consumption in the two countries. Finally, ko =�
C

C
�

���
=
�

(1��)e��
(1�)(1��) :

���
:
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9.2 Second-Order Approximation to the Utility Function and Equi-

librium Conditions

We apply the methodology described in Woodford (2003) and Benigno and Woodford (2005)

in order to obtain the second-order approximation to the utility function of the form:

U jt = Et

( 1X
s=t

�s�t[U(Cjs)� V (ys;T (j); A
i
s;T )� V (ys;N(j); A

i
s;N)]

)
: (6)

We assume that preferences have isoelastic functional form and we arrive at the following

expression:

Wto = UCCEt0

1X
t=t0

�t�t0� (7)266664
bCt � (�N)�1 bYN;t � (�H)�1(1� )bYH;t + 1

2
(1� �) bC2t

�1
2
(�N)

�1(1 + �)bY 2
N;t � 1

2
(�H)

�1(1� )(1 + �)bY 2
H;t

+(�N)
�1� bAN;tbYN;t + (�H)�1(1� )� bAH;tbYH;t

�1
2
 �
�NkN

�2N;t � 1
2
(1� ) �

�HkH
�2H;t:+ t:i:p+ (

�3)

377775 ;

where t:i:p: denotes terms that are independent of policy and (
�3) denotes terms that are of

third order and higher. We can write (7) in a vector-matrix form as:

Wto = UCCEt0

1X
t=t0

�t�t0
�
z
0

xxt �
1

2
x
0

tZxxt � x
0

tZ��t �
1

2
z�H�

2
H;t �

1

2
z�N�

2
N;t

�
+ t:i:p+ (

�3);
(8)

where

x
0

t �
h bYH;t bYN;t bCt bPHT;t bPNT;t dERt i ;

�
0

t �
h bAH;t bAN;t b�H;t b�N;t bgH;t bgN;t bC�t bP �NT;t i ;

z
0

x �
h
(�(�H)�1(1� )) (�(�N)�1) 1 0 0 0

i
;

Zx �

26666666664

(�H)
�1(1� )(1 + �) 0 0 0 0 0

0 (�N)
�1(1 + �) 0 0 0 0

0 0 �(1� �) 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

37777777775
;
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Z� �

26666666664

�(�H)�1(1� )� 0 0 0 0 0 0 0

0 �(�N)�1� 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

37777777775
:

z�H � (1� )
�

�HkH
z�N � 

�

�NkN
;

where kL =
(1��L�)(1��L)
�L(1+��)

, for L = H;N .

We now derive the second-order approximation to the structural equilibrium conditions.

Following Benigno and Woodford (2005), we approximate the optimal price-setting equation

(expression (10) in the main text) for both domestic sectors as well as the law of motion for the

sectoral price indices (11). We combine the corresponding expressions and, after integrating

forward, obtain the following relations:

V H
0 = Et0

1X
t=t0

�t�t0� (9)8>>>><>>>>:

h
�bYH;t + � bCt � bPHT;t +  bPNT;t + b�H;t � � bAH;ti+ 1

2
(1� !)(1� ) bP 2NT;t

+1
2

"
�bYH;t + � bCt � bPHT;t+
 bPNT;t + b�H;t � � bAH;t

#
�
"
(2 + �)bYH;t � � bCt + bPHT;t�
 bPNT;t + b�H;t � � bAH;t

#
+1
2
�(1+�)
kH

�2H;t + s:o:t:i:p:+ (
�3)

9>>>>=>>>>; ;

V N
0 = Et0

1X
t=t0

�t�t0� (10)8>>>><>>>>:

h
�bYN;t + � bCt � (1� ) bPNT;t + b�N;t � � bAN;ti++1

2
(1� !)(1� ) bP 2NT;t

+1
2

"
�bYN;t + � bCt � (1� ) bPNT;t+b�N;t � � bAN;t

#
�
"
(2 + �)bYN;t � � bCt + (1� ) bPNT;t+

+b�N;t � � bAN;t
#

+1
2
�(1+�)
kN

�2N;t + s:o:t:i:p:+ (
�3)

9>>>>=>>>>; ;

where s:o:t:i:p: denotes second-order terms independent of policy. We can present equations

(9) and (10) in a vector-matrix form as :

V H
0 = Et0

1X
t=t0

�t�t0
�
a
0

xxt + a
0

��t +
1

2
x
0

tAxxt + x
0

tA��t +
1

2
a�H�

2
H;t

�
+ s:o:t:i:p:+ (

�3); (11)

V N
0 = Et0

1X
t=t0

�t�t0
�
b
0

xxt + b
0

��t +
1

2
x
0

tBxxt + x
0

tB��t +
1

2
b�N�

2
N;t

�
+ s:o:t:i:p:+ (

�3); (12)

where

a
0

x �
h
� 0 � �1  0

i
;
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a
0

� �
h
�� 0 1 0 0 0 0 0

i
:

Ax �

26666666664

�(2 + �) 0 � �1  0

0 0 0 0 0 0

� 0 ��2 � � 0

�1 0 � �1  0

 0 �  �2 0

0 0 0 0 0 0

37777777775
;

A� �

26666666664

��(1 + �) 0 (1 + �) 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

37777777775
;

a�H �
�(1 + �)

kH
:

b
0

x �
h
0 � � 0 �(1� ) 0

i
;

b
0

� �
h
0 �� 0 1 0 0 0 0

i
:

Bx �

26666666664

0 0 0 0 0 0

0 �(2 + �) � 0 � (1� ) 0

0 � ��2 0 �(1� ) 0

0 0 0 0 0 0

0 �(1� ) �(1� ) 0 (1� )2 0

0 0 0 0 0 0

37777777775
;

B� �

26666666664

0 0 0 0 0 0 0 0

0 ��(1 + �) 0 (1 + �) 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

37777777775
;

b�N �
�(1 + �)

kN
:

The traded-goods demand equation is of the form:

YH =

�
PT
P

��! �
PH
PT

���
� (13)(

�(1� )C +

�
1

ER

��! ��
1

�(PFH)��1 + (1� �)

�� ��!
1��

(1� �)e��C�) :
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We take the second-order expansion of (13) and obtain the following relation:

bYH;t = � [� + (� � !)�] bPHT;t + ! bPNT;t + � bCt + !(1� �)dERt + (1� �) bC�t +
+bgH;t + 1

2
�(1� �) bC2t + 12!2�(1� �)dER2t + 12!(1� !)(1� )[PNT;

2

t �

�1
2

�

(1� �)

�
(1� �)(� � !)� (� � !)2�2

� bP 2HT;t � (� � !)!�2dERt bPHT;t � (14)

�!�(1� �)dERt bCt + (� � !)�2 bCt bPHT;t + !�(1� �)dERt bC�t � (� � !)�2 bPHT;t bC�t �
��(1� �) bCt bC�t � ! bPNT;tbgH;t + [� + �(� � !)] bPHT;tbgH;t � � bCtbgH;t �
�!(1� �)dERtbgH;t + s:o:t:i:p:+ (

�3):
In a vector-matrix form the expression above takes the following form:

1X
t=t0

�t�t0
�
c
0

xxt + c
0

��t +
1

2
x
0

tCxxt + x
0

tC��t

�
+ s:o:t:i:p:+ (

�3) = 0; (15)

where

c
0

x �
h
�1 0 � � [� + (� � !)�] ! !(1� �)

i
;

c
0

� �
h
0 0 0 0 1 0 (1� �) 0

i
:

Cx �

2666666666664

0 0 0 0 0 0

0 0 0 0 0 0

0 0 �(1� �) (� � !)�2 0 � !�(1� �)

0 0 (� � !)�2 �
(1��)

"
(1� �)(� � !)�
(� � !)2�2

#
0 �(� � !)!�2

0 0 0 0 !(1� !)(1� ) 0

0 0 �!�(1� �) �(� � !)!�2 0 !2�(1� �)

3777777777775
;

C� �

26666666664

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 �� 0 ��(1� �) 0

0 0 0 0 [� + �(� � !)] 0 �(� � !)�2 0

0 0 0 0 �! 0 0 0

0 0 0 0 �!(1� �) 0 !�(1� �) 0

37777777775
:

Similarly, the demand equation for non-traded goods takes the following form:

YN =

�
PN
P

��!
C: (16)
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The second-order approximation of this equation yields the following expressions:

bYN;t = bCt � w(1� ) bPNT;t + bgN;t + 1
2
(1� )!(1� !) bP 2NT;t� (17)bCtbgN;t + !(1� ) bPNT;tbgN;t + (�3);

1X
t=t0

�t�t0
�
d
0

xxt + d
0

��t +
1

2
x
0

tDxxt + x
0

tD��t

�
+ s:o:t:i:p:+ (

�3) = 0: (18)

d
0

x �
h
0 �1 1 0 � w(1� ) 0

i
;

d
0

� �
h
0 0 0 0 0 1 0 0

i
;

Dx �

26666666664

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 (1� )!(1� !) 0

0 0 0 0 0 0

37777777775
;

D� �

26666666664

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 �1 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 !(1� ) 0 0

0 0 0 0 0 0 0 0

37777777775
;

The second-order approximation of the risk-sharing equation (9) in the main text takes the

form: bCt = 1

�
dERt + bC�t : (19)

1X
t=t0

�t�t0
�
e
0

xxt + e
0

��t +
1

2
x
0

tExxt + x
0

tE��t

�
+ s:o:t:i:p:+ (

�3) = 0: (20)

e
0

x �
h
0 0 �1 0 0 1

�

i
;

e
0

� �
h
0 0 0 0 0 0 1 0

i
:

Ex = 0; E� = 0:

Finally, the real exchange rate equation (12) approximated up to the second order takes the
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form:

� bPHT;t = �(1� �)dERt � (1� �) bPNT;t + �(1� �) bP �NT;t � 12 (1� �)

�
(1� �)dER2t � (21)

�1
2
(1� �)

�
(1� �)

�
+ (1� !)(1� )

� bP 2NT;t � (1� �)

�
(1� �)dERt bPNT;t +

+
(1� �)

�
(1� �)�dERt bP �NT;t + (1� �)

�
(1� �)� bPNT;t bP �NT;t + s:o:t:i:p:+ (

�3):
1X
t=t0

�t�t0
�
f
0

xxt + f
0

��t +
1

2
x
0

tFxxt + x
0

tF��t

�
+ s:o:t:i:p:+ (

�3) = 0: (22)

f
0

x �
h
0 0 0 �� � (1� �) � (1� �)

i
;

f
0

� �
h
0 0 0 0 0 0 0 �(1� �)

i
;

Fx �

26666666664

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 �(1� �)
h
(1��)
�

+ (1� !)(1� )
i

� (1��)
�
(1� �)

0 0 0 0 �(1��)
�
(1� �) � (1��)

�
(1� �)

37777777775
;

F� �

26666666664

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 (1��)
�
(1� �)�

0 0 0 0 0 0 0 (1��)
�
(1� �)�

37777777775
:

We combine constraints (11), (12), (15), (18), (20), and (22) in order to get rid of the linear

terms in the objective function (8). We collect vectors that contain the linear components of

the above constraints and derive the vector �, such that:h
ax bx cx dx ex fx

i
� � = zx:

We solve the system of linear equations using the symbolic Matlab toolbox and derive values

�1 � �6 associated with each of the constraints. After the linear terms cancel, we obtain the

following expression for the loss function:

Lto = UCCEt0

1X
t=t0

�t�t0
�
1

2
x
0

t
eZxxt + x

0

t
eZ��t + 12 eZ�H�2H;t + 12 eZ�N�2N;t

�
+K0+t:i:p+(

�3); (23)
where eZx = Zx + �1Ax + �2Bx + �3Cx + �4Dx + �5Ex + �6Fx;
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eZ� = Z� + �1A� + �2B� + �3C� + �4D� + �5E� + �6F�;eZ�H = z�H + �1a�H ;eZ�N = z�N + �2b�N ;

K0 � UCC
�
�1V

H
0 + �2V

N
0

�
:

Vectors eZx; eZ�H ; eZ�N represent the weights next to the endogenous variables in the objective
function.

Furthermore, we would like to present the loss function (23) in terms of the variables bYN;t,bYH;t,dERt, bPNT;t. Thus, we map the vector of all endogenous variables x0t � h bYH;t bYN;t bCt bPHT;t bPNT;t dERt i
into the variables of interest with the use of matrices Q and Q� such that:

xt = Q
h bYH;t bYN;t bPNT;t dERt i0 +Q��t; (24)

and

Q =

26666666664

1 0 0 0

0 1 0 0

(1� )  �(1�)(el+1��)
��

�(1�)(l+1��)
��

0 0 �(1��)
�

�(1��)
�

0 0 1 0

0 0 0 1

37777777775
;

Q� =

26666666664

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 �(1� ) � 0 �(1�)(el+1��)
��

0 0 0 0 0 0 0 �(1��)
�

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

37777777775
;

where l = (��� 1)(1� �)(1+ �) and el = l� (�!� 1)(1� �)�: Therefore, the loss function (23)
can be expressed as follows:

Lto = UCCEt0

1X
t=t0

�t�t0
�
1

2
X

0

tWxXt +X
0

tW��t +
1

2
W�H�

2
H;t +

1

2
W�N�

2
N;t

�
+K0+ t:i:p+ (

�3);
(25)

whereX
0
t =

h bYH;t bYN;t bPNT;t dERt i ; Wx = Q
0 eZxQ; W� = Q

0 eZxQ�+Q0 eZ�; W�H =
eZ�H ;

W�N =
eZ�N :

Finally, we present the variables in the objective function in terms of the deviations from

their target values. Thus, we denote the gap as eXt = (Xt�XT
t ). The target values are functions

of the exogenous shocks and take the following general form: XT
t =

�
�W�

Wx
�t

�
: As a result, we
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are able to present the objective function in the following quadratic form:

Lto = UCCEt0

1X
t=t0

�t�t0
�
1

2
(Xt �XT

t )
0
Wx(Xt �XT

t ) +
1

2
W�H�

2
H;t +

1

2
W�N�

2
N;t

�
+

+K0 + t:i:p+ (
�3): (26)

Expression (26) corresponds to formula (29) in the main text.
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9.3 Tables and Figures

Table 1. Calibration of the parameters
Parameters De�nition Value
Structural parameters
� discount factor 0.99
� inverse of intertemporal elasticity of substitution 3
� intermediate goods elasticity of substitution 6
� elasticity of substitution between home and foreign goods 1.5
! elasticity of substitution between tradable and non-tradable goods 0.5
� inverse of elasticity of goods production 0.47
 share of non-tradables 0.5
� degree of openness 0.6
� share of non-tradables in foreign country 0.5
�H Calvo price parameter, tradable sector 0.55
�N Calvo price parameter, non-tradable sector 0.6
Parameters of stochastic shocks
�Ah technology autoregressive coe¢ cient, tradable sector 0.8
�Ah technology standard deviations, tradable sector 0.024
�An technology autoregressive coe¢ cient, non-tradable sector 0.9
�An technology standard deviations, non-tradable sector 0.008
�Gh autoregressive coe¢ cient government spending shock, tradable sector 0.7
�Gh standard deviations of government spending shock, tradable sector 0.01
�Gn autoregressive coe¢ cient government spending shock, non-tradable sector 0.8
�Gn standard deviations of government spending shock, non-tradable sector 0.008
��h autoregressive coe¢ cient mark-up shock, tradable sector 0.7
��h standard deviations of mark-up shock, tradable sector 0.02
��n autoregressive coe¢ cient mark-up shock, non-tradable sector 0.8
��n standard deviations of mark-up shock, non-tradable sector 0.014
�C� autoregressive coe¢ cient of foreign consumption shock 0.9
�C� standard deviations of foreign consumption shock 0.007
�pnt� autoregressive coe¢ cient of foreign relative price shock 0.7
�pnt� standard deviations of foreign relative price shock 0.012
Parameters of calibrated monetary policy rule
�r smoothing coe¢ cient 0.75
 � in�ation coe¢ cient 0.49
 Y output gap coe¢ cient 0.038
"r standard deviations of monetary policy shock 0.003
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Table 2. Matching the moments: Data and the baseline model
(Canadian data, HP-�ltered series, sample 1981Q1-2007Q4)
Series, std. in % Data Model
Total output 1.45 1.33
Output, tradable sector 3.14 3.77
Output, non-tradable sector 1.22 1.47
CPI in�ation 0.47 0.48
In�ation, tradable sector 0.73 0.73
In�ation,non-tradable sector 0.44 0.40
Real exchange rate 3.48 3.60
Nominal interest rate 0.36 0.41

De�nitions of used data series (data source - Statistics Canada):
- Real exchange rate: computed as nominal CDN$-US$ exchange rate de�ated by Canadian

and US CPI data.
- Nominal interest rate: Canadian 3-month T-bill interest rate.
- CPI in�ation rate: the percentage change in the consumer price index.
- CPI in�ation, tradable sector: the percentage change in the consumer price index for goods.
- CPI in�ation, non-tradable sector: the percentage change in the consumer price index for

services.
- Total output: GDP at 1997 constant dollars, s.a.
- Output, tradable sector: commodities and manufactured goods 1997 constant dollars, s.a.
- Output, non-tradable sector: services 1997 constant dollars, s.a.: utilities, construction,

wholesale and retail trade, transportation and warehousing, information and cultural industries,
�nance and insurance, real estate and renting and leasing and management of companies and
enterprises, professional scienti�c and technical services, administrative and support, waste
management and remediation services, educational services, health care and social assistance,
arts entertainment and recreation, accommodation and food services, other services, public
administration.

44



T
ab
le
3.
W
el
fa
re
R
an
ki
n
g
of
O
p
ti
m
al
S
im
p
le
R
u
le
s

P
ol
ic
y
R
ul
e

O
pt
im
iz
ed
co
e¢
ci
en
ts

L
os
s
to
op
ti
m
al

k1
k2

k3
k4

V
O
S
R

V
O
P
T

D
om
es
ti
c
In
�a
ti
on
St
ab
ili
za
ti
on

1.
br=0

:7
5
br �1+

1
�
D

-
-

-
-

1.
28
4

2.
br=0

:7
5
br �1+

k
1
�
D

1.
64
4

-
-

-
1.
18
4

F
le
xi
bl
e
D
om
es
ti
c
In
�a
ti
on
T
ar
ge
ti
ng

3.
br=0

:7
5
br �1+

k
1
�
D
+
k
2
e Y

1.
68

0.
01
7

-
-

1.
18

4.
br=0

:7
5
br �1+

k
1
�
D
+
k
2
e Y+

k
3
�
g ER

1.
81

0.
01
8

0.
05
6

-
1.
17
8

5.
br=0

:7
5
br �1+

k
1
�
D
+
k
2
e Y+

k
3
�
e P NT

1.
65
6

0.
01
8

0.
28
8

-
1.
13
7

6.
br=0

:7
5
br �1+

k
1
�
D
+
k
2
e Y H+

k
3
e Y N

3.
44

0.
04
4

0.
60
1

1.
14
4

C
P
I
In
�a
ti
on
St
ab
ili
za
ti
on

7.
br=0

:7
5
br �1+

1
�
C
P
I

-
-

-
-

1.
29
4

8.
br=0

:7
5
br �1+

k
1
�
C
P
I

1.
60
6

-
-

-
1.
19
8

F
le
xi
bl
e
C
P
I
In
�a
ti
on
T
ar
ge
ti
ng

9.
br=0

:7
5
br �1+

k
1
�
C
P
I
+
k
2
e Y

1.
66
4

0.
02
1

-
-

1.
19
1

10
.
br=0

:7
5
br �1+

k
1
�
C
P
I
+
k
2
e Y+

k
3
�
g ER

1.
77
1

0.
01
78

-0
.2
58

-
1.
14
8

11
.
br=0

:7
5
br �1+

k
1
�
C
P
I
+
k
2
e Y+

k
3
�
e P NT

5.
31
7

0.
07

1.
65
9

-
1.
06
0

Se
ct
or
-s
p
ec
i�
c
in
�a
ti
on
ta
rg
et
in
g:

12
.
br=0

:7
5
br �1+

k
1
�
H
+
k
2
�
N

1.
34
5

5.
72
1

-
-

1.
05
5

13
.
br=0

:7
5
br �1+

k
1
�
N
+
k
2
�
g ER

3.
93
5

0.
18
3

-
-

1.
12
3

14
.
br=0

:7
5
br �1+

k
1
�
N
+
k
2
�
e P NT

4.
78
9

-0
.6
85

-
-

1.
07
2

15
.
br=0

:7
5
br �1+

k
1
�
H
+
k
2
�
N
+
k
3
e Y

1.
53
2

6.
85
8

0.
11

-
1.
04
7

16
.
br=0

:7
5
br �1+

k
1
�
H
+
k
2
�
N
+
k
3
�
g ER

1.
91
8

8.
41
8

0.
26
4

-
1.
07
5

17
.
br=0

:7
5
br �1+

k
1
�
H
+
k
2
�
N
+
k
3
e Y+

k
4
�
g ER

2.
29
2

10
.5
86

0.
17
4

0.
33

1.
04

18
.
P
E
G

-
-

-
-

3.
09

45



T
ab
le
4.
M
ac
ro
ec
on
om
ic
V
ol
at
il
it
y
u
n
d
er
A
lt
er
n
at
iv
e
P
ol
ic
y
R
u
le
s

(s
ta
nd
ar
d
de
vi
at
io
n
in
%
un
de
r
va
ri
ou
s
O
SR
s
re
la
ti
ve
to
th
e
op
ti
m
al
ru
le
,
st
:d
ev
O
S
R

st
:d
ev
O
P
T
)

P
ol
ic
y
R
ul
e

V
ar
ia
bl
es

�
H

�
N

�
D

�
C
P
I

e Y H
e Y N

e Y
e P NT

g ER
br

O
pt
im
al
,
st
d
%

0.
66

0.
17

0.
28

0.
52

4.
25

1.
57

1.
6

3.
36

3.
96

0.
65

D
om
es
ti
c
In
�a
ti
on
St
ab
ili
za
ti
on

1.
br=0

:7
5
br �1+

1
�
D

0.
53

2.
06

0
1.
08

1.
10

1.
17

1.
09

0.
94

1.
04

1.
02

2.
br=0

:7
5
br �1+

k
1
�
D

0.
70

1.
82

0.
53

0.
94

1.
08

1.
01

1.
07

0.
95

1.
01

0.
74

F
le
xi
bl
e
D
om
es
ti
c
In
�a
ti
on
T
ar
ge
ti
ng

3.
br=0

:7
5
br �1+

k
1
�
D
+
k
2
e Y

0.
70

1.
88

0.
54

0.
94

1.
06

1.
02

1.
05

0.
95

1.
01

0.
74

4.
br=0

:7
5
br �1+

k
1
�
D
+
k
2
e Y+

k
3
�
g ER

0.
70

1.
90

0.
56

0.
86

1.
06

1.
03

1.
06

0.
94

0.
99

0.
69

5.
br=0

:7
5
br �1+

k
1
�
D
+
k
2
e Y+

k
3
�
e P NT

0.
83

1.
53

0.
75

1.
23

1.
07

0.
96

1.
05

1.
01

1.
05

0.
91

6.
br=0

:7
5
br �1+

k
1
�
D
+
k
2
e Y H+

k
3
e Y N

0.
77

1.
71

0.
64

0.
94

1.
06

0.
94

1.
06

0.
96

1.
01

0.
75

C
P
I
In
�a
ti
on
St
ab
ili
za
ti
on

6.
br=0

:7
5
br �1+

1
�
C
P
I

0.
86

2
1

0
1.
08

1.
17

1.
11

0.
88

0.
86

1.
08

7.
br=0

:7
5
br �1+

k
1
�
C
P
I

0.
86

1.
82

0.
93

0.
44

1.
07

1.
01

1.
09

0.
92

0.
90

0.
71

F
le
xi
bl
e
C
P
I
In
�a
ti
on
T
ar
ge
ti
ng

9.
br=0

:7
5
br �1+

k
1
�
C
P
I
+
k
2
e Y

0.
86

1.
82

0.
93

0.
46

1.
06

1.
02

1.
07

0.
93

0.
91

0.
72

10
.
br=0

:7
5
br �1+

k
1
�
C
P
I
+
k
2
e Y+

k
3
�
g ER

0.
82

1.
65

0.
75

0.
71

1.
06

1
1.
06

0.
95

1
0.
85

11
.
br=0

:7
5
br �1+

k
1
�
C
P
I
+
k
2
e Y+

k
3
�
e P NT

1.
03

0.
94

1.
07

0.
83

1.
07

0.
88

1.
07

0.
99

0.
99

0.
65

Se
ct
or
-s
p
ec
i�
c
in
�a
ti
on
ta
rg
et
in
g:

12
.
br=0

:7
5
br �1+

k
1
�
H
+
k
2
�
N

0.
97

0.
88

0.
89

1.
02

1.
09

0.
86

1.
08

1.
01

1.
02

0.
60

13
.
br=0

:7
5
br �1+

k
1
�
N
+
k
2
�
g ER

1.
23

0.
47

1.
43

1.
10

1.
09

0.
84

1.
10

1.
09

0.
98

0.
66

14
.
br=0

:7
5
br �1+

k
1
�
N
+
k
2
�
e P NT

1.
07

0.
76

1.
14

0.
79

1.
08

0.
89

1.
09

0.
99

0.
97

0.
69

15
.
br=0

:7
5
br �1+

k
1
�
H
+
k
2
�
N
+
k
3
e Y

0.
98

0.
88

0.
93

1.
02

1.
07

0.
89

1.
06

1.
01

1.
02

0.
6

16
.
br=0

:7
5
br �1+

k
1
�
H
+
k
2
�
N
+
k
3
�
g ER

0.
98

0.
88

0.
93

0.
90

1.
09

0.
88

1.
09

1.
01

0.
99

0.
62

17
.
br=0

:7
5
br �1+

k
1
�
H
+
k
2
�
N
+
k
3
e Y+

k
4
�
g ER

0.
98

0.
94

0.
93

0.
90

1.
07

0.
90

1.
07

1
0.
99

0.
63

18
.
P
E
G

1.
5

4.
52

2.
86

1.
38

1.
10

1.
56

1.
17

0.
83

0.
77

0.
91

46



F
ig
ur
e
3:
Im
pu
ls
e
R
es
po
ns
e
to
a
P
ro
du
ct
iv
it
y
Sh
oc
k
in
th
e
T
ra
de
d
Se
ct
or

5
10

15
20

420

x 
10

4
H

om
e 

In
fla

tio
n

5
10

15
20

5051015
x 

10
5

N
T 

In
fla

tio
n

5
10

15
20

024
x 

10
4

C
P

I i
nf

la
tio

n

5
10

15
20

012
x 

10
3
H

om
e 

O
ut

pu
t

5
10

15
20

0246

x 
10

4
N

T 
O

ut
pu

t

5
10

15
20

2
0

1
00

x 
10

4 To
ta

l o
ut

pu
t g

ap

5
10

15
20

024

x 
10

4
C

on
su

m
pt

io
n

5
10

15
20

505
x 

10
4

R
el

at
.p

ric
e 

of
 N

T 
go

od
s

5
10

15
20

051015
x 

10
4

R
ea

l E
R

5
10

15
20

01020
x 

10
4

N
om

in
al

 E
R

5
10

15
20

6420

x 
10

4
In

te
re

st
 ra

te

5
10

15
20

2
0

1
00

x 
10

5 D
om

es
tic

 in
fla

tio
n

op
tim

di
t

cp
it

pe
g

47



F
ig
ur
e
4:
Im
pu
ls
e
R
es
po
ns
e
to
a
P
ro
du
ct
iv
it
y
Sh
oc
k
in
th
e
N
on
-T
ra
de
d
Se
ct
or

5
10

15
20

01020

x 
10

5 H
om

e 
In

fla
tio

n

5
10

15
20

420

x 
10

4
N

T 
In

fla
tio

n

5
10

15
20

2101
x 

10
4 D
om

es
tic

 In
fla

tio
n

5
10

15
20

2024

x 
10

4
C

P
I I

nf
la

tio
n

5
10

15
20

10123
x 

10
3
H

om
e 

O
ut

pu
t

5
10

15
20

0

0.
51

x 
10

3
N

T 
ou

tp
ut

5
10

15
20

505

x 
10

4 To
ta

l o
ut

pu
t g

ap

5
10

15
20

20246

x 
10

4
C

on
su

m
pt

io
n

5
10

15
20

1

0
.50

x 
10

3
R

el
at

.p
ric

e 
of

 N
T 

go
od

s

5
10

15
20

01020
x 

10
4

R
ea

l E
R

5
10

15
20

012

x 
10

3
N

om
in

al
 E

R

5
10

15
20

864202
x 

10
4

In
te

re
st

 ra
te

op
tim

pe
g

di
t

cp
it

48



F
ig
ur
e
5:
Im
pu
ls
e
R
es
po
ns
e
to
a
Fo
re
ig
n
C
on
su
m
pt
io
n
Sh
oc
k

5
10

15
20

01020

x 
10

4 H
om

e 
In

fla
tio

n

5
10

15
20

01020

x 
10

4
N

T 
In

fla
tio

n

5
10

15
20

01020

x 
10

4 D
om

es
tic

 In
fla

tio
n

5
10

15
20

64202
x 

10
3

C
P

I I
nf

la
tio

n

5
10

15
20

0
.0

2

0
.0

10

0.
01

H
om

e 
O

ut
pu

t

5
10

15
20

0510
x 

10
3

N
T 

O
ut

pu
t

5
10

15
20

01020
x 

10
3 To

ta
l o

ut
pu

t g
ap

5
10

15
20

0510
x 

10
3

C
on

su
m

pt
io

n

5
10

15
20

0

0.
00

5

0.
01

R
el

at
.p

ric
e 

of
 N

T 
go

od
s

5
10

15
20

0
.0

2

0
.0

10
R

ea
l E

R

5
10

15
20

0
.0

3

0
.0

2

0
.0

10
N

om
in

al
 E

R

5
10

15
20

1
5

1
050

x 
10

3
In

te
re

st
 ra

te

op
tim

pe
g

di
t

cp
it

49



F
ig
ur
e
6:
Im
pu
ls
e
R
es
po
ns
e
to
a
Fo
re
ig
n
R
el
at
iv
e
P
ri
ce
Sh
oc
k

5
10

15
20

1012

x 
10

4 H
om

e 
In

fla
tio

n

5
10

15
20

1012

x 
10

4
N

T 
In

fla
tio

n

5
10

15
20

1012

x 
10

4 D
om

es
tic

 In
fla

tio
n

5
10

15
20

1
5

1
0505

x 
10

4
C

P
I I

nf
la

tio
n

5
10

15
20

420

x 
10

3
H

om
e 

O
ut

pu
t

5
10

15
20

01020
x 

10
4

N
T 

O
ut

pu
t

5
10

15
20

32101
x 

10
3 To

ta
l o

ut
pu

t g
ap

5
10

15
20

01020
x 

10
4

C
on

su
m

pt
io

n

5
10

15
20

0123
x 

10
3

R
el

at
.p

ric
e 

of
 N

T 
go

od
s

5
10

15
20

024

x 
10

3
R

ea
l E

R

5
10

15
20

024

x 
10

3
N

om
in

al
 E

R

5
10

15
20

32101
x 

10
3

In
te

re
st

 ra
te

op
tim

pe
g

di
t

cp
it

50



F
ig
ur
e
7:
Im
pu
ls
e
R
es
po
ns
e
to
a
M
ar
k-
U
p
Sh
oc
k
in
th
e
T
ra
de
d
Se
ct
or

5
10

15
20

20246

x 
10

4 H
om

e 
In

fla
tio

n

5
10

15
20

2101
x 

10
4

N
T 

In
fla

tio
n

5
10

15
20

024
x 

10
4 D
om

es
tic

 In
fla

tio
n

5
10

15
20

101
x 

10
3

C
P

I I
nf

la
tio

n

5
10

15
20

4202

x 
10

3
H

om
e 

O
ut

pu
t

5
10

15
20

2101

x 
10

3
N

T 
O

ut
pu

t

5
10

15
20

0
.0

15

0
.0

1

0
.0

050
To

ta
l o

ut
pu

t g
ap

5
10

15
20

101
x 

10
3

C
on

su
m

pt
io

n

5
10

15
20

2101

x 
10

3
R

el
at

.p
ric

e 
of

 N
T 

go
od

s

5
10

15
20

4202

x 
10

3
R

ea
l E

R

5
10

15
20

202
x 

10
3

In
te

re
st

 ra
te

5
10

15
20

42024
x 

10
3

N
om

in
al

 E
R

op
tim

pe
g

di
t

cp
it

51



F
ig
ur
e
8:
Im
pu
ls
e
R
es
po
ns
e
to
a
M
ar
k-
U
p
Sh
oc
k
in
th
e
N
on
-T
ra
de
d
Se
ct
or

5
10

15
20

420

x 
10

4 H
om

e 
in

fla
tio

n

5
10

15
20

20246

x 
10

4
N

T 
in

fla
tio

n

5
10

15
20

024
x 

10
4 D
om

es
tic

 in
fla

tio
n

5
10

15
20

505
x 

10
4

C
P

I i
nf

la
tio

n

5
10

15
20

420

x 
10

3
H

om
e 

ou
tp

ut

5
10

15
20

210
x 

10
3

N
T 

ou
tp

ut

5
10

15
20

2
0

1
00

x 
10

4 To
ta

l o
ut

pu
t g

ap

5
10

15
20

2
0

1
00

x 
10

4
C

on
su

m
pt

io
n

5
10

15
20

012

x 
10

3
R

el
at

.p
ric

e 
of

 N
T 

go
od

s

5
10

15
20

420

x 
10

3
R

ea
l E

R

5
10

15
20

420
x 

10
3

N
om

in
al

 E
R

5
10

15
20

5051015
x 

10
4

In
te

re
st

 ra
te

op
tim

pe
g

di
t

cp
it

52



F
ig
ur
e
9:
Im
pu
ls
e
R
es
po
ns
e
to
a
F
is
ca
l
Sh
oc
k
in
th
e
T
ra
de
d
Se
ct
or

5
10

15
20

024
x 

10
4 H

om
e 

in
fla

tio
n

5
10

15
20

1
5

1
0505

x 
10

5
N

T 
in

fla
tio

n

5
10

15
20

01020
x 

10
5 D
om

es
tic

 in
fla

tio
n

5
10

15
20

505
x 

10
4

C
P

I i
nf

la
tio

n

5
10

15
20

50510

x 
10

3
H

om
e 

ou
tp

ut

5
10

15
20

505

x 
10

4
N

T 
ou

tp
ut

5
10

15
20

20246

x 
10

3 To
ta

l o
ut

pu
t g

ap

5
10

15
20

4202

x 
10

4
C

on
su

m
pt

io
n

5
10

15
20

505

x 
10

4
R

el
at

.p
ric

e 
of

 N
T 

go
od

s

5
10

15
20

2101

x 
10

3
R

ea
l E

R

5
10

15
20

202
x 

10
3

N
om

in
al

 E
R

5
10

15
20

1
5

1
0505

x 
10

4
In

te
re

st
 ra

te

op
tim

pe
g

di
t

cp
it

53



F
ig
ur
e
10
:
Im
pu
ls
e
R
es
po
ns
e
to
a
F
is
ca
l
Sh
oc
k
in
th
e
N
on
-T
ra
de
d
Se
ct
or

5
10

15
20

2101
x 

10
4 H

om
e 

in
fla

tio
n

5
10

15
20

024
x 

10
4

N
T 

in
fla

tio
n

5
10

15
20

101

x 
10

4 D
om

es
tic

 in
fla

tio
n

5
10

15
20

864202
x 

10
4

C
P

I i
nf

la
tio

n

5
10

15
20

420

x 
10

3
H

om
e 

ou
tp

ut

5
10

15
20

0510
x 

10
3

N
T 

ou
tp

ut

5
10

15
20

50510
x 

10
4 To

ta
l o

ut
pu

t g
ap

5
10

15
20

1
050

x 
10

4
C

on
su

m
pt

io
n

5
10

15
20

0

0.
51

1.
5

x 
10

3
R

el
at

.p
ric

e 
of

 N
T 

go
od

s

5
10

15
20

3210

x 
10

3
R

ea
l E

R

5
10

15
20

420
x 

10
3

N
om

in
al

 E
R

5
10

15
20

0510
x 

10
4

In
te

re
st

 ra
te

op
tim

pe
g

di
t

cp
it

54



Figure 11: Welfare losses under alternative policies in the open economy
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Figure 12: Welfare losses under alternative policies in the closed economy
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Figure 13: Welfare gains from targeting alternative in�ation indices: price stickiness and open-
ness
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Figure 14: Welfare gains from targeting alternative in�ation indices: elasticities of substitution
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