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Abstract

In this paper a Dynamic Stochastic General Equilibrium (DSGE) model
is described for the closed and open economy case with incomplete exchange
pass-through in the so-called "New Keynesian" framework following Christiano,
Eichenbaum and Evans (2005) and Adolfson, Laseén, Lindé and Villani (2007),
respectively. The main focus of this paper are the di¤erences and similarities
between US and EU monetary policies. A less important focus is attributed to
the implications of open and closed economy models in monetary policy analysis.
The models are solved and log-linearized and �nally calibrated based on Smets
and Wouters (2004a, 2004b and 2007). We found that monetary transmission
mechanism has similar for US and EU in both models.
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1 Introduction

In this paper a Dynamic Stochastic General Equilibrium (DSGE) model is de-
scribed for the closed and open economy case in the so-called "New Keynesian"
framework. The closed economy model is based on the work of Christiano,
Eichenbaum and Evans (2005) whereas the open economy model is based on
the work of Adolfson, Laseén, Lindé and Villani (2007). Both papers allow for
nominal and real rigidities, such as price and wage stickiness, variable capital
utilization, capital adjustment costs and habit formation as common features.
Following Adolfson, Laseén, Lindé and Villani (2007), incomplete exchange rate
pass-through is introduced in order to capture the di¤erences in monetary policy
implementation in open and closed economy models. Furthermore, consump-
tion, labor income and capital income taxes are incorporated for both models
and accordingly, �scal policy is rule is introduced following Trabandt and Uhlig
(2006).

The main focus of this paper are the di¤erences and similarities between
US and EU monetary policies. A less important focus is attributed to the
implications of open and closed economy models in monetary policy analysis.
This paper can be di¤erentiated from that of Adolfson, Laseén, Lindé and Villani
(2007), as within this paper the open economy model for both the EU and US
are modelled together allowing for interactions and subsequently putting forward
further challenges. Both models are not estimated but instead calibrated based
on Smets and Wouters (2004a, 2004b and 2007) estimations. In the absence of
benchmark large-open economy models incorporating US and EU economies in
the same model, calibration also puts forward further challenges. Both models
have similar e¤ects on monetary transmission mechanism. However, due to the
arising miscalculations, the models presented here fails to generate standard
impulse response functions for some particular shocks. Therefore, the next step,
following this paper will be �xing the calculation problems and using Bayesian
techniques for the estimation procedure.

The paper is organised as follows. In Section 2, a brief introduction is given
about the New Keynesian principles and the evolution of such models. The
open and closed economy models are described in Section 3. Further, in Section
4 the steady state de�nitions along with the model solution is presented. This
is followed by calibration of the model. Calibration is based on Smets and
Wouters (2004a, 2004b and 2007). The model is evaluated in Section 5 by
analyzing impulse response functions. Finally, concluding remarks are made in
Section 6.
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2 Theory and Related Literature

For at least past two decades there is a growing interest in the so-called "New
Keynesian" synthesis in analyzing monetary policies. The New Keynesian syn-
thesis came into popular usage in the 1980�s.1 Earlier in the pre-Keynes world
competitive markets and perfect �exibility of prices and wages were assumed.
Keynes�s argument was the existence of rigidity in prices and wages. One of
the reasons for the prevailence of involuntary, prolonged unemployment was at-
tributed to this stickiness in wages which causes market imperfections. Later
on from 1950�s until mid-1970�s neoclassical synthesis, which is based on utility
based maximisation of households and �rms, was the dominant framework. The
essence of neoclassical synthesis was "Walrasian" equilibrium (i.e. perfectly �ex-
ible prices and wages and competitive markets) in the long-run and treatment
of wages and prices as given in the short-run. Along with this short-run rigid-
ity in prices and wages, the expectations were also assumed to be �xed in the
short-run or subject to ad-hoc adjustment as under the adaptive expectations
hypothesis.

Further, 1970�s witnessed the rise of rational expectations or New Classical
approach, originally proposed by Muth (1961) and later developed by Lucas
(1976). New Classicals assumed perfect �exibility for prices and wages, whereas
information available to economic agents was treated as imperfect. This im-
plies that agents could use the information they had optimally but still markets
could deviate from the full information equilibrium. Lucas (1976) argued that
the parameters of traditional macroeconometric models depended implicitly on
agents� expectations of the policy process and were unlikely to remain stable
as policymakers changed their behaviour. As Rudebusch (2002) states, this cri-
tique was in�uential in two respects. First, it helped re-orient macroeconomic
research toward models with explicit expectations and "deep" parameters of
taste and technology. These models, which were to be invariant to policy shifts,
included estimated �rst-order conditions or Euler equations, calibrated gen-
eral equilibrium models with explicit optimization. Second, the Lucas critique
helped change the focus of policy evaluation from consideration of alternative
paths of the policy instrument to consideration of alternative policy rules, which
allowed individual agents to formulate forward-looking dynamic optimization
problems.

New Keynesian economics adopted the rational expectations approach as
well as nominal rigidities in prices and wages. Di¤erences between the New
Classicals and New Keynesians exist more in terms of modeling the supply-side
and less in modeling the demand-side. (Gordon, 1990). Additionally, Romer
(1993), Greenwald and Stiglitz (1993), Taylor (1997) give insights into under-
standing the basic principles of New Keynesian perspective.

1Goodfriend and Woodford (1997) give an insight into the evolution of monetary policy
analysis along with the evolution of economic thoughts starting from neoclassical synthesis.
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� In the long run growth path of output is determined by the supply-side.

� In the long run there is no tradeo¤ between in�ation and unemployment,
i.e. monetary neutrality in the long run.

� In the short run there is a tradeo¤ between in�ation and unemployment
as described by the Phillips curve. Given the price/wage stickiness, short
run �uctuations are caused by changes in aggregate demand.

� Policy measures are a¤ected by the expectations of private agents. Equi-
librium, which does not imply cleared markets, is possible when these
expectations are ful�lled.

These principles innately constitutes the Taylor (1993) rule which is the
essence of the New Keynesian monetary policy analysis framework. Taylor rule
speci�es that the central bank sets its instrument, which is the short term in-
terest rate, in order to react to two key variables: the deviations in�ation from
a target and the deviations of real output from its potential level or from its
steady state. Therefore, by focusing on policy responses to these key variables,
the Taylor rule implicitly captures policy responses to economic factors that
a¤ect the evolution of these key variables. Further, Dynamic Stochastic Gen-
eral Equilibrium (DSGE) models provided the necessary tools for the study of
the optimal conduct of monetary policy, design and implementation of simple
interest rate rules (Monacelli, 2003).

In this matter, sticky price closed economy model of Rotemberg and Wood-
ford (1997) became the workhorse for monetary policy analysis. Smets and
Wouters (2003), on the other hand, showing that Bayesian methods can be
applied succesfully to closed economy analysis, provided a new perspective on
the subject. And more recently the research was extended into open economy
analysis, i.e., New Open Economy Macroeconomics (NOEM) analysis. Mon-
etary policy analysis in the early NOEM literature was assuming complete
exchange rate pass-through. However, Gali and Monacelli (2002) show that
optimal monetary policy is identical in open and closed economy analysis when
there is complete exchange rate pass-through to domestic prices. Accordingly,
Lubik and Schorfheide (2005) develops a small open economy model with two
countries, namely US and EU. They introduce endogenous deviations from pur-
chasing power parity (PPP) via monopolistic price-setting importers that lead
to imperfect pass-through. Adolfson, Laseén, Lindé and Villani (2007) provides
a large-scale open economy model for EU, also assuming incomplete exchange
rate pass-through both in import and export sector. The estimated model have
a monetary transmission mechanism well in line with the common literature.
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3 The Model

In this section the closed and the open economy models for the EU and the US
economy are derived from the optimizing behaviour of households and �rms.
Closed economy model is a standard New Keynesian DSGE model with a �scal
policy incorporating sticky wages and prices, adjustment costs in investment,
habit persistence in preferences and variable capital utilization. Fiscal policy
is introduced following Trabandt and Uhlig (2006). Further, open economy
model builds on the structure of Adolfson, Laseén, Lindé and Villani (2007) with
extending the foreign economy framework. In this paper, both economies are
modelled with symmetric preferences and technologies allowing for di¤erences
in price-setting, policies and exogenous shocks rather than being modelled as
exogenous shocks.

Households maximize a utility function consisting of consumption and leisure
in both models. The real cash balances is absent from the utility function, in line
with the practice in modern New Keynesian literature. Woodford (2003) justi�es
the reason conceptually on the grounds of a bookkeeping cashless economy.
Note also that in the open economy model, consumption and investment is
composed of domestic and import goods which are supplied by the domestic
and importing �rms, respectively. Further, the households can save in domestic
bonds and/or foreign bonds depending on the model, i.e., open versus closed.
Accordingly, this decision of the households results in the uncovered interest
rate parity condition in open economy analysis. In both models, the households
rent capital to the intermediate goods producers. In turn, given the costs to
adjusting the investment rate and the costs of varying utilization rate of the
physical capital stock, they decide on how much to invest in physical capital
stock. Further, each household sets his wage in Calvo(1983) setting. This is
in line with the assumption that each household is a monopoly supplier of a
di¤erentiated labor service.

Firms in the both economy models, i.e, intermediate goods �rms (only �rm
in the closed economy model), exporting �rms and importing �rms, produce
a di¤erentiated good and therefore, operate in a monopolistically competitive
environment. They set their respective prices according to a Calvo setting,
i.e., only a certain fraction of �rms can reoptimize their prices in each period.
Moreover, while di¤erentiated intermediate goods are aggregated by a �nal good
producer in the Home economy, importing �rms buy the homogenous good in
the Foreign economy and after di¤erentiating it by brand-naming sells it to a
�nal import good producer to be aggregated. On the other hand, exporting
�rms buy the homogenous good from the �nal good producer, di¤erentiates it
by brand-naming and sells it (by local currency pricing) to the importing �rms
operating in the Foreign economy.

Assuming price stickiness in the short run implies that exchange rate pass-
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through is not complete in the short run.2 Inherently, deviations from PPP are
assumed to exist in the short run, but not in the long run. However, monopolistic
importers charge a constant mark-up to consumers causing a l.o.p. gap even
after adjusting for exchange rate movements.

Below, the closed and the open economy models will be presented along
with each other. Since symmetric preferences and technologies are assumed for
both economies, describing the model for the EU ( as Home economy in open
economy analysis) will su¢ ce. In this respect, variables with a "�" denotes the
US economy variables. Note also that economic agents in both economies make
identical decisions, i.e. in equilibrium individual decisions coincide with the
aggregate decision.

3.1 Households

There is a continuum of households, indexed by j 2 [0; 1], optimize

Ej0

1X
t=0

�t
�
dct log(Cjt �Hjt)� dhtAL

(hjt)
1+�l

1 + �l

�
(1)

where Cjt and hjt denote the jth household�s consumption and labor e¤ort
levels, respectively. Consumption smoothing behaviour of the households are
captured by including a habit formation, Ht = hCt�1 where h captures the level
of habit persistence. � is the discount factor and two structural shocks dct and d

h
t

are persistent preference shocks to consumption and labor supply, respectively.
Both of the shocks follow a �rst order autoregressive process, AR(1), given by:

dct = �cd
c
t�1 + "dc;t and "dc;t � N(0; 1) ;

dht = �hd
h
t�1 + "dh;t and "dh;t � N(0; 1)

For the open economy analysis, aggregate consumption is assumed to con-
sist of domestically produced goods and import goods given by the following
technology

Ct =

�
(1� wc)

1
�c

�
Cdt
� �c�1

�c + wc (C
m
t )

�c�1
�c

� �c
�c�1

(2)

where Cdt and C
m
t are consumption of the domestic and imported good re-

spectively. wc is the share of imports in consumption and �c is the elasticity of

2See, for example, Devereux and Engle (2002), Corsetti and Pesenti (2002) and Lubik
(2006)
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substitution between consumption goods. The total expenditure on consump-
tion is the sum of domestic and import good purchases.

P ct Ct = PtC
d
t + P

m
t C

m
t

where P ct , Pt and P
m
t denotes consumer price index (CPI), domestic pro-

ducer prices and import prices, respectively. Maximizing the above budget
constraint subject to equation (2), demand functions for domestic and import
goods can be derived.

Cdt = (1� wc)
�
Pt
P ct

���c
Ct; (3)

Cmt = wc

�
Pmt
P ct

���c
Ct (4)

Plugging (3) and (4) into the budget constraint, CPI can be obtained

P ct =
h
(1� wc)P 1��ct + wc (P

m
t )

1��c
i 1
1��c (5)

The j-th household�s budget constraint is:

(1+� ct)Cjt+Ijt+a(ujt) �Kjt+
etB

�
jt

Pt
+
Bjt
Pt
+�kt

�
(Rt�1 � 1)Bjt�1 + (R�t�1 � 1)etB�jt�1

�
Pt

= (1� �yt )wjthjt + (1� �kt )rkt ujt �Kjt +
etR

�
t�1B

�
jt�1

Pt
+
Rt�1Bjt�1

Pt
+ TRt +Djt

(6)

where wjt is the real wage, rkt is the real rental price of capital, ujt is the
varying capital utilization rate, a(ujt) is the physical cost of ujt in resource
terms, TRt is a lump-sum transfer from the government and Dt is the pro�t
of the �rms in the economy. All interest rates are expressed in gross rates,
i.e. Rt = 1 + rt and R�t = 1 + r�t : The households invest either in government
bonds Bt or foreign bonds B�t at time t. Note that in closed economy analysis
B�t = 0. �kt ; �

c
t ; and �yt denotes taxes on capital income, consumption and

labour income, respectively. Moreover, households pay �ytwjthjt amount of labor
income tax, �kt r

k
t ujt

�Kjt amount of capital income tax on e¢ ciently used capital,
� ctCjt amount of consumption tax and �kt

�
(Rt � 1)Bjt�1 + (R�t � 1)etB�jt�1

�
amount of capital income tax on domestic and foreign bonds. Finally, et is the
nominal exchange rate (domestic currency per unit of foreign currency).

The households can increase their capital stock by investing in additional
physical capital, waiting one period to come in action, or by directly increasing
the utilization rate of capital, ut. However, the latter is delivered facing a
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cost function, a (ut) with a (1) = 0, �u = 1. As seen in the budget constraint
equation (6), adjustment costs of varying utilization rate of capital are paid by
the households. Further, following Altig et al (2004), the household�s stock of
physical capital evolves according to

�Kjt = (1� �) �Kjt�1 + F (Ijt; Ijt�1) (7)

where � denotes the physical rate of depreciation and Ijt denotes time t
investment goods. The function F (:) is the technology used to transform current
and past investment into installed capital for use in the following period. F (:)
is given by

F (Ijt; Ijt�1) =

�
1� ~S

�
Ijt
Ijt�1

��
Ijt

Furthermore, function S(:) is assumed to be increasing, convex and satis�es:
S = S0 = 0 and S00 > 0 in steady state. The steady state of the model does not
depend on the value of S00, however, the dynamics do.3

In a similar way as in consumption, total investment is assumed to con-
sist of domestically produced goods and import goods given by the following
technology

It =

�
(1� wi)

1
�i

�
Idt
� �i�1

�i + wi (I
m
t )

�i�1
�i

� �i
�i�1

(8)

where wi is the share of imports in investment and �i is the elasticity of
substitution across investment goods. Also as in the consumption goods case,
the demand for domestic and import investment goods are as follows4

Idt = (1� wi)
�
Pt
P ct

���i
It; (9)

Imt = wi

�
Pmt
P ct

���i
It (10)

Note that for simplicity same prices are assumed for investment and con-
sumption goods.

3For an explicit de�nition of investment and utilization adjustment costs, see Christiano,
Motto and Rostagno (2007).

4 In contrast to Adolfson, Laseén, Lindé and Villani (2007) the total expenditure on invest-
ment, assuming same price levels for investment as for consumption goods, is given by

P ct It = PtI
d
t + P

m
t I

m
t
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By using (1), (6) and (7), households solve the Lagrangian problem. The �rst
order conditions with respect to Cjt, Bjt, B�jt; ujt, Kjt and Ijt are as follows:

�t =
dct (Ct �Ht)

�1

(1 + � ct)
(11)

1 = �Et

"
�t+1
�t

�
Rt � (Rt � 1)�kt+1

�
�t+1

#
(12)

1 = �Et

"
�t+1
�t

�
R�t � (R�t � 1)�kt+1

�
�t+1

et+1
et

#
(13)

rkt =
a0(ujt)

(1� �kt )
(14)

Qt = �Et

�
�t+1
�t

(Qt+1(1� �) + (1� �kt+1)rkt+1ut+1 � a(ut+1))
�

(15)

1 = Qt

�
1� ~S

�
It
It�1

�
� ~S0

�
It
It�1

�
It
It�1

�
+�Et

"
�t+1
�t

Qt+1 ~S
0
�
It+1
It

��
It+1
It

�2#
(16)

where, Qt = �t
�t
and �t+1 =

Pt+1
Pt

:Note that the �rst order conditions does
not depend on j, since households�aggregate decisions are assumed to coincide
in equilibrium. Combining the two �rst order conditions with respect to Bjt
and B�jt, the uncovered interest rate parity along with the log-linear version can
be obtained

Rt �R�tEt
et+1
et

=
�kt+1

1� �kt+1

�
Et
et+1
et

� 1
�
;

R̂t � R̂�t =
1

1� ���kEt�êt+1 (17)

This interest rate parity condition is slightly di¤erent from the standard
case without taxes. Note that 1

1����k > 1 due to the introduction of taxes. The
tax on capital income causes the households to require an extra interest rate
premium on their domestic bond holdings. The reason is that there is no tax
paid on expected exchange rate pro�ts. Consequently, when the exchange rate
is expected to depreciate, the households anticipate larger gains from holding
foreign bonds compared to holding domestic bonds since the e¤ective tax rate
di¤ers between these positions. For the expected earnings on the domestic and
foreign bond holdings to be equivalent, the domestic-foreign interest rate di¤er-
ential must then be larger than one when the capital tax is positive (Adolfson,
Laseén, Lindé and Villani, 2007).
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Wage decision of the households is more involved. Households supply di¤er-
ent types of labour allowing them to have monopolistic power over individual
wages. Labor supplied by the households are transformed into aggregate labor
by the given technology:

Lt =

�Z 1

0

h
1
�
jtdj

��
(18)

where Lt denotes the aggregate labor and � controls the elasticity of subti-
tution among di¤erent types of labor. Labor aggregator maximizes his pro�ts
subject to (18) taking as given all di¤rentiated labor wages wjt and the wage
wt. Consequently, his maximisation problem is:

max
hjt

wtLt �
Z 1

o

wjthjtdj

From his maximisation problem, demand for j-th household�s labor can be
derived:

hjt =

�
wjt
wt

� �
1��

Lt (19)

Zero pro�t condition for labor aggregator�s maximisation problem delivers
the aggregate wage rate which depends on the individual wage rate:

wt =

�Z 1

0

w
1

1��
jt dj

�1��
(20)

Households set their wages following a Calvo�s setting. In each period, a
fraction (1� �w) of households reoptimise their wages. All other households
can only partially set their wages by past CPI in�ation. Indexation is controlled
by the parameter �w 2 [0; 1]. When �w = 0 there is no indexation and when
�w = 1 there is total indexation. This implies that if the household cannot
reoptimize its wage for s periods, his normalised wage after s periods is

sY
h=1

�
�cwt+h�1

��w wjt
Therefore, the relevant part of the Lagrangian for the j-th household is:

max
~wt

Et

1X
s=0

(��w)
s

"
�dhtAL

h1+�ljt+s

1 + �l
+ �t+s

�
1� �yt+s

� sY
h=1

�
�cwt+h�1

��w ~wthjt+s#
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subject to

hjt+s =

 
sY

h=1

�
�cwt+h�1

��w ~wt
wt+s

!��
Lt+s

Note that optimized wage, ~wt; does not depend on j, since it is assumed that
households who can optimize their wages, choose the same wage rate. Following
is the �rst order condtion to the above problem:

~wt =

�
�

�� 1

�
Et
P1

s=0 (��w)
s �
dhtALh

1+�l
jt+s

	
Et
P1

s=0 (��w)
s

�
�t+s

�
1� �yt+s

� sQ
h=1

�
�cwt+h�1

��w hjt+s� (21)

Finally, given equation (20) and indexation, the law of motion of the real
wage rate can be de�ned as:

w1��t = �w
�
wt�1�

cw
t�1
�1��

+ (1� �w) ( ~wt)1�� (22)

3.2 Intermediate Goods Firms

There is a continuum of intermediate goods �rms indexed by i 2 [0; 1]; each
producing yit units of goods to be used by the �nal good �rm to produce Yt at
period t. Final good production is given by the following technology:

Yt =

�Z 1

0

y
��1
�

0t di

� �
��1

(23)

where � is the elasticity of substitution. Final good �rms are perfectly com-
petitive and maximize pro�ts subject to the production function (23), taking as
given all intermediate goods prices pit and the �nal good price pt. Consequently,
their maximization problem is:

max
yitn

ptYt �
Z 1

0

pityitdi

From the above maximization problem, demand for i-th intermediate goods
�rm�s output can be derived:

yit =

�
pit
pt

���
Yt (24)
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where Yt is the aggregate demand and the zero pro�t condition delivers the
aggregate price level:

pt =

�Z 1

0

p1��it di

� 1
1��

(25)

Each intermediate good i is produced by the following Cobb-Douglas pro-
duction function:

yit = AtK
�
itL

1��
it � � (26)

where � denotes the �xed cost of production and it is set to deliver zero
pro�t in steady state. Lit is the labor demanded to produce the intermediate
good i and K0t is the capital services stock rather than physical capital stock
�Kt�1, since variable capital utilization is introduced in the model. At is the
total factor productivity shock which follows a AR(1) process, given by

At = �AAt�1 + "A;t and "A;t � N(0; 1)

Intermediate goods producers face a two-stage problem. In the �rst stage,
given factor prices wt and rkt , �rms rent Lit and Kit in order to minimize the
real cost:

min
Lit,Kit

wtLit + r
k
tKit

subject to

yit =

�
AtK

�
itL

1��
it � � if AtK�

itL
1��
it > �

0 otherwise

�

The �rst order conditions for this problem are:

wt = (1� �)AtK�
itL

��
0it or wt = (1� �)

(yit + �)

Lit

rkt = �AtK
��1
it L1��0it or rkt = �

(yit + �)

Kit

Furthermore, total cost is given by:

TC = wtLit + r
k
tK0t =

�
1

1� �

�
wtL0t

whereKit =
�
1��

wtLit
rkt

: Given that the �rms has constant returns to scale, by
setting the level of labor and capital to produce one unit of good, real marginal
cost, mct can be derived as:
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mct =

�
1

1� �

�1���
1

�

��
w1��t (rkt )

�

At

Note that the real marginal cost does not depend on i: all �rms receive the
same technology shock and all �rms rent inputs at the same price.

In the second stage, intermediate good producers choose the price that max-
imizes discounted real pro�ts in a Calvo�s setting. In each period, a fraction
(1� �p) of �rms can reoptimize their prices. All other �rms can only index
their prices by past in�ation

�
pit = �

�p
t�1pit�1

�
. Indexation is controlled by the

parameter �p 2 [0; 1] where �p = 0 implies no indexation and �p = 1 implies
total indexation. It is assumed that all �rms that can reoptimize their prices,
choose the same price ~pt:Maximization of the �rm i is as follows:

max
~pt

Et

1X
s=0

(��p)
s
�t+s

"
yit+s

 
sY

h=1

�
�p
t+h�1

~pt
pt+s

�mct+s

!#

subject to

yit+s =

 
sY

h=1

�
�p
t+h�1

~pt
pt+s

!��
Yt+s

and the �rst order condition to above problem is:

~pt =

�
�

� � 1

�
Et
P1

s=0 (��p)
s
�t+spt+smct+syit+s

Et
P1

s=0 (��p)
s
�t+s

sQ
h=1

�
�p
t+h�1yit+s

(27)

Furthermore, given equation (25) and indexation, the law of motion of price
level can be de�ned as:

p1��t = �p

�
�
�p
t�1pt�1

�1��
+ (1� �p) (~pt)1�� (28)

Log-linearizing the equations (27) and (28), the New Keynesian Phillips
curve can be derived:

�̂t =
�

1 + ��p
Et�̂t+1 +

�p
1 + ��p

�̂t�1 +
(1� �p) (1� ��p)
�p
�
1 + ��p

� mĉt

where "hat" variables denote percentage deviations from their steady states.
Note also that if �p = 0, above equation boils down to a standard New Keynesian
Phillips curve with no backward-looking feature.
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3.3 Importing Firms

There is a continuum of importing �rms that purchase a homogenous good at
world market prices P �it which are set by their respective producers in their
own currency. These foreign goods are di¤erentiated ( i.e brand naming) by
importing �rms and then aggregated by a �nal import good producer. Finally,
these import goods are sold to the households as consumption and investment
goods. As mentioned above, deviations from purchasing power parity (PPP)
are assumed to exist in the short run due to the existence of monopolistically
competitive importers.

The �nal import good is a composite of i di¤erentiated imported goods,
supplied by importing �rm i, and its production is given by the technology:

Mt =

�Z 1

0

M
�m�1
�m

it di

� �m
�m�1

where Mt = Cmt + Imt . Similar to the �nal good producer, from the max-
imization problem of the �nal import good producer, it can be shown that
each importing �rm i, faces the demand for imported consumption goods and
imported investment goods which are given by

Cit =

�
Pmit
Pmt

���m
Cmt (29)

Iit =

�
Pmit
Pmt

���m
Imt (30)

The importing �rms choose the price that maximizes discounted real prof-
its in a Calvo�s setting. In each period, a fraction (1� �m) of �rms can re-
optimize their prices. All other �rms can only index their prices by past in-
�ation

�
pmit =

�
�mt�1

��m pmit�1�. Indexation for non-optimized import prices is
controlled by the parameter �m 2 [0; 1] where �m = 0 implies no indexation
and �m = 1 implies total indexation. It is assumed that all �rms that can reop-
timize their prices, choose the same price ~pmt :Marginal cost for �rm i is given by
mcmt = etP

�
t and law of one price (l.o.p.) gap is de�ned by  

m
t =

P�
t et
Pm
t
. If PPP

holds, then  mt = 1. However, imported goods are subject to price discrimina-
tion as monopolistic importers charge a mark-up to consumers at the border.
This implies that the same good can have di¤erent prices depending on where
it is sold even after adjusting for exchange rate movements (Lubik, 2006).

Maximization problem of the �rm i is as follows:

max
~pmt

Et

1X
s=0

(��m)
s
�t+s

"
Mit+s

 
sY

h=1

�
�mt+h�1

��m ~pmt
pmt+s

�  mt+s

!#
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subject to

Mit+s =

 
sY

h=1

�
�m
t+h�1

~pmt
pmt+s

!��m
Mt+s

Similar to domestic intermediate good producers, �rst order condition to
above maximization problem and the law of motion for import prices (pmt )

1��m =

�m
��
�mt�1

��m pmt�1�1��m + (1� �m) (~pmt )1��m results in the Phillips-curve rela-
tionship between import-price in�ation and the l.o.p. gap for import goods.

�̂mt =
�

1 + ��m
Et�̂

m
t+1 +

�m
1 + ��m

�̂mt�1 +
(1� �m) (1� ��m)
�m (1 + ��m)

 ̂
m

t

Further, in order to �nd the steady state to be used in the log-linearization
procedure, �exible price equilibrium can be de�ned in the following way. In a
�exible price environment the maximization problem of the importing �rms is
given by

max
�Pm
it

�
�Pmit � etP �t

�
(Cmit + I

m
it )

subject to the demand equations (29) and (30) and �Pmit denotes the optimal
�exible price of �rm i. First order conditions, after rearranging and dropping
the subscript i (since all �rms make identical decisions), yield

�Pmit =
�m

�m � 1
etP

�
t (31)

Note also that as �m !1, implying a horizontal demand curve for imported
goods, the markup over the world market price P �t goes to zero. Due to nominal
rigidities in the import sector incomplete exchange rate pass-through occurs. 5

3.4 Exporting Firms

Similar to import sector, there is a continuum of exporting �rms, which purchase
the homogenous good at Pt from the �nal good producer and di¤erentiate it
by brand naming. The di¤erentiated good is then sold at P xit (local currency
pricing) in the foreign market as consumption and investment goods. So the
marginal cost of exporting �rms is mcxt = Pt=et. Deviations from l.o.p. is also
assumed for the export goods and accordingly l.o.p. gap is de�ned by  xt =

Pt
Px
t et
.

The exporting �rm i faces the following demand for its product Xit

Xit =

�
P xit
P xt

���x
Xt

5Note also that in contrast to Adolfson et al (2007), the steady state markup for imported
consumption and investment goods are assumed to be identical.
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whereXt = Cxt +I
x
t and P

x
t is the aggregate export price level. The exporting

�rms choose the price that maximizes discounted real pro�ts in a Calvo�s setting.
In each period, a fraction (1� �x) of �rms can reoptimize their prices. All
other �rms can only index their prices by past in�ation

�
pxit =

�
�xt�1

��x pxit�1�.
Indexation for non-optimized import prices is controlled by the parameter �x 2
[0; 1] where �x = 0 implies no indexation and �x = 1 implies total indexation. It
is assumed that all �rms that can reoptimize their prices, choose the same price
~pxt : The export �rms maximize pro�ts (denoted in local currency) according to
the following maximization problem

max
~pxt

Et

1X
s=0

(��x)
s
�t+s

"
Xit+s

 
sY

h=1

�
�xt+h�1

��x ~pxt
pxt+s

�  xt+s

!#

subject to

Xit+s =

 
sY

h=1

�
�xt+h�1

��x ~pxt
pxt+s

!��x
Xt+s

Combining log-linearized �rst order condition of the above maximization
problem with the log-linearized version of the law of motion for the export
prices (pxt )

1��x = �x
��
�xt�1

��x pxt�1�1��x+(1� �x) (~pxt )1��x , the Phillips-curve
relationship between export-price in�ation and the l.o.p. gap for export goods
can be derived.

�̂xt =
�

1 + ��x
Et�̂

x
t+1 +

�x
1 + ��x

�̂xt�1 +
(1� �x) (1� ��x)
�x (1 + ��x)

 ̂
x

t

Furthermore, given the similar setting for foreign aggregate consumption,
foreign demand for the home exports is given by

Cm
�

t + Im
�

t = Cxt + I
x
t =

�
P xt
P �t

��n�c
(C�t + I

�
t ) (32)

where C�t and I
�
t are foreign consumption and investment, respectively and

P �t denotes foreign price level. Note that equation (32) allows for short run
deviations from the l.o.p. which occur because of the price stickiness.

3.5 More Open Economy Aspects

In this section various relative prices, which enter the model, will be discussed.
Relative prices between domestic goods and imported goods is given by

m;dt =
Pmt
Pt

(33)
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There is also the relative price between home exports and the foreign goods

x;�t =
P xt
P �t

(34)

where PF;�t is the world-market price of imports. Deviations from the l.o.p.
for the export goods and import goods are given by

 xt =
Pt
P xt et

; (35)

 mt =
P �t et
Pmt

(36)

Combining (34) and (35) another relative price which is used by the export-
ing and importing �rms can be obtained

ft =
Pt
P �t et

=  xt 
x;�
t (37)

Note that l.o.p. gap for import goods can be written as

 mt =
P �t et
Pmt

=
1

ft 
m;d
t

=
1

 xt 
x;�
t m;dt

Finally, the producer price and import price relative to CPI is as follows

c;dt =
P ct
Pt

(38)

c;mt =
P ct
Pmt

(39)

3.6 The Government

The government budget constraint is given by

Gt + TRt +Rt�1Bt�1 = Bt + Tt (40)
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where Tt denotes tax revenues and it is as follows

Tt = � ctCt + �
k
t

�
(Rt�1 � 1)Bt�1 +

�
R�t�1 � 1

�
etB

�
t�1
�
+ �ytwtLt + �

k
t r
k
t ut �Kt�1

(41)

The three tax rates, namely labor income, capital income and consumption
tax, and lump-sum transfers, TRt are treated as shocks and follow an AR(1)
process. Following Trabandt and Uhlig (2006) government debt is assumed not
to deviate from its balanced growth path, i.e. Bt�1 =  t �B, 8t > 0 and therefore
government budget constraint can be written as

Gt =  t �B( �Rt�1) + Tt � TRt

where  is set equal to 1.0075 which is consistent with the annual growth of
real GDP in both economies of roughly 3 percent.

3.7 The Central Bank

Adjusting the Taylor (1993) rule, monetary policy authority is assumed to adjust
the short run interest rate in response to deviations in CPI in�ation from the
in�ation target (�tart ), deviations in output from its steady state value and .
Additionally, in open economy analysis, monetary policy rule is also assumed to
be a function of real exchange rate. Accordingly, monetary policy rule is given
by

R̂t = �RR̂t�1 + (1� �R)(�̂tart + �r(�̂
c
t � �̂tart ) + �y ŷt + �xx̂t) + "Rt (42)

which is a generalized backward-looking Taylor rule6 . R̂t is the short run
interest rate, �̂ct is the CPI in�ation, ŷt is the output deviation from its steady
state and x̂t denotes real exchange rate, which is given by

x̂t = �êt + �̂
�
t � �̂ct + x̂t�1 (43)

The central bank responds to the log-linearized model-consistent measure of
the CPI in�ation which can be derived from the equation (5).

�̂ct =
�
(1� wc)

�
�d;c

�1��c� �̂t + �wc (�m;c)1��c� �̂mt (44)

where the steady state domestic goods prices and import goods prices relative
to steady state CPI are given by �d;c = �P

�P c and �m;c =
�Pm

�P c , respectively.
Further, �̂tart is a time-varying in�ation target of the central bank and "Rt is an
interest rate shock. The motion of the in�ation target is de�ned as an AR(1)
process.

�̂tart = ���̂
tar
t�1 + "�tart

6For a more detailed analysis on exchange rate e¤ects on monetary policy rule, see
Ball(1999) and Svensson(2000).
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3.8 Market Equilibrium

Final goods market equilibrium condition in closed economy is given by

Ct +Gt + It � AtK
�
t L

1��
t � �� a(ut) �Kt (45)

To clear the �nal goods market and foreign bond market in open economy
analysis, the following two constraints must hold in equilibrium:

~Ct + ~It +Gt + ~Xt � ~Mt � AtK
�
t L

1��
t � �� a(ut) �Kt (46)

etB
�
t = etR

�
tB

�
t�1 + etP

x
t (C

x
t + I

x
t )� etP

F;�
t (Cmt + I

m
t ) (47)

where

~Ct = Cdt + C
m
t

~It = Idt + I
m
t

~Mt = Cmt + I
m
t

~Xt = Cxt + I
x
t

Also, notice that �nal good market condition can be rearranged as

Cdt + I
d
t +Gt + C

x
t + I

x
t � AtK

�
itL

1��
it � �� a(ut) �Kt

By using the demand equations (3), (4), (9), (10) and (32), consumption,
investment, total imports and exports can be arranged,respectively, as

~Ct = Cdt + C
m
t =

 
(1� wc)

�
Pt
P ct

���c
+ wc

�
Pmt
P ct

���c!
Ct (48)

~It = Idt + I
m
t =

 
(1� wi)

�
Pt
P ct

���i
+ wi

�
Pmt
P ct

���i!
It (49)

~Mt = Cmt + I
m
t = wc

�
Pmt
P ct

���c
Ct + wi

�
Pmt
P ct

���i
It (50)

~Xt = Cxt + I
x
t =

�
P xt
P �t

��n�c
(C�t + I

�
t ) (51)

Dividing (47) by Pt and de�ning at =
etB

�
t

Pt
, the foreign bond market equi-

librium condition can be written as

at = at�1R
�
t

et
et�1

1

�t
+ ( xt )

�1(Cxt + I
x
t )� (

f
t )
�1(Cmt + I

m
t )

where  xt =
Pt
Px
t et

and ft =
Pt
P�
t et

=  xt 
x;�
t
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4 Solving the Model

In this section, �rst, steady state equations are given. Second, all the log-
linearized equations are presented. This is followed by model calibration and
calculation of the steady state values to get an insight into the equilibrium
conditions for both economies and models.

4.1 Steady State

In steady state, the economy is assumed to reach equilibrium. Dropping the
subscripts in the �rst order conditions for variables and in the market equilib-
rium equations, steady state values of interest, to be used in the analysis, can
be calculated.

Using the consumption Euler equation (12), steady state gross interest rate
is calculated as

�R =
1� ���k

�
�
1� ��k

�
where ��k is the average capital income tax rate. It is also clear to see in

steady state �R� = �R from equation (13) assuming �e = 1 . Further, using capital
Euler equation (15), steady state rental rate of capital can be obtained

�rk =
1� � (1� �)
�
�
1� ��k

�
Cost minimization of the �rms imply in the steady state

�w�L = (1� �)
�
�Y + �

�
(52)

and �rk = �

�
�Y + �

�
�K

(53)

which delivers
�K
�Y
=

��
�
1� ��k

�
1� � (1� �)

�
1 +

�
�Y

�
where �

�Y
is the share of �xed cost in total production. Assuming �S = 0,

capital accumulation constraint (7)in steady state yields

� �K = �I

which in turn gives

�I
�Y
= �

��
�
1� ��k

�
1� � (1� �)

�
1 +

�
�Y

�
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Now consider the Euler equation associated with the household�s capital
utilization decision. In steady state full capacity utilization is assumed, i.e.
�u = 1 and this implies

a0 (1) = �rk
�
1� ��k

�
=

1� � (1� �)
�

Market equilibrium conditions for the closed economy and open economy
implies in steady state

1 =
�C
�Y
+
�G
�Y
+
�I
�Y

(54)

1 =
~C
�Y
+
~I
�Y
+
�G
�Y
=
�Cd

�Y
+
�Id

�Y
+
�G
�Y
+
�Cx

�Y
+
�Ix

�Y

where steady state values ~C and ~I can be derived from equations (48) and
(49) and are given by

~C =
�
(1� wc)

�
�c;d

��c + wc (�c;m)�c� �C
~I =

�
(1� wi)

�
�c;d

��i + wi (�c;m)�i� �I
where �c;d = �P c

�P
and �c;m = �P c

�Pm are steady state relative prices.

Tax revenue of the government in steady state is given by

�T
�Y
= �� c

�C
�Y
+ ��k

�
�R� 1

� �B
�Y
+ ��y

�w�L
�Y
+ ��k

�rk �K
�Y

(55)

Using equations (52), (53) and (54) above equation (55) can written for the
closed economy case as

�T
�Y
= �� c(1�

�G
�Y
�
�I
�Y
) + ��k

�
�R� 1

� �B
�Y
+
�
��y (1� �) + ��k�

��
1 +

�
�Y

�
(56)

whereas in open economy case this di¤ers slightly

�T
�Y

= �� c(1�
�G
�Y
�
�
(1� wi)

�
�c;d

��i + wi (�c;m)�i� �I
�Y
) (57)

+��k
�
�R� 1

� �B
�Y
+
�
��y (1� �) + ��k�

��
1 +

�
�Y

�
Government budget constraint in steady state is as follows

�G
�Y
= ( � �R)

�B
�Y
+
�T
�Y
� TR

�Y
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Plugging equations (56) and (57) into the above equation, steady state values
for the government expenditure to output ratio for closed and open economy
can be calculated, respectively

�G
�Y
=

1

1 + �c

�
�� c
�
1�

�I
�Y

�
+
�
��y (1� �) + ��k�

��
1 +

�
�Y

�
+
�
��k
�
�R� 1

�
+ ( � �R)

� �B
�Y

�
�G
�Y
=

1

1 + �c

24 �� c
�
1�

�
(1� wi)

�
�c;d

��i + wi (�c;m)�i� �I
�Y

�
+
�
��y (1� �) + ��k�

� �
1 + �

�Y

�
+
�
��k
�
�R� 1

�
+ ( � �R)

� �B
�Y

35
Now consider the steady state values for relative prices. Equation (5), which

de�nes the CPI, can be written as

P ct
Pt
=

"
(1� wc) + wc

�
Pmt
Pt

�1��c# 1
1��c

(58)

P ct
Pmt

=

"
(1� wc)

�
Pt
Pmt

�1��c
+ wc

# 1
1��c

(59)

Combining (58), (59) and (31), evaluated in steady state gives

�P c

�P
=

"
(1� wc) + wc

�
�m

�m � 1
�e �P �

�P

�1��c# 1
1��c

(60)

�P c

�Pm
=

"
(1� wc)

�
�m � 1
�m

�P

�e �P �

�1��c
+ wc

# 1
1��c

(61)

where �e is the steady state exchange rate and is assumed to equal 1, i.e.,
�e = 1. Further, the producer price level equals the foreign price level in steady
state, i.e., �P = �PF;�. Therefore, equations (60) and (61) can be described as

�P c

�P
=

"
(1� wc) + wc

�
�m

�m � 1

�1��c# 1
1��c

�P c

�Pm
=

"
(1� wc)

�
�m � 1
�m

�1��c
+ wc

# 1
1��c

Note that if 0 < �c < 1 and 1 < �m < 1, �P c

�P
will be greater than 1 with

wc > 0. Accordingly, �P c

�Pm will be smaller than 1. Combining both equations
above gives

�Pm

�P
=

264 (1� wc) + wc
�

�m
�m�1

�1��c
(1� wc)

�
�m�1
�m

�1��c
+ wc

375
1

1��c

=
�m

�m � 1
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In addition to the above assumption �P = �PF;�, note also that the export
price equals the foreign price level in steady state, i.e., �P x = �PF;�. This implies
that there are no deviations from the l.o.p. in expor sector in steady state
equilibrium.

� 
x
=

�P
�P x�e

= 1

On the other hand, importing �rms charge a markup of their cost and there-
fore, exchange rate pass-through in domestic import prices is imperfect in steady
state.

� 
m

=
�P ��e
�Pm

=
1

� 
x
�x;��m;d

=
�P
�Pm

=
�m � 1
�m

Finally, steady state values for the remaining relative prices are as follows

�m;d =
�Pm

�P

�x;� =
�P x

�P �
= 1

�f =
�P

�e �P �
= 1

4.2 Log-linearized equations

For the dynamics, the equations of the model are log-linearized around their
steady steady values, i.e. zt = �zeẑt � �z(1 + ẑt) and the system is solved
following Uhlig (1999). All the model equations are given below.

After combining equations (11) and (12) and log-linearizing, the dynamics
for consumption can be obtained

Ĉt = Et

"
1

1+h Ĉt+1 +
h
1+h Ĉt�1 +

1�h
1+h

��c

1+��c (�̂
c
t+1 � �̂ ct) + 1�h

1+h (d̂
c
t � d̂ct+1)

+ 1�h
1+h �̂t+1 �

1�h
1+h (1� ���

k)Rt � 1�h
1+h (1� � �R)�̂

k
t+1

#
(62)
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In the absence of consumption and capital income taxes, above equation boils
down to the standard consumption equation with habit formation used in New
Keynesian models. Boldrin, Christiano and Fisher (2001) argue that the ability
of standard general equilibrium models to account for the equity premium and
other asset market statistics is considerably enhanced by the presence of habit
formation in preferences.

The investment equation is given by

Ît = Et

�
1

1 + �
Ît�1 +

�

1 + �
Ît+1 +

'

1 + �
Q̂t

�
(63)

where ' = 1
S00 is the elasticity of investment with respect to a one percent

temporary increase in the current price of installed capital. A more persistent
change in the price of capital implies a larger percentage change in investment
because adjustment costs induce agents to be forward looking (Christiano et al,
2005). As mentioned before, S00 does not a¤ect the steady state analysis, but
the dynamics depend on the value of S00.

Using (14) and (15), log-linearized version of Euler equation for capital can
be obtained

Q̂t = Et

�
�̂t+1 �

�
1� ���k

�
R̂t + � (1� �) Q̂t+1 �

��k

1� ��k ���̂
k
t+1 + (1� � (1� �)) r̂kt+1

�
(64)

Introduction of capital income tax implies that interest rate changes have
less e¤ect on the current price of capital and accordingly, on the investment level
compared to the case without capital income tax. Further, an expected increase
in future capital income tax causes the current price of capital to decrease
whereas an increase in expected in�ation, rental rate of capital and price of
capital implies an increase in current price of capital.

Capital accumulation is as follows

K̂t = (1� �) K̂t�1 + �Ît (65)

New Keynesian Phillips curves for all the �rms in the economy are derived by
assuming Calvo�s contract model in the economy with some price-setters being
backward-looking.
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where �̂t is the domestic producer price in�ation, �̂
m
t is the import price

in�ation and �̂xt is the export price in�ation. Real marginal costs for domestic
producers and l.o.p. gap for importing �rms and exporting �rms are given by

mĉt = (1� �) ŵt + �r̂kt � Ât (69)

 ̂
m
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m

t�1 �� ̂
x

t ��̂
x;�
t ��̂m;dt =  ̂

m

t�1 + �̂
�
t +�êt � �̂mt (70)

 ̂
x

t =  ̂
x

t�1 + �̂t � �̂xt ��êt (71)

Since �rms in the Calvo model would like to keep their price as a �xed
markup over marginal cost, an increase in real marginal cost will spark in�a-
tionary pressures in domestic prices and accordingly, in export prices. Further,
due to the partial indexation of all three �rms by past in�ation, New Keynesian
Phillips curve implies that in�ation rates depend not only on the expected in-
�ation but also on the past in�ation. Indexation is captured by the parameters
�p, �m and �x for domestic producers, importing �rms and exporting �rms,
respectively. Note that �j = 0, j� [p;m; x] implies that all three New Keynesian
Phillips curves are only forward-looking.

Remaning log-linearized relative prices are given by

̂x;�t = ̂x;�t�1 + �̂
x
t � �̂�t (72)
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c
t � �̂t (75)

Similar to �rms, households set wages in a Calvo setting. Log-linearizing
and rearranging (21) and (22), the wage dynamics can be obtained
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Uncovered interest rate parity is given by

R̂t � R̂�t =
1

1� ���kEt�êt+1

Capital utilization rate is as follows

ût = K̂t � b�Kt�1

where k̂t is the deviation of capital services stock from its steady state value
and b�Kt�1 is the deviation of physical capital stock from its steady state value.
Further, after log-linearzing the Euler equation associated with the household�s
capital utilization decision, i.e. equation (14), following expression can be ob-
tained

ût =
1

�
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1

�

��k�
1� ��k

� �̂kt
where � is the inverse elasticity of capital utilization with respect to the

rental rate of capital. Moreover, �rst order conditions to the cost minimization
problem of the intermediate goods �rms implies

L̂t = r̂kt + K̂t � ŵt

Real exchange rate is given by
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In closed economy analysis, the di¤erence is in the demand side. It is given
by

Ŷt =
�C
�Y
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and accordingly, tax income is given by
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Net foreign asset dynamics is as follows
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Finally, monetary policy is given by

R̂t = �RR̂t�1 + (1� �R)(�̂tart + ��(�̂
c
t � �̂tart ) + �y ŷt + �xx̂t) + "Rt

4.3 Calibration

Although the model parameters are not determined by estimation, it is found
that certain parameter combinations generate standard impulse response func-
tions. For allowing such combinations, parameter calibration, which is done at
a quarterly frequency, is based mainly on Smets and Wouters (2004a, 2004b);
for import and export sector and the share of capital in production on Adolfson
et al. (2007); for �scal policy parameters on Trabandt and Uhlig (2006).

The discount factor � is set equal to 0.99 which below implies a steady state
quarterly gross real interest rate of 1.0153 and 1.016 for the EU and US, respec-
tively. This di¤erence is due to the capital income tax on domestic and foreign
bonds. However, above we assume �R = �R�. This problem, which could be
solved by setting US discount factor in�nitesimally higher or EU discount fac-
tor in�nitesimally lower, is negligible. Parameter, de�ning the habit persistence
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in consumption is set so that hEU = 0:59 and hUS = 0:69. The share of capi-
tal in production � is 0.29 and 0.24 for the EU and US economy, respectively.
Further, the depreciation of capital � is set equal to 0.015 for both economies
which implies an annual depreciation rate of 6 percent.

For the monetary policy rule paramaters, �R, �� and �y, in the open econ-
omy case the estimates of Smets and Wouters (2004a) and for the exchange
rate parameter, �x the estimates of Adolfson et al. (2007) is used. On the
other hand, for closed economy case Smets and Wouters (2004b) and Smets and
Wouters (2007) are used.

Monetary Policy Rule Parameters
�R �� �y �x

Open Economy
EU 0.94 1.50 0.09 -0.02

US 0.88 1.48 0.08 -0.02
Closed Economy
EU 0.88 1.508 0.061

US 0.81 2.04 0.08

Further, Trabandt and Uhlig (2006) give a detailed explanation for the con-
sumption, labor income and capital income tax rates along with the quarterly
steady state government debt and transfers to GDP ratio for both economies.
7These values are as follows

EU US
Labor tax rate ��y 0.38 0.26
Capital tax rate ��k 0.34 0.37

Consumption tax rate �� c 0.17 0.05

Gov. transfers to GDP ratio TR
�Y

0.19 0.11
Gov. debt to GDP ratio  

�B
�Y

0.53�4 0.61�4

7For the rest of the parameters, see Appendix.

31



5 Impulse Response Analysis

In section four, closed and open economy models for the EU and US are de-
scribed in a DSGE framework. Accordingly, in this section the impulse response
analysis, using Toolkit, will be based on open versus closed economy compar-
ison. First, the e¤ects of a shock in interest rate and in�ation target will be
investigated. Second, our analysis will be focused on preference, labour supply
and technology shocks. Furthermore, the size of shocks are set equal to one
standard deviation as in Smets and Wouters (2003).

Concerning the monetary policy rule, a few things are worth mentioning. In
the common literature, interest rate smoothing parameter, �R is estimated to
be higher for the ECB policy rule compared to the US. 8 This implies that it
takes longer for the ECB to converge to its interest rate target after an interest
rate shock. This can be seen in Figure (1) and (2), although the model cannot
capture the desired hump-shaped impulse response functions. Furthermore, a
decrease in consumption, investment and government expenditures, which can
be seen in Figure (7) and (8) for both economies, respectively, leads to an
increase in output. These results are in line with Smets and Wouters (2004a).
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Figure 1: Interest rate shock, EU, closed economy model (1)

8See, for example, Christiano, Motto and Rostagno (2007) and Lubik and Schorfheide
(2005).

32



1 0 1 2 3 4 5
0.5
0.4
0.3
0.2
0.1

0
0.1 Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

G  D  PG  D  PG  D  PG  D  P

1 0 1 2 3 4 50

0.05

0.1

0.15

0.2

Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

RRRR

1 0 1 2 3 4 5
0.01

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09

Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

i  n  fi  n  fi  n  fi  n  f 1 0 1 2 3 4 5

0.02
0

0.02
0.04
0.06
0.08

0.1 Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

m   cm   cm   cm   c

Figure 2: Interest rate shock, US, Closed economy model (1)

Figure (3) and (4) depicts the impulse response functions in open economy
model following an interest rate shock. The results are similar to closed economy
results, however, the deviations are bigger this time. Accordingly, similar to the
results in Adolfson et al (2007), Figure (11) and (12) has implications about the
open economy variables. In the EU economy, import price in�ation decreases
more than the domestic in�ation decreases. Further, an increase in the marginal
cost of the exporting �rms, mcxt = Pt=et , due to a real appreciation of EU
currency, puts an upward pressure on export price in�ation. In this respect,
given the price stickiness, l.o.p. gap for export sector, xt =

Pt
Px
t et
, increases. EU

exports decrease, while imports increase causing a net foreign asset de�cit. On
the other hand, for the US economy, the e¤ects are the other way around. The
real appreciation is not that strong and export prices fall causing an increase in
exports. The US net foreign asset acquisition increases.
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Figure 3: Interest rate shock, EU, Open economy model (1)
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Figure 4: Interest rate shock, US, Open economy model (1)

Following �gures (5) and (6) presents the deviations of output, gross real
interest rate, in�ation and real marginal costs from their steady state values
for the EU and US economies in the closed economy model. E¤ects are in
the same directions for both economies. Consumption, investment, government
expenditures and accrodingly, output increases. An upward pressure in the
wages and rental rate of capital causes an increase in marginal cost in real terms
and in turn in�ation increases. The central banks react to this by increasing
interest rates.

For further di¤erences and similarities, we now turn to the e¤ects of prefer-
ence, labor supply and technology shocks. Figure (15) and (16) depicts impulse
response functions after a shock in preferences in closed economy case for both
economies. As it is shown, consumption, government expenditures and GDP
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Figure 5: In�ation target shock, EU, Closed economy model (1)
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Figure 6: In�ation target shock, US, Closed economy model (1)
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increases, while investment decreases. In the EU, the return on capital and real
wage rates increase and accordingly, real marginal costs increase. This, in turn,
creates a cost-push in�ation. However, in the US, real wage rate increases only
slightly while return on capital decreases. This implies that in the US real mar-
ginal costs decrease and in turn, in�ation decreases. Further, the ECB reacts to
this in�ation increase by increasing the interest rates and the Fed reacts to this
drop in in�ation by decreasing the interest rates. Open economy implications
of a preference shock are presented in the �gures (21) and (22). This time in
the EU, the decrease in domestic in�ation and import price in�ation pulls CPI
in�ation downward. However, export price in�ation increases. These changes
in import and export price in�ation alter the demand schemes for imports and
exports in the short run causing a loss in the net foreign asset position of the
EU. On the contrary, in the US the e¤ects imply an opposite responses.

Figure (17) and (18) presents the e¤ects of a labor supply shock in the EU
and US in the closed economy case. In both economies, real wage rates increase,
causing marginal costs to increase and accordingly an increase in in�ation. This
rise in in�ation engenders a rise in interest rates in both economies. In open
economy case, seen in Figure (23) and (24), labor shock acts as a negative shock
and generates the opposite impulse response functions for the closed economy
case for both economies.

Finally, we analyse the e¤ects of a technology shock. In Figure (19) and (20)
the deviations of selected variables from their steady state values are shown. For
both of the economies in closed economy case, technology shock causes the labor
supply to fall and real wage rates to increase. On the other hand, real marginal
costs along with the return on capital decreases. Due to the downward pressure
on in�ation, which is caused by the fall in marginal costs, interest rates decrease.
Further, in the open economy case, which is depicted in Figure (25) and (26),
consumption and output increases for both economies. Domestic and import
price in�ation puts an upward pressure on CPI in�ation in the EU but not in the
US. As l.o.p gap for the export sector decreases, accordingly, there is an increase
in exports and a fall in imports in both economies. The di¤erence between the
US and EU is the response of the interest rate. In the former it decreases as a
reaction to a fall in CPI in�ation and in the latter it increases due to a rise in
CPI in�ation.

6 Concluding Remarks

In this paper, for US and EU we have desribed a closed economy and an open
economy model following Christiano, Eichenbaum and Evans (2005) and Adolf-
son, Laseén, Lindé and Villani (2007), respectively. Furthermore, the tax struc-
ture was introduced following Tranbandt and Uhlig (2006). Both models, in line
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with the New Keynesian synthesis, incorporate a number of nominal and real
rigidities, such as price and wage stickiness, variable capital utilization, capi-
tal adjustment costs and habit formation. By including local currency nominal
price stickiness, the open economy model also features incomplete exchange rate
pass-through in both the import and export sectors.

Both models are, then calibrated according to Smets and Wouters (2004a,
2004b and 2007) estimations. Calibration imposes challenges for the open econ-
omy case, since there is a large set of parameters used. In general, the closed
economy model for EU and US manages to generate impulse response function
in line with Adolfson, Laseén, Lindé and Villani (2007). Monetary policy trans-
mission mechanism for closed economy model works �ne with respect to the
direction of steady state deviations in the key variables, i.e., in�ation, output,
consumption and interest rates. However, open economy model in general, due
to arising miscalculations, fails to produce such impulse responses except for
interest rate, output and in�ation. The next step in research, following this
paper, will be �xing the miscalculations and use Bayesian estimation methods.
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8 Appendix

8.1 Parameter values

Open Economy Closed Economy
EU US EU US

Indexation wages �w 0.378 0.63 0.411 0.70
Indexation prices �d 0.199 0.24 0.469 0.66

Indexation import prices �m 1.00 1.00
Indexation export prices �x 0.191 0.17

Calvo prices �d 0.919 0.66 0.89 0.66
Calvo wages �w 0.655 0.80 0.798 0.70
Calvo imports �m 0.327 0.56
Calvo exports �x 0.629 0.60

Elast. subs. wages � 1.05 1.05 1.05 1.05
Elast. subs. consumption �c 11.952 11
Elast. subs. investment �i 2.056 2.8
Elast. subs. imports �m 3.809 2.8
Import share cons. wc 0.36 0.05
Import share inv. wi 0.55 0.30

Inverse elasticity of cap. util � 0.05 0.40 0.226 0.54
Share of �xed cost in production � 0.57 0.48 0.268 0.60
Inverse elast. of work e¤ort �L 1.94 2.45 1.570 1.83

Stand. error of preference shock "dc 0.32 1.66 0.285 0.23
Stand. error of cons. tax shock "�c 0.01 0.01 0.01 0.01
Stand. error of capital tax shock "�h 0.01 0.01 0.01 0.01
Stand. error of labor supply shock "dh 2.21 2.38 1.411 0.45
Stand. error of labor inc. tax shock "�y 0.01 0.01 0.01 0.01

Stand. error of tech. shock "A 0.61 0.41 0.604 0.45
Stand. error of gov. transfers shock "TR 0.01 0.01 0.01 0.01
Stand. error of interest rate shock "R 0.11 0.24 0.145 0.24
Stand. error of equity prem. shock "q 0.60 0.65 0.468 0.01
Stand. error of inf. target shock "�tar 0.05 0.05 0.05 0.05
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Open Economy Closed economy
EU US EU US

AR parameter of preference shock, iid �dc 0.922 0.49 0.783 0.22
AR parameter of cons. tax shock, iid ��c 0.9 0.9 0.9 0.9

AR parameter of capital inc. tax shock, iid ��k 0.9 0.9 0.9 0.9
AR parameter of labor inc. tax shock, iid ��y 0.9 0.9 0.9 0.9
AR parameter of labor supply shock, iid �dh 0.941 0.99 0.939 0.71
AR parameter of technology shock, iid �A 0.951 0.99 0.953 0.95
AR parameter of gov. transfers shock, iid �TR 0.9 0.9 0.9 0.9
AR parameter of interest rate shock, iid �"r 0 0 0.15 0.15

AR parameter of equity premium shock, iid �"q 0 0 0 0
AR parameter of inf. target shock, iid ��tar 0.975 0.975 0.975 0.975
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8.2 Figures
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Figure 7: Interest rate shock, EU, Closed economy model (2)

42



1 0 1 2 3 4 5
0.05

0

0.05

Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

CCCCCCC
1 0 1 2 3 4 5

0.04
0.02

0
0.02
0.04
0.06
0.08

0.1 Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

IIIIIII
1 0 1 2 3 4 5
0

0.02
0.04
0.06
0.08

0.1 Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

kkkkkkk

1 0 1 2 3 4 50
0.02
0.04
0.06
0.08

0.1 Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

wwwwwww 1 0 1 2 3 4 5
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
0.1 Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

lllllll

1 0 1 2 3 4 5
1.2

1
0.8
0.6
0.4
0.2

0
Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

ggggggg

1 0 1 2 3 4 5
0.15

0.1
0.05

0
0.05

0.1 Response to Int.RateUS

Years

%
 d

ev
ia

ti
on

 f
ro

m
 S

S

r  kr  kr  kr  kr  kr  kr  k

Figure 8: Interest rate shock, US, Closed economy model (2)

1 0 1 2 3 4 50

0.05

0.1

0.15

Response to pinfltarEU

Years

%
 d

e
vi

a
ti

o
n

 f
ro

m
 S

S

CCCCCCC

1 0 1 2 3 4 50
0.1
0.2
0.3
0.4
0.5
0.6

Response to pinfltarEU

Years

%
 d

e
vi

a
ti

o
n

 f
ro

m
 S

S

IIIIIII

1 0 1 2 3 4 50
0.02
0.04
0.06
0.08

0.1
0.12

Response to pinfltarEU

Years

%
 d

e
vi

a
ti

o
n

 f
ro

m
 S

S

kkkkkkk

1 0 1 2 3 4 50
0.02

0.04
0.06

0.08
0.1 Response to pinfltarEU

Years

%
 d

e
vi

a
ti

o
n

 f
ro

m
 S

S

wwwwwww

1 0 1 2 3 4 50

0.2

0.4

0.6

0.8

Response to pinfltarEU

Years

%
 d

e
vi

a
ti

o
n

 f
ro

m
 S

S

lllllll

1 0 1 2 3 4 50
0.05

0.1
0.15

0.2
0.25

0.3
Response to pinfltarEU

Years

%
 d

e
vi

a
ti

o
n

 f
ro

m
 S

S

ggggggg

1 0 1 2 3 4 50
0.02
0.04
0.06
0.08

0.1
Response to pinfltarEU

Years

%
 d

e
vi

a
ti

o
n

 f
ro

m
 S

S

r  kr  kr  kr  kr  kr  kr  k

Figure 9: In�ation target shock, EU, Closed economy model (2)
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Figure 10: In�ation target shock, US, Closed economy model (2)
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Figure 11: Interest rate shock, EU, Open economy model (2)
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Figure 12: Interest rate shock, US, Open economy model (2)
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Figure 13: In�ation target shock, EU, Open economy model (2)
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Figure 14: In�ation target shock, US, Open economy model (2)
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Figure 15: Preference shock, EU, Closed economy model

49



0 2 4
0

0.1

0.2

0.3

0.4

Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S CCCCCCCCCCCC

0 2 4
0.6

0.5

0.4

0.3

0.2

0.1

0

0.1
Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

IIIIIIIIIIII
0 2 4

0

0.05

0.1

0.15

Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

G  D  PG  D  PG  D  PG  D  PG  D  PG  D  PG  D  PG  D  PG  D  PG  D  PG  D  PG  D  P

0 2 4

0

0.02

0.04

0.06

0.08

0.1
Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

RRRRRRRRRRRR

0 2 4

0.05

0

0.05

0.1
Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

kkkkkkkkkkkk

0 2 4
0

0.02

0.04

0.06

0.08

0.1
Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

wwwwwwwwwwww
0 2 4

0.05

0

0.05

0.1
Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

i  n  fi  n  fi  n  fi  n  fi  n  fi  n  fi  n  fi  n  fi  n  fi  n  fi  n  fi  n  f
0 2 4

1.2

1

0.8

0.6

0.4

0.2

0

Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

llllllllllll

0 2 4

0.05

0

0.05

0.1
Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

m   cm   cm   cm   cm   cm   cm   cm   cm   cm   cm   cm   c

0 2 4

0

0.05

0.1

0.15

0.2

Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

gggggggggggg

0 2 4

0.25

0.2

0.15

0.1

0.05

0

0.05

Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

r  kr  kr  kr  kr  kr  kr  kr  kr  kr  kr  kr  k

0 2 4
0.5

0.4

0.3

0.2

0.1

0

0.1
Response to preferenceUS

Years

%
 d

ev
ia

tio
n 

fro
m

 S
S

uuuuuuuuuuuu

Figure 16: Preference shock, US, Closed economy model
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Figure 17: Labor supply shock, EU, Closed economy model
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Figure 18: Labor supply shock, US, Closed economy model
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Figure 19: Technology shock, EU, Closed economy model
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Figure 20: Technology shock, US, Closed economy model
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Figure 21: Preference shock, EU, Open economy model
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Figure 22: Preference shock, US, Open economy model
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Figure 23: Labor supply shock, EU, Open economy model
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Figure 24: Labor supply shock, US, Open economy model
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Figure 25: Technology shock, EU, Open economy model
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Figure 26: Technology shock, US, Open economy
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