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Abstract

Building on the New Area Wide Model, we develop a 4-region macroeconomic model of the euro

area and the world economy. The model (EAGLE, Euro Area and Global Economy model) is

microfounded and designed for conducting quantitative policy analysis of macroeconomic interde-

pendence across regions belonging to the euro area and between euro area regions and the world

economy. Simulation analysis shows the transmission mechanism of region-specific or common

shocks, originating in the euro area and abroad.

JEL Classification Numbers: C53; E32; E52; F47.

Keywords: Open-economy macroeconomics, DSGE models, econometric models, policy analysis.
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Non-technical Summary

International macroeconomic interdependence is a relevant topic in a monetary union such as the

euro area, where monetary policy is conducted taking into account euro area-wide performance,

while other policies (fiscal and structural) are mainly conducted at the country level. Under-

standing the transmission mechanism of region-specific or common shocks across countries and

the related role of country-specific structural economic features is crucial for properly analyzing

stabilization issues and assessing the appropriate policy responses in the euro area.

To tackle such issues we develop the EAGLE (Euro Area and Global Economy) model. It is a

large-scale microfounded model for the analysis of spillovers and macroeconomic interdependence

across the different countries belonging to the euro area and between them and other countries

outside the monetary union. The open economy version of the new-keynesian paradigm, so called

New Open Economy Macroeconomics framework, constitutes EAGLE’s theoretical kernel and

guarantees a nontrivial role for monetary, exchange rate, fiscal and structural policy measures.

The microfoundations of the model together with its rich structure allows to conduct a quanti-

tative analysis in a theoretically coherent and fully consistent model setup, clearly spelling out

all the policy implications.

More specifically, EAGLE builds on the ECB New Area Wide Model (NAWM). Differently

from the latter, EAGLE includes the following three dimensions. First, in EAGLE the euro area

is formalized as a monetary union. The latter is composed of two regions sharing a common

monetary authority that sets the common nominal interest rate according to euro area-wide

variables. As such, the model allows to assess the implications of the common monetary policy

and country-specific characteristics (such as the size, for example) for the transmission of country-

specific or common shocks in the euro area. The second element is its global nature, as there

are two countries outside the euro area. This feature allows to study the role played by the euro

nominal exchange rate and the extra-euro area trade in transmitting shocks originating outside

or inside the euro area (third-country effects). Third, the model includes not only tradable goods,

but also intermediate nontradables. The distinction allows to fully characterize the dynamics

of international relative prices and trade flows. Overall, the three dimensions imply a rather

exhaustive assessment of the macroeconomic interdependence across euro area countries and

between them and countries not belonging to the union. Also, given its rich set of nominal and

real frictions as well as implementable fiscal and monetary policy measures, the model is well



6
ECB
Working Paper Series No 1195
May 2010

suited for conducting realistic policy analysis.

In this paper we initially illustrate the setup of EAGLE. Subsequently, we show EAGLE’s

implications for an array of illustrative shocks that are often examined in policy simulations at

national central banks and international policy institutions. The shocks can originate in the euro

area and abroad. In particular, we focus on spillovers across euro area countries related to the

monetary union dimension and to changes in international relative prices and trade flows. The

overall picture does suggest that accounting for cross-country spillovers is relevant for properly

analyzing policy issues in the euro area.
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1 Introduction

International macroeconomic interdependence is a relevant topic in a monetary union such as

the euro area, where the monetary policy is set accordingly to euro area-wide performance, while

other (fiscal and structural) policies are mainly conducted at the country level. Understanding

the transmission mechanism of region-specific or common shocks across euro area countries and

the related role of country-specific structural economic features is crucial for properly assessing

the appropriate stabilization policy responses.

To analyze such issues we develop the EAGLE (Euro Area and Global Economy) model.1

It is a large-scale microfounded model for the analysis of spillovers and macroeconomic interde-

pendence across the different countries belonging to the euro area and between them and other

countries outside the monetary union. Thanks to the microfoundations, quantitative analysis can

be conducted in a fully coherent, disciplined and internally consistent framework. The EAGLE

setup builds on the New Area Wide Model (NAWM, Coenen, McAdam and Straub, 2008).2 As

in the case of the NAWM, in EAGLE the open economy dimension is the key feature. However,

EAGLE differs from NAWM along the following dimensions. First, in EAGLE the euro area

is formalized as a monetary union. The latter is composed of two regions sharing a common

monetary authority that sets the common nominal interest rate according to euro area-wide

variables. As such, the model allows to assess the implications of the common monetary pol-

icy and country-specific characteristics (such as the size, for example) for the transmission of

country-specific or common shocks in the euro area. Second, EAGLE includes two countries

outside the euro area. This feature allows to analyze the role of euro nominal exchange rate and

extra-euro area trade in transmitting shocks originating outside or inside the euro area. Third,

the model includes tradable and nontradable intermediate goods in all regions.3 The distinction

(jointly with other features such as home bias, local currency pricing and incomplete interna-

tional financial markets) allows to fully characterize the dynamics of the real exchange rate and

the current account. To sum up, the three dimensions imply a rather exhaustive assessment of
1Jointly developed by staff of the Bank of Italy, the Bank of Portugal and the European Central Bank, EAGLE

is a project of the European System of Central Banks.
2See also the IMF’s Global Economy Model (GEM, Laxton and Pesenti, 2003 and Pesenti, 2008), the Bank of

Canada’s version of GEM (Lalonde and Muir, 2007), the Federal Reserve Board’s SIGMA (Erceg, Guerrieri and
Gust, 2006). See also Cova, Pisani and Rebucci (2009), the European Commission’s QUEST (Ratto, Roeger and
in’t Veld, 2009), Alves, Gomes and Sousa (2007) and IMF’s Global Integrated Monetary Fiscal Model (GIMF,
Kumhof and Laxton, 2007).

3See also Jacquinot and Straub (2008) for a two-sector/four-country extension of the NAWM without monetary
union.
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the macroeconomic interdependence across euro area countries and between them and countries

not belonging to the union. Moreover, they make EAGLE relatively new as compared to the

existing large scale micro-founded models of the euro area.4 Finally, the rich set of nominal and

real frictions as well as implementable fiscal and monetary policy measures make the model well

suited for conducting realistic policy analysis.

Other features of the model setup are rather standard. In each country there are two types

of firms. One type produces final nontradable goods under perfect competition using domestic

tradable, imported tradable and nontradable intermediate goods. The final goods can be used for

private consumption and for private investment. The intermediate goods are produced by firms

under monopolistic competition using domestic labor and capital. Hence, they set nominal prices

to maximize profits. Nominal prices are sticky, so that there is a non trivial stabilization role

for monetary policy. For tradable intermediate goods, prices are set in the currency of the des-

tination market (the local currency pricing assumption holds). As a consequence, pass-through

of the nominal exchange rate into import prices is incomplete in the short run, consistently with

empirical evidence.

There are two types of households in each country. The I-type households have access

to financial and money markets, accumulate physical capital (they rent it to domestic firms),

supply labor to domestic firms. They trade domestically a riskless bond denominated in domestic

currency and internationally a riskless bond denominated in US dollars. So for I-type agents an

uncovered interest parity condition holds, linking the interest rate differential to the expected

change in the exchange rate of the domestic currency against the worldwide core currency (we

assume it is the US dollar). The other households, J-type, are liquidity constrained and have

access only to the domestic money market. Their only source of income is the labor supplied to

domestic firms. J-type households allow to introduce Keynesian effects of public expenditure in

the model. Both types of agents supply labor under monopolistic competition. So they set their

nominal wages, that we assume to be sticky.

Finally, in each country there is a monetary authority and a fiscal authority (as said, in the

case of the euro area there is a common monetary authority). The monetary authority sets

the nominal interest rate according to a standard Taylor rule, reacting to domestic inflation
4Andrés, Burriel and Estrada (2006) build a three-country DSGE model including a two-block monetary union,

namely Spain and the rest of euro area, and the rest of the world. However, the rest of the world is rather stylized,
while in EAGLE all regional blocks are fully structural. Pytlarczyk (2005) builds and estimates a two-region model
of the euro area, calibrated to Germany and rest of the euro area.
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rate, output growth rate and, possibly, to the nominal exchange rate. The fiscal authority sets

public expenditure for purchases (fully biased towards domestic nontradable intermediate goods,

consistently with empirical evidence) and lump-sum transfers. It is financed by rising taxes or

public debt, issued on domestic financial markets. Taxes can be lump-sum or distortionary (the

latter are raised on labor income, capital income and consumption). A fiscal rule guarantees the

stability of public debt. In the case of the two regions belonging to the monetary union, the

monetary and nominal exchange rate policies are shared at union level. To the contrary, fiscal

policies are region-specific.

In this paper we calibrate EAGLE to Germany, the rest of the euro area, the US and the rest

of the world. The goal is to illustrate macroeconomic interdependence across regions belonging

to the euro area. The spillovers can be due to shocks originating inside or outside the euro area.

The paper is organized as follows. Next section illustrates the model setup. Section 3 reports

the calibration of the model. Section 4 shows the results of simulation exercises. Some concluding

remarks are reported in the final section.

2 The model

In this section we report the EAGLE setup, outlining the behavior of firms, households, monetary

and fiscal authorities, defining the aggregate outcomes and characterizing the market clearing

conditions. The world economy consists of four regions and its size is normalized to one. The

size of each region measures the share of resident households and domestic sector-specific firms,

both defined over a continuum of mass s. In what follows the focus is on Home country (H), as

other countries are similarly characterized.5

2.1 Firms

There are two types of firms. One type produces internationally tradable and nontradable inter-

mediate goods. The other type produces nontraded final goods for consumption and investment

purposes, using as inputs all intermediate goods.
5The description of the model setup follows closely those in Coenen, McAdam and Straub (2008) and Pesenti

(2008).
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Final goods sector

Firms producing final nontradable goods are symmetric, act under perfect competition and use

nontradable, domestic and imported tradable intermediate goods as inputs. The intermediate

goods are assembled according to a constant elasticity of substitution (CES) technology. Final

goods can be used for private consumption and investment.

Technology For the consumption sector, each firm x (x ε
[
0, sH

]
) produces a consumption

good QC (x) with the following CES technology:

QC
t (x) =

[
v

1
µC

C TTC
t (x)

µC−1
µC + (1− vC)

1
µC NTC

t (x)
µC−1

µC

] µC
µC−1

(1)

where:

TTC
t (x) =

[
v

1
µT C

TC HTC
t (x)

µT C−1
µT C + (1− vTC)

1
µT C IMC

t (x)
µT C−1

µT C

] µT C
µT C−1

(2)

Two intermediate inputs are used in the production of the consumption good. A basket NTC
t of

nontradable intermediate goods and a composite bundle TTC
t of domestic (HTC

t ) and imported

(IMC
t ) tradable goods. The parameter µC > 0 denotes the intratemporal elasticity of substitu-

tion between tradable and nontradable goods, while vC (0 ≤ vC ≤ 1) measures the weight of the

tradable bundle in the production of the consumption good. For the bundle of tradable goods,

the parameter µTC > 0 denotes the intratemporal elasticity of substitution between the bundles

of domestic and foreign tradable intermediate goods, while vTC (0 ≤ vTC ≤ 1 ) measures the

weight of domestic tradable intermediate goods. Imports IMC
t (x) are a CES function of basket

of goods imported from other countries:

IMC
t (x) =




∑

CO 6=H

(
vH,CO

IMC

) 1
µIMC

(
IMC,CO

t (x)

(
1− ΓH,CO

IMC

(
IMC,CO

t (x)
QC

t (x)

)))µ
IMC

−1
µ

IMC




µ
IMC

µ
IMC−1

(3)

where µIMC > 0 and the coefficients vH,CO
IMC are such that:

0 ≤ vH,CO
IMC ≤ 1,

∑

CO 6=H

vH,CO
IMC = 1 (4)
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The term ΓH,CO
IMC

(
IMC,CO

t (x)

QC
t (x)

)
represents adjustment costs on bilateral consumption imports of

country H from country CO:

ΓH,CO
IMC

(
IMC,CO

t (x)
QC

t (x)

)
≡ γIMC

2

(
IMC,CO

t (x) /QC
t (x)

IMC,CO
t−1 /QC

t−1

− 1

)2

, γIMC ≥ 0 (5)

By assumption, each firm x takes the previous period (sector-wide) import share, IMC,CO
t−1 /QC

t−1,

and the current demand for its output, QC
t (x), as given. The adjustment costs lower the short-

run price elasticity of imports. To the opposite, the level of imports is permitted to jump in

response to changes in overall consumption demand.

Similar equations hold for the firms e (e ε
[
0, sH

]
) producing the final nontradable investment

good. The related production function is isomorphic to that of the consumption goods (equa-

tion 1). Possible differences across consumption and investment bundles are in the elasticity of

substitution, the nontradable and import intensities and in the size of import adjustment costs.

In particular, the investment bundle QI
t (e) is defined as:

QI
t (e) =

[
v

1
µI

I TT I
t (e)

µI−1
µI + (1− vI)

1
µI NT I

t (e)
µI−1

µI

] µI
µI−1

(6)

where the parameter µI > 0 denotes the intratemporal elasticity of substitution between tradable

and nontradable bundles, while the parameter vI (0 ≤ vI ≤ 1) measures the weight of the tradable

bundle. The bundles used in the production of the investment good are defined similarly to those

of the consumption sector.

Cost minimization Firm x chooses the combination of the tradable and nontradable bundles

HTC
t , IMC

t and NTC
t that minimizes the expenditure PHT,tHTC

t + PIMC ,tIMC
t + PNT,tNTC

t

subject to technology constraints (1) and (2) and taking the input price indexes PHT,t, PIMC ,t

and PNT,t as given. The implied demand functions are:

HTC
t (x) = vTCvC

(
PHT,t

PTT C ,t

)−µT C
(

PTT C ,t

PC,t

)−µC

QC
t (x) (7)

IMC
t (x) = (1− vTC) vC

(
PIMC ,t

PTT C ,t

)−µT C
(

PTT C ,t

PC,t

)−µC

QC
t (x) (8)

NTC
t (x) = (1− vC)

(
PNT,t

PC,t

)−µC

QC
t (x) (9)
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and for every good imported by country H from country CO:

IMC,CO
t (x) = vH,CO

IMC


 P H,CO

IM,t

PIMC ,tΓ
H,CO†
IMC

(
IMC,CO

t (x) /QC
t (x)

)


−µIMC

IMC
t (x)

1− ΓH,CO

IMC

(
IMC,CO

t (x) /QC
t (x)

)

(10)

where the implied cost-minimizing prices are:6

PC,t =
[
vCP 1−µC

TT C ,t
+ (1− vC)P 1−µC

NT,t

] 1
1−µC (11)

PTT C ,t =
[
vTCP 1−µT C

HT,t + (1− vTC) P 1−µT C

IMC ,t

] 1
1−µT C (12)

PIMC ,t =




∑

CO 6=H

vH,CO
IMC


 PH,CO

IM,t

ΓH,CO†
IMC

(
IMC,CO

t (x) /QC
t (x)

)



1−µIMC



1
1−µIMC

(13)

Similar demands and prices can be derived for the generic firm e belonging to the investment

sector. Note that the prices PI,t, PTT I ,t and PIMI ,t can differ from PC,t, PTT C ,t and PIMC ,t,

respectively, because of the different composition of the bundles. To the contrary, PHT,t and

PNT,t are the same across the consumption and investment sectors.

In the case of the basket NTC
t , the following CES technology is exploited by final firms x in

the consumption sector:

NTC
t (x) =

[(
1

sH

) 1
θN

∫ sH

0

NTC
t (x, n)

θN−1
θN dn

] θN
θN−1

(14)

where NTC
t (x, n) defines the use of the nontradable intermediate goods n by the firm x and

θN > 1 is the intratemporal elasticity of substitution between the differentiated goods.

The firm x takes the prices of the nontradable goods Pt(n) as given and chooses the optimal

use of each differentiated intermediate good n by minimizing the expenditure
∫ sH

0
Pt (n)NTC

t (x, n)dn

subject to the production function. This yields the following demand for each nontradable in-

6The variable ΓH,CO†
IMC

(
IM

C,CO
t (x)

QC
t (x)

)
in the bilateral import bundle is defined as:

ΓH,CO†
IMC

(
IMC,CO

t (x)

QC
t (x)

)
≡ 1− ΓH,CO

IMC

(
IMC,CO

t (x)

QC
t (x)

)
−

(
ΓH,CO

IMC

(
IMC,CO

t (x)

QC
t (x)

))′
IMC

t (x) .

The term

(
ΓH,CO

IMC

(
IM

C,CO
t (x)

QC
t (x)

))′
is the first derivative of ΓH,CO

IMC

(
IM

C,CO
t (x)

QC
t (x)

)
with respect to imports

IMC,CO
t (x).
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termediate good n:

NTC
t (x, n) =

1
sH

(
Pt (n)
PNT,t

)−θN

NTC
t (x) (15)

where PNT,t is the cost-minimizing price of one unit of the nontradable basket:

PNT,t =

[
1

sH

∫ sH

0

Pt (n)1−θN dn

] 1
1−θN

(16)

The basket NT I
t (e) is similarly defined. Total demand for good n can be obtained by aggregat-

ing across firms and taking account of public sector consumption (that is fully biased towards

nontradable intermediate goods):

∫ sH

0

NTC
t (x, n)dx +

∫ sH

0

NT I
t (e, n)de + Gt (n)

=
(

Pt (n)
PNT,t

)−θN (
NTC

t + NT I
t + Gt

)
=

(
Pt (n)
PNT,t

)−θN

NTt (17)

where:

NTC
t ≡ 1

sH

∫ sH

0

NTC
t (x)dx (18)

NT I
t ≡ 1

sH

∫ sH

0

NT I
t (e)de (19)

Gt =

[(
1

sH

) 1
θN

∫ sH

0

Gt(n)
θN−1

θN dn

] θN
θN−1

(20)

In a similar way it is possible to derive domestic demand for domestic tradable intermediate
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goods h.7 The implied total demand for the generic brand h is:

∫ sH

0

HTC
t (x, h)dx +

∫ sH

0

HT I
t (e, h)de

=
(

Pt (h)
PHT,t

)−θT (
HTC

t + HT I
t

)
=

(
Pt (h)
PHT,t

)−θT

HTt (21)

where:

HTC
t ≡ 1

sH

∫ sH

0

HTC
t (x)dx (22)

HT I
t ≡ 1

sH

∫ sH

0

HT I
t (e)de (23)

Demand for imports is similarly defined and is illustrated at the end of the next section.

Intermediate goods sector

There are firms producing tradable and nontradable intermediate goods (brands) under mo-

nopolistic competition regime. Each tradable brand is produced by a firm h belonging to the

continuum of mass sH (h ∈ [0, sH ]). Similarly, each nontradable brand is produced by a firm n,

also defined over the continuum of mass sH (n ∈ [0, sH ]).

Technology Each nontradable and tradable intermediate good, respectively n and h, is pro-

duced using a Cobb-Douglas technology:

Y S
N,t (n) = max

{
zN,tK

D
t (n)αN ND

t (n)1−αN − ψN , 0
}

(24)

Y S
T,t (h) = max

{
zT,tK

D
t (h)αT ND

t (h)1−αT − ψT , 0
}

(25)

7The generic firm x in the consumption sector exploits the following CES technology:

HT C
t (x) =

[(
1

sH

) 1
θT

∫ sH

0
HT C

t (x, h)
θT−1

θT dh

] θT
θT−1

, θT > 1

The firm x takes the prices of the tradable goods P (h) as given and chooses the optimal use of each differentiated

intermediate good h by minimizing the expenditure for the bundle,
∫ sH

0 Pt (h) HT C
t (x, h)dh, subject to the

production function. This yields the following demand for each tradable intermediate good h:

HT C
t (x, h) =

1

sH

(
Pt (h)

PHT,t

)−θT

HT C
t (x)

where PHT,t is the cost-minimizing price of one unit of the tradable basket:

PHT,t =

[
1

sH

∫ sH

0
Pt (h)1−θT dh

] 1
1−θT

.
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where ψN and ψT are fixed costs taking the same values across firms belonging to the same

sector. The inputs are homogenous capital services, KD
t (n) and KD

t (h), and an index of differ-

entiated labor services, ND
t (n) and ND

t (h). Capital and labor services are supplied by domestic

households under perfect competition and monopolistic competition, respectively. In addition,

zN,t and zT,t are sector-specific productivity shocks (they are identical across firms within each

sector). The shocks zN,t and zT,t can be permanent or transitory.8

For the labor input, ND
t (n) is a combination of two types bundles of the labor varieties

supplied by domestic households. I-type households represent a share 1− ω of domestic house-

holds and are indexed by i ε
[
0, sH(1− ω)

]
while J-type households represent a share ω and are

indexed by j ε
(
sH(1− ω), sH

]
. Each firm n uses a CES combination of the two types of labor:

ND
t (n) =

[
(1− ω)

1
η ND

I,t (n)
η−1

η + ω
1
η ND

J,t (n)
η−1

η

] η
η−1

(26)

where η > 0 denotes the elasticity of substitution between the two household-specific bundles of

labor services I and J . The household-specific labor bundles are:

ND
I,t (n) =

[(
1

sH (1− ω)

) 1
ηI

∫ sH(1−ω)

0

ND
t (n, i)

ηI−1
ηI di

] ηI
ηI−1

(27)

ND
J,t (n) =

[(
1

sHω

) 1
ηJ

∫ sH

sH(1−ω)

ND
t (n, j)

ηJ−1
ηJ dj

] ηJ
ηJ−1

(28)

where ηI , ηJ > 1 are the elasticities of substitution between the differentiated services of labor

varieties i and j, respectively. Similar equations hold for the firms producing tradables, h.

Cost minimization Firms belonging to the intermediate sectors take the rental cost of capital

RK
t and the aggregate wage index Wt as given. Firms belonging to the tradables sector demand

capital and labor services to minimize total input cost, RK
t KD

t (h) +
(
1 + τ

Wf

t

)
WtN

D
t (h) ,

subject to the production function, (25). Similarly, firms in the nontradables intermediate sector

minimize the cost RK
t KD

t (n) +
(
1 + τ

Wf

t

)
WtN

D
t (n) subject to the production function (24).

The variable τ
Wf

t is a payroll tax rate levied by the domestic government on wage payments.

We assume it is the same across firms.

The first-order conditions of the firms’ cost minimization problem with respect to capital and

labor inputs - respectively KD
t (n) and ND

t (n) for the nontradables sector, KD
t (h) and ND

t (h)

8In the case of the euro area there is also a technology shock which is common to both sectors and regions, zt.
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for the tradables sector - are sector-specific. They are rather standard and to save on space we

do not report them (see details in the Appendix). Given that all firms face the same factor prices

and all firms use the same technology, the nominal marginal cost is identical across firms within

each sector (i.e., MCN,t = MCt (n) and MCT,t = MCt (h)):9

MCN,t =
1

zN,t (αN )αN (1− αN )1−αN

(
RK

t

)αN
((

1 + τ
Wf

t

)
Wt

)1−αN

(29)

MCT,t =
1

zT,t (αT )αT (1− αT )1−αT

(
RK

t

)αT
((

1 + τ
Wf

t

)
Wt

)1−αT

(30)

Nominal wage contracts for differentiated labor services i and j are set in monopolistic competi-

tive markets by I-type and J-type households, respectively. Each firm takes wages as given and

chooses the optimal input of each variety i and j by minimizing the cost of forming household-

specific labor bundles subject to the aggregation constraints (27) and (28), respectively. This

setup yields the following demand functions for varieties i and j by the generic firm n:

ND
t (n, i) =

1
sH

(
Wt (i)
WI,t

)−ηI
(

WI,t

Wt

)−η

ND
t (n) (31)

ND
t (n, j) =

1
sH

(
Wt (j)
WJ,t

)−ηJ
(

WJ,t

Wt

)−η

ND
t (n) (32)

where:

WI,t =

[
1

sH (1− ω)

∫ sH(1−ω)

0

Wt (i)1−ηI di

] 1
1−ηI

(33)

WJ,t =

[
1

sHω

∫ sH

sH(1−ω)

Wt (j)1−ηJ dj

] 1
1−ηJ

(34)

Wt =
[
(1− ω) (WI,t)

1−η + ω (WJ,t)
1−η

] 1
1−η

(35)

Similar considerations hold for the generic firm h in the tradables sector. Total demand for labor

input i can be obtained by aggregating across firms:

∫ sH

0

ND
t (h, i) dh +

∫ sH

0

ND
t (n, i) dn

=
(

Wt (i)
WI,t

)−ηI
(

WI,t

Wt

)−η

ND
t (36)

9As mentioned above, in the case of the euro area there is also a shock that is common to both sectors and
regions, zt.
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where ND
t is per-capita total labor in the economy.

Similarly, total demand for labor input j is:

∫ sH

0

ND
t (h, j) dh +

∫ sH

0

ND
t (n, j) dn

=
(

Wt (j)
WJ,t

)−ηJ
(

WJ,t

Wt

)−η

ND
t (37)

Price setting in the nontradable goods sector Each firm in the nontradable intermediate

goods sector sells its differentiated output under monopolistic competition. There is sluggish

price adjustment due to staggered price contracts à la Calvo (1983). The probability of optimally

resetting prices in a given period t is 1− ξN (0 ≤ ξN ≤ 1). All firms that are able to re-optimize

their price contracts in a given period t choose the same price, i.e. P̃NT,t = Pt (n). Those firms

which do not re-optimize are allowed to adjust their prices according to the following scheme:

Pt (n) = (ΠNT,t−1)
χN Π

1−χN
Pt−1 (n) (38)

meaning that the price contracts are indexed to a geometric average of past (gross) sector-specific

inflation, ΠNT,t−1 ≡ PNT,t−1/PNT,t−2 and the monetary authority’s (gross) inflation objective,

Π, assumed to be constant. The parameter χN (0 ≤ χN ≤ 1) measures the degree of sector-

specific indexation.

Each firm that re-optimizes at time t maximizes the discounted sum of its expected nominal

profits (ΛI,t,t+k, with ΛI,t,t = 1, is the stochastic discount factor of I-type households, that by

assumption own the domestic firms):

Et

[ ∞∑

k=0

(ξN )k ΛI,t,t+k (Pt+k (n)NTt+k (n)−MCN,t+k (NTt+k (n) + ψN ))

]
(39)

subject to the price-indexation scheme (38) and taking as given the demand for its brand:

NTt+k (n) =
(

Pt+k (n)
PNT,t+k

)−θN

NTt+k. (40)

As said above, the marginal costs are symmetric across producers (MCt (n) = MCN,t ∀n).
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The implied first-order condition is:10

Et

[ ∞∑

k=0

(ξN )k ΛI,t,t+k

(
k∏

s=1

ΠχN

NT,t+s−1Π
1−χN

P̃NT,t − θN

θN − 1
MCN,t+k

)
NTt+k (n)

]
= 0 (41)

Therefore those firms whose price contracts are re-optimized set prices to equate the discounted

sum of expected revenues to the discounted sum of expected marginal costs. When prices are

fully flexible (ξN = 0 ), all firms set the same price and the standard constant markup rule for

pricing holds:

PNT,t =
θN

θN − 1
MCN,t (42)

reflecting the existence of monopoly power. If θN is very large (perfect competition regime),

then PNT,t = MCN,t.

With firms setting prices according to the setup described above (equations (41) and (38)),

the sector-specific price index PNT,t evolves according to:

PNT,t =
[
ξN

(
ΠχN

NT,t−1Π
1−χN

PNT,t−1

)1−θN

+ (1− ξN )
(
P̃NT,t

)1−θN
] 1

1−θN

(43)

To clarify the intuition of the stated price setting problem, it is useful to write the first-order

condition in its log-linearized (in the neighborhood of a deterministic steady state) form:11

π̂NT,t =
β

1 + βχN
Et [π̂NT,t+1] +

χN

1 + βχN
π̂NT,t−1 +

(1− βξN ) (1− ξN )
ξN (1 + βχN )

m̂cN,t (44)

where the parameter β (0 < β < 1) is the households’ discount rate. This expression explic-

itly shows the relations between current sector-specific inflation, forward- and backward-looking

components of the inflation process as well as the real marginal costs (m̂cN,t).

Price setting in the tradable goods sector The maximization problem is similar to the

one solved by firms belonging to the nontradable intermediate goods sector. Each firm sells its

differentiated output under monopolistic competition in the domestic and the foreign markets.

The firm charges different prices in local currency at home and in each foreign region. We initially

describe the pricing problem in the domestic market and subsequently the pricing problem in

the export markets.
10This first order condition can be rewritten in a recursive way, as in equations (A.57), (A.58) and (A.59) in

the Appendix.
11The generic variable x̂ is defined as log(Xt)− log(X̄) where X̄ represents the steady state value of Xt.
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Pricing in the domestic market There is sluggish price adjustment due to staggered

price contracts à la Calvo (1983). The probability of optimally resetting prices in a given period

t is 1 − ξH (0 ≤ ξH ≤ 1). All firms that receive permission to reset their price contracts in a

given period t choose the same price, P̃HT,t, while those firms which do not re-optimize update

their prices according to the following scheme:

Pt (h) = (ΠHT,t−1)
χH Π

1−χH
Pt−1 (h) (45)

where ΠHT,t−1 ≡ PHT,t−1/PHT,t−2 is the (gross) sector-specific inflation at time t− 1.

So firm h at time t maximizes the following profit function for the domestic market:

Et

[ ∞∑

k=0

(ξH)k ΛI,t,t+k (Pt+k (h)HTt+k (h)−MCT,t+k (HTt+k (h) + ψT ))

]
(46)

subject to the price-indexation scheme (45) and taking as given the total domestic demand for

its brand:

HTt+k (h) =
(

Pt+k (h)
PHT,t+k

)−θT

HTt+k. (47)

The implied first-order condition is:12

Et

[ ∞∑

k=0

(ξH)k ΛI,t,t+k

(
k∏

s=1

ΠχH

HT,t+s−1Π
1−χH

P̃HT,t − θT

θT − 1
MCT,t+k

)
HTt+k (h)

]
= 0 (48)

With firms setting prices according to the setup described above (equations (48) and (45)), the

sector-specific price index PHT,t evolves according to:

PHT,t =
[
ξH

(
ΠχH

HT,t−1Π
1−χH

PHT,t−1

)1−θT

+ (1− ξH)
(
P̃HT,t

)1−θT
] 1

1−θT

(49)

Pricing in the export markets Firm h discriminates across countries, by invoicing and

setting the price of its brand in the currency of the generic destination market CO. Hence, the

local currency pricing assumption holds. There is sluggish price adjustment due to staggered

price contracts à la Calvo (1983). The probability of optimally resetting prices in a given period

t is 1 − ξX (0 ≤ ξX ≤ 1). All firms that receive permission to reset their price contracts in a

given period t choose the same price, P̃H,CO
X,t , while those firms which do not re-optimize update

12This first order condition can be rewritten in a recursive way, as in equations (A.47), (A.48) and (A.49) in
the Appendix.
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their prices according to the following scheme:

PCO
X,t (h) =

(
ΠH,CO

X,t−1

)χX

Π
1−χX

PCO
X,t−1 (h) (50)

where ΠH,CO
X,t−1 ≡ PH,CO

X,t−1/PH,CO
X,t−2 is the sector-specific inflation rate and the foreign inflation

objective is assumed to be time invariant and equal to the Home long-run inflation objective,

Π
CO

= Π.

Each exporting firm h that re-optimizes at time t maximizes the discounted sum of its ex-

pected nominal profits, expressed in domestic currency:13

Et



∞∑

k=0

ΛI,t,t+k


 ∑

CO 6=H

(
(ξX)k

(
SH,CO

t+k PCO
X,t+k (h) IMCO

t+k (h)−MCT,t+k

(
IMCO

t+k (h) + ψT

)))






(51)

subject to price-indexation scheme (50) and taking as given the demand function of importing

country CO:14

IMCO
t+k (h) =

(
PCO

X,t+k (h)

PH,CO
X,t+k

)−θT

IMCO,H
t+k . (52)

13SH,CO is the nominal exchange rate between the Home country (H) and country CO, expressed in units of
the Home country currency per unit of CO currency.

14Note that sH ×XCO
t+k (h) = sCO × IMCO

t+k (h), where X stands for the amount of exports and IM stands for

the amount of imports. The generic firm xCO in the consumption sector of the importing country CO exploits
the following CES technology:

IMC
t (xCO) =

[(
1

sH

) 1
θT

∫ sH

0
IMC

t (xCO, h)
θT−1

θT dh

] θT
θT−1

, θT > 1

The firm xCO takes the prices of the imported tradable goods P CO
X (h) as given and chooses the optimal use of each

differentiated intermediate good h by minimizing the expenditure for the bundle,
∫ sH

0 P CO
X,t (h) IMC

t (xCO, h)dh
subject to the production function. This yields the following demand for each tradable intermediate good h:

IMC
t

(
xCO, h

)
=

1

sH

(
P CO

X,t (h)

P H,CO
X,t

)−θT

IMC
t (xCO)

where P H,CO
X,t is the cost-minimizing price of one unit of the tradable basket:

P H,CO
X,t =

[
1

sH

∫ sH

0
P CO

X,t (h)1−θT dh

] 1
1−θT

.
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The implied first-order condition is:15

Et

[ ∞∑

k=0

(ξX)k ΛI,t,t+k

(
k∏

s=1

(
ΠH,CO

X,t+s−1

)χX

Π
1−χX P̃ H,CO

X,t − θT

θT − 1
(SH,CO

t+k )−1MCT,t+k

)
IMCO

t+k (h)

]

= 0 (53)

Given the price setting setup described above (equations 53 and 50), the bilateral exports price

index (of country H to the generic country CO) evolves according to:

PH,CO
X,t =

[
ξX

((
ΠH,CO

X,t−1

)χX

Π
1−χX

PH,CO
X,t−1

)1−θT

+ (1− ξX)
(
P̃H,CO

X,t

)1−θT
] 1

1−θT

(54)

2.2 Households

There are two types of households, I and J . I-type households are indexed by i ∈ [0, sH (1− ω)].

They have access to financial markets, where they buy and sell domestic government bonds and

internationally traded bonds, accumulate physical capital and rent its services to firms, hold

money for transaction purposes. J-type households are indexed by j ∈ (sH (1− ω) , sH ]. They

cannot trade in financial and physical assets but they can intertemporally smooth consumption by

adjusting their holdings of money. Both types of households supply differentiated labor services

and act as wage setters in monopolistically competitive markets. In what follows we initially

describe I-type households, then J-type households.

I-type households

Household i gains utility from consumption Ct (i) and disutility from working Nt (i). In par-

ticular, there is external habit formation in consumption, which means that its utility depends

positively on the difference between the current level of individual consumption, Ct (i), and the

lagged average consumption level of households of type I, CI,t−1.

Household i lifetime utility function is then:

Et

[ ∞∑

k=0

βk

(
1− κ

1− σ

(
Ct+k (i)− κCI,t+k−1

1− κ

)1−σ

− 1
1 + ζ

Nt+k (i)1+ζ

)]
(55)

where β (0 < β < 1) is the discount rate, σ (σ > 0) denotes the inverse of the intertemporal

elasticity of substitution and ζ (ζ > 0) is the inverse of the elasticity of work effort with respect

15This first order condition can be rewritten in a recursive way, as in equations (A.52), (A.53) and (A.54) in
the Appendix.
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to the real wage (Frisch elasticity). The parameter κ (0 ≤ κ ≤ 1) measures the degree of external

habit formation in consumption.

The individual budget constraint for household i is:

(
1 + τC

t + Γv (vt (i))
)
PC,tCt (i) + PI,tIt (i)

+R−1
t Bt+1 (i)

+

((
1− ΓB∗

(
SH,US

t B∗
t+1

PY,tYt
; rpt

))
R∗t

)−1

SH,US
t B∗

t+1 (i) + Mt (i) + Φt (i) + Ξt

=
(
1− τN

t − τWh
t

)
Wt (i)Nt (i) +

(
1− τK

t

)
(RK,tut (i)− Γu (ut (i))PI,t)Kt (i)

+τK
t δPI,tKt (i) +

(
1− τD

t

)
Dt (i) + TRt (i)− Tt (i)

+Bt (i) + SH,US
t B∗

t (i) + Mt−1 (i) (56)

where PC,t and PI,t are the prices of a unit of the private consumption good and the investment

good, respectively. Rt and R∗t denote, respectively, the risk-less returns on domestic government

bonds, Bt+1 (i), and internationally traded bonds, B∗
t+1 (i).16 They are paid at the beginning

of period t + 1 and known at time t. Domestically traded bond are denominated in domestic

currency. Internationally traded bonds are denominated in the currency of the core country of the

model, let’s call it the US.17 The term ΓB∗

(
SH,US

t B∗t+1
PY,tYt

; rpt

)
represents a financial intermediation

premium that the household must pay when taking a position in the international bond market.

It has the following functional form:

ΓB∗

(
SH,US

t B∗
t+1

PY,tYt
; rpt

)
≡ γB∗

(
exp

(
SH,US

t B∗
t+1

PY,tYt
−B∗

Y

)
− 1

)
− rpt (57)

where γB∗ > 0 is a parameter, B∗
Y is the long-run (steady-state) net foreign asset position, rpt

is a risk premium shock, PY,t is the gross domestic product (GDP from now on) deflator, Yt is

the GDP in real terms. The incurred premium is rebated in a lump-sum manner (see variable

Ξt in the budget constraint) to domestic I-type households, that own firms. The term Mt (i)

represents domestic money holdings.

The household provides labor services, Nt (i), at wage rate Wt (i) and rents capital services

ut (i)Kt (i), at the rental rate RK,t, to domestic firms. Varying the intensity of capital utilization

16In the case of euro area regions, there exists also a bond traded inside the union, denominated in euros. To
stabilize the model there is also a transaction cost on the euro denominated bond. For further details see the
Appendix.

17SH,US
t is the nominal exchange rate, expressed in terms of units of Home currency per unit of the US dollars.
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is subject to a proportional cost Γu (ut (i)), defined as:

Γu (ut (i)) ≡ γu,1 (ut (i)− 1) +
γu,2

2
(ut (i)− 1)2 (58)

The law of motion for the capital stock owned by household i is:

Kt+1 (i) = (1− δ)Kt (i) +
(

1− ΓI

(
It (i)

It−1 (i)

))
It (i) (59)

where δ > 0 is the depreciation rate and ΓI

(
It(i)

It−1(i)

)
represents an adjustment cost formulated

in terms of changes in investment:

ΓI

(
It (i)

It−1 (i)

)
≡ γI

2

(
It (i)

It−1 (i)
− 1

)2

, γI > 0 (60)

The purchases of the consumption good are subject to a proportional transaction cost, Γv (vt (i)),

defined as:

Γv (vt (i)) ≡ γv,1vt (i) + γv,2v
−1
t (i)− 2

√
γv,1γv,2 (61)

which depends on consumption-based velocity (i.e., the inverse of the household money-to-

consumption ratio):

vt (i) =

(
1 + τC

t

)
PC,tCt (i)

Mt (i)
(62)

The variable Dt (i) in the budget constraint represents the dividends paid by firms to I-type

households (the latter own firms).

The fiscal authority levies taxes on the household’s gross income and spending. In particular,

τC
t denotes the consumption tax rate levied on consumption purchases, τN

t , τK
t and τD

t represent

tax rates levied respectively on wage income, rental capital income and dividends from firms

ownership, while τWh
t is an additional pay-roll tax rate levied on household wage income that

represents the household contribution to social security. Following Coenen, McAdam and Straub

(2008) we assume that the utilization cost of physical capital and physical capital depreciation

are exempted from taxation.The variable TRt (i) represents lump-sum transfers received from

the government and Tt (i) lump-sum taxes.

The generic household i holds state-contingent securities, Φt (i), which are traded amongst

I-type households and provide insurance against individual income risk. This guarantees that

the marginal utility of consumption out of wage income is identical across individual households

and consequently all households choose identical allocations in equilibrium.
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Each household i maximizes its lifetime utility by choosing the consumption and investment

goods, Ct (i) and It (i) respectively, the level of the physical capital stock, Kt+1 (i) and its

utilization rate, ut (i), holdings of domestic government bonds and internationally traded bonds,

Bt+1 (i) and B∗
t+1 (i) respectively, and holdings of money, Mt (i).

Each household i acts as wage setter for its differentiated labor services Nt (i) in monopo-

listically competitive markets. It is assumed that wages are determined by staggered nominal

contracts à la Calvo (1983). Each household receives permission to optimally reset its nominal

wage contract in a given period t with probability 1 − ξI . All households that receive permis-

sion to reset their wage contracts in a given period t choose the same wage rate W̃I,t = W̃t (i).

Those households that do not receive permission to re-optimize are allowed to update their wage

contracts according to the following indexation scheme:

Wt (i) = (ΠC,t−1)
χI Π

1−χI
Wt−1 (i) (63)

that is, the nominal wage contracts are indexed to a geometric average of past (gross) consumer

price index (CPI from now on) inflation, ΠC,t−1 ≡ PC,t−1
PC,t−2

and the monetary authority’s (gross)

inflation objective, Π. χI is an indexation parameter (0 ≤ χI ≤ 1).

Each household that is able to re-optimize the wage contract in period t maximizes its lifetime

utility function subject to the wage-indexation scheme (63), its budget constraint (56) and the

demand for its differentiated labor services (36). The first-order condition is therefore:

Et



∞∑

k=0

(βξI)
k


 Λt+k (i)

(
1− τN

t+k − τWh

t+k

)
W̃I,t

PC,t+k

(
PC,t+k−1
PC,t−1

)χI

Π
(1−χI)k

− ηI

ηI−1Nt+k (i)ζ


Nt+k (i)


 = 0

(64)

where the variable Λt+k (i) is the stochastic discount factor between period t and t + k that can

be obtained from the consumption Euler equation of the I-type households.18 As such, wages

are optimally set to equate the household’s discounted sum of expected marginal cost, expressed

in terms of the disutility of labor, to the expected (after tax) marginal revenues (in terms of

consumption-based utility).19

When nominal wages are fully flexible, the real wage is equal to marginal rate of substitu-

tion between consumption and leisure augmented by the constant markup ηI

ηI−1 implied by the

18The variable Λt (i) represents the marginal utility of consumption of household i. Given the assumption of
domestic complete markets, it is the same across all I-type households.

19This first order condition can be rewritten in a recursive way, as in equations (A.18), (A.19) and (A.20) in
the Appendix.
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monopolistic competition in the labor market:

(
1− τN

t − τWh
t

) Wt (i)
PC,t

=
ηI

ηI − 1
Λ−1

t (i)Nt (i)ζ (65)

When households set wage contracts for their differentiated labor services according to the scheme

described above, the aggregate wage index evolves as:

WI,t =
[
ξI

(
ΠχI

C,t−1Π
1−χI

WI,t−1

)1−ηI

+ (1− ξI)
(
W̃I,t

)1−ηI
] 1

1−ηI

(66)

Remaining first-order conditions with respect to It (i), Kt+1(i), ut (i), Bt+1 (i), B∗
t+1 (i) and

Mt (i) are rather standard and to save on space we do not report them here (we report them in

the Appendix).

J-type households

In each country there is a continuum of J-type households indexed by j ε [sH(1− ω), sH ]. Even

though J-type households do not have access to capital and bond markets, they can intertem-

porally smooth consumption by adjusting their holdings of money. The household j chooses

purchases of the consumption good Ct (j) and holdings of money Mt (j) that maximize its life-

time utility function (that is assumed to be similar to that of I-type households), subject to its

budget constraint:

(
1 + τC

t + Γv (vt (j))
)
PC,tCt (j) + Mt (j) + Φt (j)

=
(
1− τN

t − τWh
t

)
Wt (j) Nt (j) + TRt (j)− Tt (j) + Mt−1 (j) (67)

where the transaction cost Γv (vt (j)) depends on consumption-based velocity and is defined in

a similar way to equation (61).

Similarly to I-type households, J-type households act as wage setters for their differentiated

labor services (the probability of not adjusting wages in each period is 1−ξJ). Thus, the implied
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first-order condition is:20 21

Et



∞∑

k=0

(βξJ)k


 Λt+k (j)

(
1− τN

t+k − τWh

t+k

)
W̃J,t

PC,t+k

(
PC,t+k−1
PC,t−1

)χJ

Π
(1−χJ )k

− ηJ

ηJ−1Nt+k (j)ζ


Nt+k (j)


 = 0

(68)

When households set wage contracts for their differentiated labor services according to the scheme

described above, the aggregate wage index evolves as:

WJ,t =
[
ξJ

(
ΠχJ

C,t−1Π
1−χJ

WJ,t−1

)1−ηJ

+ (1− ξJ)
(
W̃J,t

)1−ηJ
] 1

1−ηJ

(69)

The remaining first-order conditions with respect to Ct (j) and Mt (j) are rather standard and

we do not report them here (we report them in the Appendix).

2.3 Monetary and fiscal authorities

Monetary authorities In each country CO not belonging to the monetary union, the mon-

etary authority faces a Taylor-type interest rate rule specified in terms of annual CPI inflation,

ΠCO,4
C,t (ΠCO,4

C,t ≡ PCO
t /PCO

t−4) and quarterly output growth, Y grCO
t (Y grCO

t ≡ Y CO
t /Y CO

t−1 ):

(
RCO

t

)4
= φCO

R

(
RCO

t−1

)4
+

(
1− φCO

R

) [(
R

CO
)4

+ φCO
Π

(
ΠCO,4

C,t −Π
CO,4

)]

+φCO
gY

(
Y grCO

t − 1
)

+ εCO
R,t (70)

where
(
R

CO
)4

= β−4 Π
CO

is the equilibrium nominal interest rate in country CO, Π
CO

is the

monetary authority’s inflation target and the term εRCO,t is a serially uncorrelated monetary

policy shock.

In the case of the euro area (EA), a similar equation holds for the (single) monetary authority,

that targets a weighted (by regional size) average of regional (Home, H, and rest of the euro

area, REA) annual CPI inflation and real quarterly output growth:

(
REA

t

)4
= φEA

R

(
REA

t−1

)4
+

(
1− φEA

R

) [(
R

EA
)4

+ φEA
Π

(
ΠEA,4

C,t −Π
EA,4

)]

+φEA
gY

(
Y grEA

t − 1
)

+ εEA
R,t (71)

20As in the case of I-type households, the variable Λt+k (j) is the stochastic discount factor between period t
and t + k that can be obtained from the consumption Euler equation of the J-type households.

21This first order condition can be rewritten in a recursive way, as in equations (A.30), (A.31) and (A.32) in
the Appendix.
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where:

Y grEA
t ≡ Y EA

t

Y EA
t−1

≡ sHY H
t + sREAY REA

t

sHY H
t−1 + sREAY REA

t−1

(72)

ΠEA,4
C,t ≡

(
ΠH,4

C,t

) sH

sH+sREA
(
ΠREA,4

C,t

) sREA

sH+sREA

(73)

with:

ΠH,4
C,t ≡

PH
C,t

PH
C,t−4

, ΠREA,4
C,t ≡ PREA

C,t

PREA
C,t−4

(74)

Fiscal authorities In each country the fiscal authority purchases G, a final good which

is a composite of nontradable intermediate goods only.22 The fiscal authority also makes trans-

fer payments to households, TRt, issues bonds to refinance its debt, Bt, earns seigniorage on

outstanding money holdings, Mt−1, and levies taxes. As previously said, there are tax rates

on consumption purchases (τC
t ) and on wage, capital and dividend income (τN

t , τK
t , τD

t , re-

spectively). There are also pay-roll tax rates levied on household wage income (τWh
t ) and on

wages paid by firms (social contributions, τ
Wf

t ). Therefore the fiscal authority’s period-by-period

budget constraint is:

PG,tGt + TRt + Bt + Mt−1

= τC
t PC,tCt +

(
τN
t + τWh

t

) 1
sH

(∫ sH(1−ω)

0

Wt (i)Nt (i) di +
∫ sH

sH(1−ω)

Wt (j)Nt (j) dj

)

+τ
Wf

t WtNt + τK
t (Rk,tut − (Γu (ut) + δ)PI,t)Kt + τD

t Dt

+Tt + R−1
t Bt+1 + Mt (75)

where all quantities are expressed in domestic per-capita-terms (defined below), except for the

labor services and wages, which are differentiated across the two types of households. The fiscal

authority’s purchases of the final public consumption good and the fiscal authority’s transfers,

both specified as a fraction of steady-state nominal output, gt ≡ PG,tGt

PY Y
and trt ≡ TRt

PY Y
respec-

tively, follow AR(1) processes:

gt = (1− ρg) g + ρggt−1 + εg,t (76)

trt = (1− ρtr) tr + ρtrtrt−1 + εtr,t (77)

22Therefore PG,t = PNT,t.
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Lump-sum taxes as a fraction of steady-state nominal output, τt ≡ Tt

PY Y
, are adjusted to make

public debt stable according to the following rule:

τt = φBY

(
Bt

PY Y
−BY

)
(78)

where BY is the fiscal authority’s target for the ratio of government debt to output and φBY
> 0

is a parameter. All distortionary tax rates are assumed to be exogenously set by the fiscal

authority and constant (unless otherwise stated).

2.4 Aggregate variables

Given that all households of the same type choose identical allocations in equilibrium, the ag-

gregate quantity expressed in domestic per capita terms of any household’s variable (let’s call it

Xt) is:23

Xt ≡ 1
sH

(∫ sH(1−ω)

0

Xt (i) di +
∫ sH

sH(1−ω)

Xt (j) dj

)
≡ (1− ω)XI,t + ωXJ,t (79)

where XI,t and XJ,t are in per capita terms. Therefore, aggregate per capita consumption, money

holdings, lump-sum transfers and taxes are respectively given by:

Ct = (1− ω)CI,t + ωCJ,t (80)

Mt = (1− ω)MI,t + ωMJ,t (81)

TRt = (1− ω)TRI,t + ωTRJ,t (82)

Tt = (1− ω)TI,t + ωTJ,t (83)

Since only I-type households hold financial assets, accumulate physical capital and own domestic

firms, the following conditions hold for aggregate per capita holdings of domestic government,
23Except for labor services that are differentiated across households members.
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internationally traded bonds, physical investment, physical capital and dividends, respectively:

Bt = (1− ω)BI,t (84)

B∗
t = (1− ω)B∗

I,t (85)

It = (1− ω) II,t (86)

Kt = (1− ω)KI,t (87)

Dt = (1− ω)DI,t (88)

2.5 Market clearing conditions

The market clearing condition for nontradable intermediate good n is:

Y S
N,t (n) = NTC

t (n) + NT I
t (n) + Gt (n) , ∀n (89)

Aggregating over the continuum of firms:

Y S
N,t =

1
sH

∫ sH

0

Y S
NT,t (n) dn

=
1

sH

(∫ sH

0

(
NTC

t (n) + NT I
t (n) + Gt (n)

)
dn

)

=
1

sH

∫ sH

0

(
Pt (n)
PNT,t

)−θT

dnNTt

= sN,tNTt (90)

where:

sN,t ≡ 1
sH

∫ sH

0

(
Pt (n)
PNT,t

)−θN

dn (91)

measures the degree of dispersion across the differentiated goods n. Given the optimal price-

setting strategies for firms producing intermediate goods, the measure of price dispersion evolves

according to:

sN,t = (1− ξN )

(
P̃NT,t

PNT,t

)−θN

+ ξN

(
ΠNT,t

ΠχN

NT,t−1Π
1−χN

)θN

sN,t−1 (92)

where P̃NT,t denotes the optimal price contracts chosen by those firms that have received per-

mission to reset their prices in period t, while ΠNT,t ≡ PNT,t

PNT,t−1
.
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For each tradable intermediate good, the following market clearing condition holds:

Y S
T,t (h) = HTt (h) +

∑

CO 6=H

IMCO
t (h) , ∀h (93)

Aggregating across firms:

Y S
T,t =

1
sH

∫ sH

0

Y S
T,t (h) dh

=
1

sH

(∫ sH

0

(
HTC

t (h) + HT I
t (h)

)
dh

)

+
1

sH




∫ sH

0

∑

CO 6=H

(
IMC,CO

t (h) + IM I,CO
t (h)

)
dh




=
1

sH

∫ sH

0

(
Pt (h)
PHT,t

)−θT

HTtdh

+
1

sH

∑

CO 6=H

∫ sH

0

(
PCO

X,t (h)
PCO

X,t

)−θT

IMCO,H
t dh

= sHT,tHTt +
∑

CO 6=H

sH,CO
X,t IMCO,H

t (94)

where:

sHT,t ≡ 1
sH

∫ sH

0

(
Pt (h)
PHT,t

)−θT

dh (95)

sH,CO
X,t ≡ 1

sH

∫ sH

0

(
PCO

X,t (h)
PCO

X,t

)−θT

dh, ∀CO 6= H (96)

measure the degree of dispersion across the differentiated goods h in each destination market.24

Market clearing condition in the consumption and investment markets respectively imply:

QC
t = Ct + Γv,t (97)

QI
t = It + Γu (ut)Kt (98)

Each household i acts as wage setter in domestic monopolistically competitive labor market.
24Given the optimal price-setting strategies for firms producing intermediate goods, the measures of price

dispersion in the home tradables and export sectors evolve in a similar fashion to equation (92).
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Therefore, the corresponding market clearing conditions are:

Nt (i) = ND
t (i) , ∀i

Aggregating over the continuum of household i:

NI,t =
1

sH (1− ω)

∫ sH(1−ω)

0

Nt (i) di

=
1

sH (1− ω)

∫ sH(1−ω)

0

ND
t (i) di

=
1

sH (1− ω)

∫ sH(1−ω)

0

(
Wt (i)
WI,t

)−ηI

ND
I,tdi

= sI,tN
D
I,t (99)

where:

sI,t ≡ 1
sH (1− ω)

∫ sH(1−ω)

0

(
Wt (i)
WI,t

)−ηI

di (100)

is a measure of the degree of dispersion across the differentiated labor varieties i. Given the

optimal wage-setting strategies for households i, this measure evolves according to:

sI,t = (1− ξ
I
)

(
W̃I,t

WI,t

)−ηI

+ ξI

(
WI,t

WI,t−1Π
χI

C,t−1Π
1−χI

)ηI

sI,t−1 (101)

where W̃I,t denotes the optimal wage contracts chosen by those households that receive permis-

sion to reset their wages in the labor market in period t, while ΠC,t ≡ PC,t

PC,t−1
.

Similar conditions hold for J-type households:

Nt (j) = ND
t (j) , ∀j (102)

NJ,t = sJ,tN
D
J,t (103)

where:

sJ,t ≡ 1
sHω

∫ sH

sH(1−ω)

(
Wt (j)
WJ,t

)−ηJ

dj (104)

is a measure of the degree of dispersion across the differentiated labor varieties j.25

Finally, total supply of the composite labor bundle equals total demand by firms in tradables
25The measure of degree of dispersion across the differentiated labor varieties j evolves in a similar fashion to

equation (101).
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and nontradables intermediate sectors:

Nt =
1

sH

(∫ sH

0

ND
t (n)dn +

∫ sH

0

ND
t (h)dh

)
= ND

N,t + ND
T,t = ND

t (105)

Each firm demands capital services to produce its differentiated good. Total demand for capital

services in each sector is obtained by aggregating across firms:

KD
T,t =

1
sH

∫ sH

0

KD
t (h) dh (106)

KD
N,t =

1
sH

∫ sH

0

KD
t (n) dn (107)

Total demand for capital in the economy is therefore:

KD
t ≡ KD

T,t + KD
N,t (108)

The market clearing condition in the rental market for capital services implies that the effective

utilization of capital satisfies:

utKt = KD
t (109)

As for the distribution of profits:

Dt =
1

sH

(∫ sH

0

DH,t (h) dh +
∫ sH

0

DX,t (h) dh +
∫ sH

0

DN,t (n) dn

)
(110)

The equilibrium holdings of domestic government bonds evolve over time according to the fiscal

authority’s budget constraint, reflecting the fiscal authority’s need to issue debt in order to

finance its deficit.

2.6 Net foreign assets position and international relative prices

The market clearing conditions, jointly with the budget constraints of the households and the

fiscal authority, imply the following aggregate resource constraint:

PY,tYt = PC,t (Ct + Γv,t) + PI,t (It + Γu (ut)Kt) + PG,tGt +
∑

CO 6=H

sCO

sH
SH,CO

t PH,CO
X,t IMCO,H

t

−
∑

CO 6=H

PH,CO
IM,t IMH,CO

t (111)
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where:

Γv,t ≡
∫ sH(1−ω)

0

Γv (vt (i))Ct (i) di +
∫ sH

sH(1−ω)

Γv (vt (j)) Ct (j) dj (112)

and imports of country H from country CO are:

IMH,CO
t ≡ IMC,CO

t

1− ΓH,CO
IMC

(
IMC,CO

t /QC
t

)

ΓH,CO†
IMC

(
IMC,CO

t /QC
t

) + IM I,CO
t

1− ΓH,CO
IMI

(
IM I,CO

t /QI
t

)

ΓH,CO†
IMI

(
IM I,CO

t /QI
t

) (113)

The Home holdings of foreign bonds (that is, the Home economy’s net foreign asset position),

denominated in foreign currency, evolve according to:

R∗−1
t B∗

t+1 = B∗
t +

TBH
t

SH,US
t

(114)

where TBH
t stands for the Home economy’s trade balance:

TBH
t ≡

∑

CO 6=H

sCO

sH
SH,CO

t PH,CO
X,t IMCO,H

t −
∑

CO 6=H

PH,CO
IM,t IMH,CO

t (115)

The Home bilateral terms of trade are defined as the domestic price of imports relative to the

price of exports, both expressed in Home currency:

TOTH,CO
t ≡ PH,CO

IM,t

SH,CO
t PH,CO

X,t

(116)

The Home bilateral real exchange rate is defined as the CPI of country CO relative to the CPI

of country H, both expressed in Home currency:

RERH,CO
t ≡ SH,CO

t PCO
C,t

PH
C,t

(117)

The Home effective real exchange rate is computed as the geometric weighted average of bilateral

real exchange rates with a double-weighting scheme:26

REERH
t ≡

∏

CO 6=H

(
RERH,CO

t

)νH,CO

(118)

26The construction of the indexes follows the BIS methodology. See Buldorini, Makrydakis and Thimann (2002)
and Turner and Van’t dack (1993).
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The parameter νH,CO is the overall weight of the bilateral real exchange rate between country

H and country CO. It is a combination of the export weight νH,CO
X and import weight νH,CO

IM :

νH,CO =
PH

X,t XH
t

PH
IM,t IMH

t + PH
X,t XH

t

νH,CO
X +

PH
IM,t IMH

t

PH
IM,t IMH

t + PH
X,t XH

t

νH,CO
IM (119)

PH
IM,t IMH

t ≡
∑

CO 6=H

PH,CO
IM,t IMH,CO

t (120)

XH
t ≡

∑

CO 6=H

sCO

sH
IMCO,H

t (121)

PH
X,t XH

t ≡
∑

CO 6=H

sCO

sH
SH,CO

t PH,CO
X,t IMCO,H

t (122)

νH,CO
X =

XH,CO
t

XH
t

SH,CO
t PCO

Y,t Y CO
t

SH,CO
t PCO

Y,t Y CO
t +

∑
K 6={CO,H} SH,K

t PK
X,t XK,CO

t

+
∑

K 6={CO,H}

XH,K
t

XH
t

SH,CO
t PCO

X,t XCO,K
t

PK
Y,t Y K

t +
∑

J 6=K SH,J
t P J

X,t XJ,K
t

(123)

νH,CO
IM = SH,CO

t

PCO
X,t IMH,CO

t

PH
IM,t IMH

t

(124)

Note that the export weight νH,CO
X (equation 123) captures both direct and third-market com-

petition (the second term in the equation 123). The import weight (equation 124) measures the

competition between the country CO and other exporters to H.

3 Calibration

Tables 1 to 7 summarize the (quarterly) calibration of the model. We set parameter values

according to the empirical evidence or existing literature on NAWM and GEM. We calibrate

the model to Germany (Home country), rest of the euro area (REA), United States (US) and

rest of the world (RW). Germany and rest of the euro area share the monetary policy and the

nominal exchange rate against third countries, consistently with the monetary union framework.

We choose Germany because it is the largest economy of the euro area.

Table 1 reports preference and technology parameters. Preferences are the same across house-

hold types and regions. We set the discount factor, the habit persistence parameter, the in-

tertemporal elasticity of substitution and the Frisch elasticity respectively to 0.9926 (implying
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a steady-state annualized real interest rate of about 3 percent), 0.70, 1 and 0.50. We set the

quarterly depreciation rate of capital to 0.025, consistent with an annual depreciation rate of 10

percent and the share of J-type households to 0.25 in each region.

For the production side, there is a bias toward capital of 0.3 in the Cobb-Douglas production

functions of tradable and nontradable intermediate goods. As for the final goods baskets, the

degree of substitutability between domestic and imported tradables is higher than that between

tradables and nontradables, consistent with existing literature. In particular, we set the elasticity

of substitution between tradables and nontradables to 0.5 while the elasticity between domestic

and imported tradables to 2.5.27 The biases towards the tradable bundle in the consumption

and investment baskets are equal respectively to 0.45 and 0.75 in each region of the euro area,

respectively to 0.35 and 0.75 in the US and rest of the world. The weight of domestic tradable

goods in the consumption and investment tradable baskets is different across countries, to be

coherent with multilateral import-to-GDP ratios.

Table 2 reports the implied great ratios.28 We set region sizes to match the share of world

GDP. We calibrate the net foreign asset position of each economy to match the corresponding

data.29

Markups in the euro area nontradables sector (that can be thought as a proxy for the services

sector) and labor market are higher than the corresponding values in the US and rest of the world

(see Table 3). In all regions the markup in the tradables sector (that can be thought as a proxy

for the manufacturing sector) has the same value and the markup in the nontradables sector is

higher than that in the labor market. Specifically, the net price markup in Germany and rest

of the euro area is 20 percent in the tradables sector, 30 percent in the labor market and 50

per cent in the nontradables sector. In the US and the rest of the world we set these markups

respectively to 20, 16 and 28 percent.30

Table 4 reports nominal and real rigidities. We set Calvo price parameters in the domestic

tradables and nontradables sector to 0.92 (12.5 quarters) in the euro area, consistently with

estimates by Christoffel, Coenen and Warne (2008) and Smets and Wouters (2003). Correspond-
27Note that the short-run elasticity for imported goods is lower because of adjustment costs on imports. Num-

bers are consistent with Bayoumi, Laxton and Pesenti (2004).
28National accounts data are from the European Commission AMECO database.
29Given the calibrated import shares, net foreign asset position and international interest rate, the steady-state

trade balance and real exchange rate level endogenously adjust.
30The chosen values are consistent with estimates from Martins, Scarpetta and Pilat (1996), suggesting that

the degree of competition in the nontradable sector is lower than in the tradable sector. Also, these values are in
line with other similar studies, such as Bayoumi, Laxton and Pesenti (2004), Faruqee, Laxton and Muir (2007)
and Everaert and Schule (2008).
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ing nominal rigidities outside the euro area are equal to 0.75, implying an average frequency

of adjustment equal to 4 quarters, in line with Faruqee, Laxton and Muir (2007). Calvo wage

parameters and price parameters in the export sector are equal to 0.75 in all the regions. The

indexation parameters on prices and wages are equal respectively to 0.50 and 0.75, so to get suf-

ficiently hump-shaped response of wages and price. For real rigidities, we set adjustment costs

on investment changes to 6 in the euro area and to 4 in the case of the US and rest of the world;

and adjustment costs on consumption and investment imports to 2 and 1, respectively. We set

weights of bilateral imports (Table 5) to match the trade matrix reported in Table 6.31 Finally,

Table 7 reports parameters in the monetary rules and fiscal rules. The interest rate reacts to

the its lagged value (inertial component of the monetary policy), annual inflation and quarterly

output growth. In the monetary union, monetary policy reacts to euro area wide variables. For

fiscal rules, lump-sum taxes stabilize public debt. Steady-state ratios of government debt over

output are equal to 2.40 in all the regions (0.6 in annual terms). Consistently with the empirical

evidence (see Coenen, MacAdam and Straub, 2008), steady state tax rates on consumption and

labor income are respectively equal to 0.183 and 0.122 in the euro area; and to 0.077 and 0.154

outside the euro area. We set the tax rate on capital income to match the investment-to-output

ratio. The rates on social contributions paid by firms are equal to 0.219 in the euro area and

0.071 outside the euro area while those paid by households are equal to 0.118 and 0.071 in the

euro area and outside the euro area, respectively.

4 Simulations

In what follows we report the effects of several shocks to show the main transmission channels

operating in EAGLE. Specifically, a monetary policy shock in the euro area, an array of Home

shocks, a shock to the euro area nominal exchange rate and, finally, a shock to extra-euro

area aggregate demand. The model can be simulated under perfect foresight using TROLL or,

equivalently, DYNARE codes.

4.1 Monetary policy shock

Figures 1a-1d show the implications of a monetary policy shock in the euro area. The shock is

such that there is an initial decline in the (annualized) short-term nominal interest rate of about

31The trade matrix is calibrated using Eurostat and IMF trade statistics.
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100 basis points.

As shown in Figure 1a, in the Home economy the associated reduction in the (ex-ante) real

interest rate stimulates consumption and investment by I-type households. Firms increase labor

demand to satisfy higher aggregate demand. Both hours worked and real wages increase. In the

case of J-type households, the higher real wage income stimulates higher consumption. Aggregate

consumption and labor closely follow I-type households corresponding variables, whose share in

the population is relatively high. Higher aggregate demand favors an increase in both tradables

and nontradables production. The strong increase in investment, whose tradable component is

relatively high, implies that tradables production expands more than nontradables production.

Overall, Home real output increases up to a maximum of 0.7 percent five quarters after the shock,

while the annualized CPI inflation rate increases up to 0.4 p.p. a year after the shock.

For trade variables, the lower interest rate favors the depreciation of the nominal (and real)

exchange rate. The terms of trade improve, because of the real exchange rate depreciation

and the local currency pricing assumption.32 The Home trade balance-to-GDP ratio initially

improves, as the real exchange rate depreciation induces an increase in the domestic currency

value of exports. Subsequently, it deteriorates, because in the short run imports closely track

aggregate demand and are rather insensitive to changes in relative prices, given the assumption

of the low elasticity of substitution between domestic and imported tradable goods.33

Figure 1b reports the effects of the shock in the rest of the euro area. They are rather

similar to those obtained in the Home economy, both qualitatively and quantitatively. Figures

1c and 1d report the bilateral trade variables of the Home economy and the rest of the euro

area, respectively. Bilateral intra-euro area imports increase slightly more than extra-euro area

bilateral imports and exports, as the euro area aggregate demand (in particular the investment

component) is biased towards euro area tradables. However, the increase in intra-euro area

imports is less persistent than the increase in imports from the rest of the world and the US.

Their relative prices increase in the medium term because of the high level of economic activity

in the euro area. As a consequence, households in the euro area gradually substitute extra-euro

area tradables for those produced in the euro area. For international relative prices, the change

in bilateral real exchange rate between the two euro area regions, which corresponds to the CPI
32In all Figures, an increase in the real exchange rate represents a depreciation, while an increase in the terms

of trade represents a worsening.
33The short-run elasticity of imports with respect to relative prices is lower than the corresponding long-run

value because of the adjustment costs on imports.
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inflation differential, is smaller than the changes in the bilateral real exchange rates against the

US and the rest of the world. Specifically, the inflation rate in the rest of the euro area increases

(slightly) more than in the Home country, because the lower interest rate stimulates investment,

which is relatively biased towards domestically produced goods. As a consequence, the inflation

rate of goods produced in the rest of the euro area increases, driving up the CPI inflation.

Consistently, the terms of trade of the rest of the euro area against the Home country improve,

albeit by a rather small amount. Similarly, given the local currency pricing assumption and

the nominal (and real) exchange rate depreciation, the Home and rest of the euro area bilateral

terms of trade against the US and the rest of the world improve.

4.2 Home government spending shock

Figures 2a-2d show the effects of an exogenous rise in the Home government spending equal to one

percent of ex-ante GDP. The persistence of the shock is equal to 0.90. Higher government spend-

ing induces an immediate expansion of output by roughly 1 percent, while inflation increases, by

almost 0.1 percentage points three periods after the shock. Households aggregate consumption

decreases to a small extent, for two reasons. First, the presence of liquidity-constrained (J-type)

households. Differently from I-type households, they are not subject to the negative wealth

effect associated to the higher government spending, but benefit from the higher real wage in-

come. Hence their consumption increases. The second reason is that the negative wealth effect

on unconstrained household consumption is partially compensated by the positive intertempo-

ral substitution effect associated to the lower real interest rate in the Home region. The latter

decreases because the nominal interest rate, that reacts to euro area wide inflation and output

growth, does not increase as much as Home inflation does. The increase in aggregate demand

stimulates labor demand and hence hours worked and real wage. Capital and labor move from

the tradables sector, whose output decreases, to nontradables sector, whose output increases

because public expenditure is fully biased towards nontradables. The increase in demand for

nontradables favors the appreciation of the Home real exchange rate. The Home terms of trade

improve, because the increase in the marginal cost of production is partially passed-through into

higher prices.34 The higher demand and the real exchange rate appreciation favor the decrease

in the trade balance-to-GDP ratio. In the rest of the monetary union (Figure 2b), output ba-

34The higher demand for capital and labor drives up the rental rate of capital and wages, and, as a consequence,
production costs of tradables.
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sically does not move after the shock but afterwards slightly decreases. The real exchange rate

depreciation and the terms of trade deterioration favor the increase in global demand for rest

of the euro area tradables, whose production slightly increases. Capital and labor in the rest of

the euro area move from the nontradables to the tradables sector. Consistently, the nontradable

output decreases. The trade balance moves into surplus, albeit only slightly. Both aggregate

consumption and investment slightly decrease, so to that there is enough saving to contribute to

finance the Home economy’s trade deficit.

Figure 2c and 2d report bilateral trade variables of Home economy and the rest of the euro

area, respectively. The Home bilateral real exchange rates appreciate and the Home terms of

trade improve, driven by the increase in public sector demand. Consistently, all bilateral exports

decrease, while imports slightly increase on impact and then decrease. Households in the rest

of the world and in the US substitute domestic and rest of the euro area tradables for Home

tradables, because the former are cheaper than the latter. As such extra-euro area net exports

of the rest of the euro area region increase, albeit only slightly. The bilateral exchange rates of

the rest of the euro area depreciate, given the decrease in domestic demand, while the terms of

trade against the US and the rest of the world slightly improve on impact.

4.3 Markup shock in the Home nontradables sector

Figures 3a-3d show the implications of a transitory markup shock in the nontradables sector of

the Home country. The shock is normalized to (roughly) get a one per cent maximum increase

in Home output. Its persistence is 0.90.

Given the reduction in the markup, firms in the nontradables sector expand their output.

Tradables production increases as well, as nontradables and tradables are complement goods

(the elasticity of substitution between tradables and nontradables is calibrated to a rather low

value). Higher production leads firms to increase demand for inputs, so hours worked and capital

accumulation increase, pushing up the real wage and the rental rate of capital (not shown).

The relative price and inflation rate of nontradables decrease and, given the high weight of the

nontradable goods in the consumption basket, the CPI inflation decreases as well. The Home

real interest rate increases, because the monetary union nominal interest rate decreases less than

Home inflation. However, both consumption and investment increase, driven by the relatively

cheap price of nontradables. The excess supply of nontradables induces a depreciation of the

real exchange rate. The latter limits the decrease in net exports, driven by higher imports. The
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rest of the monetary union (Figure 3b), which is the main trade partner of the Home country,

is positively affected by the lower nominal interest rate and the depreciation of its real exchange

rate. Both variables positively impact on the level of aggregate demand and economic activity.

For bilateral trade variables (Figure 3c), Home imports increase, while exports decrease, as

higher Home marginal costs of producing both tradables and nontradables imply a loss of Home

competitiveness. The Home terms of trade, consistently, improve. Rest of the euro area exports

and imports increase (Figure 3d). Rest of euro area exports increase in the short term because

cheaper than the Home tradables, while imports augment because of higher aggregate demand

in the rest of the euro area. The rest of the euro area bilateral real exchange rates depreciate,

driven by the excess supply of goods in the euro area. The rest of the euro area bilateral terms

of trade improve, as global demand for rest of euro area tradables increases.

4.4 Markup shock in the Home tradables sector

Figures 4a-4d show the effects of a transitory markup shock in the tradables sector of the Home

country. The shock is normalized to get a roughly one per cent maximum increase in Home

output. Its persistence is 0.90.

As for the nontradable price markup shock, the complementarity between tradables and

nontradables implies that production increases in both sectors. Differently from the case of

nontradables price markup shock, Home inflation increases, driven by the higher production

costs (demand for labor and capital increase driving up input prices) and by the higher price of

nontradables, whose share in the CPI is relatively high. As a consequence, the real interest rate

decreases, further stimulating consumption and investment. The former increases also because

J-type households augment their consumption, as their labor income increases following the

higher labor demand.

Differently from the case of nontradable markup shock, there is now excess demand for

nontradables, that induces a real exchange rate appreciation. Higher aggregate demand and the

real appreciation induce a decrease in the trade balance-to-GDP ratio. The rest of the monetary

union (Figure 4b) reduces the production of domestic tradables, that have become relatively

more expensive than Home tradables. Overall, output in the rest of the euro area decreases.

Investment benefits from the lower price of imports from the Home country, while consumption

of I-type households is negatively affected by the higher real interest rate (the CPI inflation

rate is negative, because of the decrease in the aggregate demand for domestic goods). J-type
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households consumption, to the contrary, increases, taking advantage of the higher real wage

income.

For bilateral trade variables (Figures 4c and 4d), Home country exports and imports increase,

the former more than the latter. Home imports increase because of the higher Home aggregate

demand.

The Home real exchange rate appreciates against all other countries because of the increased

demand for nontradables, while the terms of trade deteriorate, because of the high tradables

supply. Rest of the euro area exports and imports respectively to and from the U.S. and the

rest of the world decrease, given that both have become relatively expensive with respect to the

Home tradables. The rest of the euro area real exchange rate appreciates against the US and

the rest of the world, consistently with the higher aggregate demand for goods produced in the

euro area. The terms of trade against US and the rest of the world deteriorate on impact.

4.5 Markup shock in the Home labor market

Figures 5a-5d show the implications of a transitory markup shock in the labor market of the

Home country. The shock is normalized to get a (roughly) one per cent maximum increase in

Home output. Its persistence is 0.90.

I-type households benefit from higher profits from domestic firms ownerships. The associ-

ated positive income effect favor an increase in consumption and a decrease in hours worked.

Firms substitute J-type households’ hours worked for I-type households’ hours worked. As a

consequence, in equilibrium the J-type real wages increase, while I-type real wages decrease.

Higher J-type labor income drives up consumption. Firms increase production of both tradables

and nontradables. The Home CPI inflation decreases, driving up the Home real interest rate.

The latter partially attenuates the increase in consumption. Both consumption and investment

increase, driving down the trade balance-to-GDP ratio. The real exchange rate depreciates and

the terms of trade deteriorate, consistently with the Home excess supply of goods. Figure 5b

shows the spillovers to the rest of the euro area. The high level of Home economic activity slightly

improves the rest of the euro area trade balance and, hence, production and income. Aggregate

demand and inflation increase. The latter drives down the real interest rate, further stimulating

aggregate demand.

Figure 5c reports Home trade variables. Home exports increase towards all markets, given

that they are relatively cheap (the excess supply translates into the real depreciation and deteri-
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oration of the bilateral exchange rate and terms of trade, respectively). Home imports increase

as well, albeit in a smooth manner, thanks to higher aggregate demand. Rest of the euro area

trade variables (Figure 5d) show an increase in imports from all countries and a decrease in

exports toward US and the rest of the world, as the worldwide demand shifts towards cheaper

Home tradables. To the opposite, exports toward the Home region increase. The real exchange

rate depreciates against US and rest of the world, so to absorb the excess supply of goods pro-

duced in the euro area. The terms of trade improve, consistently with the local currency pricing

assumption and the exchange rate depreciation.

4.6 Risk premium shock

Figures 6a-6d show the effects of a shock to the risk-premium on US currency-denominated assets

paid by the Home and the rest of the euro area. The shock is calibrated to induce on impact a

depreciation of the euro against the core currency (the US dollar) by roughly two percent in real

terms (one percent for the real effective exchange rate). The persistence of the shock is set to

0.90.

The effects on the two regions of the euro area are rather symmetric.35 The higher risk

premium paid to undertake an international financial position in US dollar induces I-type house-

holds in the euro area to postpone consumption and investment and increase saving. Consistently

with higher exports (see later), tradables production in the euro area increases. To the opposite,

production of nontradables decreases, consistently with lower consumption and investment. On

impact real wages decrease while hours worked increase, as the negative wealth effect associated

the exchange rate depreciation induce households to increase labor supply. Home and rest of

the euro area trade balances move towards surplus. For bilateral trade variables (Figure 6c and

6d), Home and rest of the euro area exports increase towards the US and the rest of the world,

while imports decrease, as the expenditure-switching effect associated to the real exchange rate

depreciation induces world demand to shift towards euro area tradables. Consistently, and given

the assumption of local currency pricing, the Home and rest of the euro area terms of trade

improve. Note that the Home real exchange rate and terms of trade respectively depreciates and

deteriorate against the rest of the euro area. The reason is the stronger increase in rest of the

euro area demand for domestic goods, driven by the relatively higher degree of home bias.
35The effects are also qualitatively and quantitatively similar to those obtained in the NAWM, see Christoffel,

Coenen and Warne (2008).
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4.7 Shock to rest of the world consumption preferences

Figure 7a and 7b show the effects of a preference (i.e. demand) shock outside the euro area, that

drives up both the US and rest of the world outputs by around one percent. The persistence of

the shock is set to 0.90. Qualitatively, the shock has rather similar effects on both Home and

rest of the euro area regions. There is a positive impact on the trade balance. The production of

tradables increases in the euro area, while the production of nontradables decreases. The overall

effect on euro area output is expansionary. In both regions of the monetary union the shock

induces a reduction in consumption and investment to make room for loans to US and rest of

the world households, whose aggregate demand has increased. To the contrary, hours worked

increase to sustain the higher level of production. Home and rest of the euro area real effective

exchange rates depreciate, while the terms of trade, differently from the case of the risk premium

shock, deteriorate. The reason is that aggregate demand in the US and in the rest of the world

is biased towards goods produced outside the euro area. For bilateral trade variables (Figure 7c

and 7d), there is an increase in euro area exports toward the US and the rest of the world while

imports decline, as the bilateral relative prices (against US and the rest of the world) deteriorate.

Intra-euro area exports decrease, because of the lower aggregate domestic demand in both Home

and rest of the euro area regions.

5 Conclusions

The monetary union dimension of the euro area has potentially deep implications for the trans-

mission of shocks originating in the euro area or abroad. Spillovers related to changes in relative

prices and to the common monetary policy can be sizeable, and, as a consequence, call for ap-

propriate stabilization policy measures. This paper has outlined a model, EAGLE, aimed at

analyzing these issues. Its large scale, jointly with its microfoundations, allows to properly an-

alyze the spillovers in the euro area. In other terms, EAGLE allows to conduct a quantitative

analysis in a theoretically coherent and fully consistent model setup, clearly spelling out all the

policy implications. The model can be improved along several dimensions, that can be crucial for

further understanding the transmission of spillovers in the euro area. For example, the financial

structure is relatively simple. It could be made more complex by adding financial frictions, such

as borrowing constraints and a financial accelerator. Other real rigidities can also be added, for

example the labor market setup could be based on a search model. Or, finally, the assumption
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of rational expectations could be relaxed, by introducing some kind of gradual learning. These

issues and their policy implications constitute an exciting research agenda.
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Table 1: Households and Firms Behavior

Home REA US RW

Households
Discount factor (β) 1.03−

1
4 1.03−

1
4 1.03−

1
4 1.03−

1
4

Intertemporal elasticity of substitution (σ−1) 1.00 1.00 1.00 1.00
Inverse of the Frisch elasticity of labor (ζ) 2.00 2.00 2.00 2.00
Habit persistence (κ) 0.70 0.70 0.70 0.70
Share of J-type households (ω) 0.25 0.25 0.25 0.25
Depreciation rate (δ) 0.025 0.025 0.025 0.025

Intermediate-good firms (trad. and nontrad. sectors)
Substitution btw. labor and capital 1.00 1.00 1.00 1.00
Bias towards capital (α) 0.30 0.30 0.30 0.30
Substitution btw. I-type and J-type labor (η) 4.33 4.33 4.33 4.33

Final consumption-good firms
Substitution btw. domestic and imported trad. goods (µTC) 2.50 2.50 2.50 2.50
Bias towards domestic tradables goods (vTC) 0.31 0.21 0.65 0.58
Substitution btw. tradables and nontradables (µC) 0.50 0.50 0.50 0.50
Bias towards tradable goods (vC) 0.45 0.45 0.35 0.35

Final investment-good firms
Substitution btw. domestic and imported trad. goods (µTI) 2.50 2.50 2.50 2.50
Bias towards domestic tradables goods (vTI) 0.42 0.75 0.70 0.54
Substitution btw. tradables and nontradables (µI) 0.50 0.50 0.50 0.50
Bias towards tradable goods (vI) 0.75 0.75 0.75 0.75

Note: REA=Rest of Euro Area; US=United States; RW=Rest of World
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Table 2: Steady-State National Accounts (Ratio to GDP, Percent)

Home REA US RW

Domestic demand
Private consumption 60 60 63 64
Private investment 20 20 20 20
Public consumption 20 20 16 16

Trade
Imports (total) 28 24 11 15
Imports of consumption goods 18 20 7 9
Imports of investment goods 9 4 4 6
Net foreign assets (ratio to annual GDP) 10 -3.75 -15 10

Production
Tradables 38 39 37 37
Nontradables 61 61 63 63
Labor 52 52 59 59

Share of World GDP 7 16 30 46

Note: REA=Rest of Euro Area; US=United States; RW=Rest of World

Table 3: Price and Wage Markups (Implied Elasticities of Substitution)

Tradables (θT ) Nontradables (θN ) Wages (ηI = ηJ )
Home 1.20 (6.0) 1.50 (3.0) 1.30 (4.3)
REA 1.20 (6.0) 1.50 (3.0) 1.30 (4.3)
US 1.20 (6.0) 1.28 (4.6) 1.16 (7.3)
RW 1.20 (6.0) 1.28 (4.6) 1.16 (7.3)

Note: REA=Rest of Euro Area; US=United States; RW=Rest of World
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Table 4: Real and Nominal Rigidities

Home REA US RW

Adjustment costs
Imports of consumption goods (γIMC ) 2.00 2.00 2.00 2.00
Imports of investment goods (γIMI ) 1.00 1.00 1.00 1.00
Capital utilization (γu2) 2000 2000 2000 2000
Investment (γI) 6.00 6.00 4.00 4.00
Transaction cost function (γv1) 0.029 0.029 0.029 0.029

(γv2) 0.15 0.15 0.15 0.15
Intermediation cost function (γB∗) 0.01 0.01 ... 0.01

Calvo parameters
Wages - households I and J (ξI and ξJ) 0.75 0.75 0.75 0.75
Prices - domestic tradables (ξH) and nontradables (ξN ) 0.92 0.92 0.75 0.75
Prices - exports (ξX) 0.75 0.75 0.75 0.75

Degree of indexation
Wages - households I and J (χI and χJ) 0.75 0.75 0.75 0.75
Prices - domestic tradables (χH) and nontradables (χN ) 0.50 0.50 0.50 0.50
Prices - exports (χX) 0.50 0.50 0.50 0.50

Note: REA=Rest of Euro Area; US=United States; RW=Rest of World

Table 5: International Linkages (Parameters of Tradable Bundles)

Home REA US RW

Consumption-good imports
Substitution btw. consumption good imports (µIMC) 2.50 2.50 2.50 2.50
Bias towards imported consumption goods from (vH,CO

IMC )
Home - 0.211 0.061 0.155
REA 0.546 - 0.135 0.462
US 0.053 0.021 - 0.383
RW 0.401 0.768 0.804 -

Investment-good imports
Substitution btw. investment good imports (µIMI) 2.50 2.50 2.50 2.50
Bias towards imported investment goods from (vH,CO

IMI )
Home - 0.697 0.064 0.149
REA 0.546 - 0.112 0.400
US 0.053 0.134 - 0.451
RW 0.401 0.169 0.824 -

Note: REA=Rest of Euro Area; US=United States; RW=Rest of World
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Table 6: International Linkages (Trade Matrix, Share of Domestic GDP, Percent)

Home REA US RW

Consumption-good imports
Total consumption good imports 18.4 20.1 7.3 8.6
Bias towards imported consumption goods from
Home - 3.1 0.3 1.1
REA 8.7 - 0.8 3.5
US 1.2 0.5 - 4.0
RW 8.5 16.6 6.2 -

Investment-good imports
Total investment good imports 9.3 3.7 4.2 6.3
Bias towards imported investment goods from
Home - 2.2 0.2 0.7
REA 4.4 - 0.4 2.2
US 0.6 0.7 - 3.4
RW 4.3 0.8 3.6 -

Note: REA=Rest of Euro Area; US=United States; RW=Rest of World

Table 7: Monetary and Fiscal Policy

Home REA US RW

Monetary authority
Inflation target (Π

4
) 1.02 1.02 1.02 1.02

Interest rate inertia (φR) 0.87 0.87 0.87 0.87
Interest rate sensitivity to inflation gap (φΠ) 1.70 1.70 1.70 1.70
Interest rate sensitivity to output growth (φY ) 0.10 0.10 0.10 0.10
Fiscal authority
Government debt-to-output ratio (BY ) 2.40 2.40 2.40 2.40
Sensitivity of lump-sum taxes to debt-to-output ratio (φBY

) 0.10 0.10 0.10 0.10
Consumption tax rate (τC) 0.183 0.183 0.077 0.077
Dividend tax rate (τD) 0.00 0.00 0.00 0.00
Capital income tax rate (τK) 0.19 0.19 0.16 0.16
Labor income tax rate (τN ) 0.122 0.122 0.154 0.154
Rate of social security contribution by firms (τWf ) 0.219 0.219 0.071 0.071
Rate of social security contribution by households (τWh) 0.118 0.118 0.071 0.071

Note: REA=Rest of Euro Area; US=United States; RW=Rest of World
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Figure 1a. Reduction in the euro area interest rate – Effects on Home region

0 10 20 30 40
0

0.5

1
GDP

0 10 20 30 40
−0.5

0

0.5

1
Tradable Output

0 10 20 30 40
0

0.5

1
Nontradable Output

0 10 20 30 40
0

0.5

1
Consumption

Total
I−type
J−type

0 10 20 30 40
−1

0

1

2
Investment

0 10 20 30 40
−0.2

0

0.2
Trade Balance/GDP

0 10 20 30 40
−0.5

0

0.5

1
Hours Worked

Total
I−type
J−type

0 10 20 30 40
−0.5

0

0.5
CPI Inflation

0 10 20 30 40
0

0.2

0.4
Real Wage

Total
I−type
J−type

0 10 20 30 40
−1

0

1
Real Exch. Rate and Terms of Trade

RER (+=depr)
ToT (+=deter.)

0 10 20 30 40
−2

−1

0

1
Nominal Interest Rate

0 10 20 30 40
−2

−1

0

1
Real Interest Rate

Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.



52
ECB
Working Paper Series No 1195
May 2010

Figure 1b. Reduction in the euro area interest rate – Effects on rest of euro area
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 1c. Reduction in the euro area interest rate – Effects on Home trade variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 1d. Reduction in the euro area interest rate – Effects on rest of euro area trade variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 2a. Positive Home public expenditure shock – Domestic effects

0 10 20 30 40
−0.5

0

0.5

1
GDP

0 10 20 30 40
−1

−0.5

0
Tradable Output

0 10 20 30 40
−1

0

1

2
Nontradable Output

0 10 20 30 40
−0.5

0

0.5
Consumption

Total
I−type
J−type

0 10 20 30 40
−0.5

0

0.5
Investment

0 10 20 30 40
−0.1

0

0.1
Trade Balance/GDP

0 10 20 30 40
−1

0

1

2
Hours Worked

Total
I−type
J−type

0 10 20 30 40
−0.1

0

0.1
CPI Inflation

0 10 20 30 40
−0.2

0

0.2
Real Wage

Total
I−type
J−type

0 10 20 30 40
−0.5

0

0.5
Real Exch. Rate and Terms of Trade

RER (+=depr)
ToT (+=deter.)

0 10 20 30 40
0

0.02

0.04
Nominal Interest Rate

0 10 20 30 40
−0.1

0

0.1
Real Interest Rate

Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 2b. Positive Home public expenditure shock – Effects on rest of euro area
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 2c. Positive Home public expenditure shock – Effects on Home trade variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 2d. Positive Home public expenditure shock – Effects on rest of euro area trade variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 3a. Negative markup shock in the Home nontradables sector – Domestic effects
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 3b. Negative markup shock in the Home nontradables sector – Effects on rest of euro
area
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 3c. Negative markup shock in the Home nontradables sector – Effects on Home trade
variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 3d. Negative markup shock in the Home nontradables sector – Effects on rest of euro
area trade variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 4a. Negative markup shock in the Home tradables sector – Domestic effects
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 4b. Negative markup shock in the Home tradables sector – Effects on rest of euro area
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 4c. Negative markup shock in the Home tradables sector – Effects on Home trade variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 4d. Negative markup shock in the Home tradables sector – Effects on rest of euro area
trade variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 5a. Negative markup shock in the Home labor market – Domestic effects
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 5b. Negative markup shock in the Home labor market – Effects on rest of euro area
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 5c. Negative markup shock in the Home labor market – Effects on Home trade variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 5d. Negative markup shock in the Home labor market – Effects on rest of euro area trade
variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 6a. Positive external risk premium shock in the euro area – Effects on Home economy
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 6b. Positive external risk premium shock in the euro area – Effects on rest of euro area
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 6c. Positive external risk premium shock in the euro area – Effects on Home trade
variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.



74
ECB
Working Paper Series No 1195
May 2010

Figure 6d. Positive external premium shock in the euro area – Effects on rest of euro area trade
variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 7a. Positive consumption shock in US and rest of the world – Effects on Home economy
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.



76
ECB
Working Paper Series No 1195
May 2010

Figure 7b. Positive consumption shock in US and rest of the world – Effects on rest of euro area
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 7c. Positive consumption shock in US and rest of the world – Effects on Home trade
variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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Figure 7d. Positive consumption shock in US and rest of the world – Effects on rest of euro area
trade variables
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Horizontal axis: quarters. Vertical axis: percentage deviations from the baseline, except for inflation and

interest rates (annualized percentage-point deviations), and the trade balance-to-GDP ratio (percentage-

point deviations). GDP and its components are reported in real terms.
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A Appendix - List of equations

In what follow we report the main equations of the Home country block, organized as follows.

First, we show the equations of representative households, firms and policy authorities. Second,

we report the corresponding aggregate variables. Third, we show the market clearing conditions

for goods and assets. Fourth, we report some definitions. Finally, we briefly illustrate the

monetary union setup. All variables, including the aggregate ones, are expressed in per capita

terms. All variables, if not otherwise stated, refer to the Home country. In case of ambiguity

(typically in the case of bilateral trade variables), we explicitly insert the index H for Home

variables. Similar equations holds for the other countries.

A.1 Household I

• utility function

UI,t ≡ 1− κ

1− σ

(
CI,t − κCI,t−1

1− κ

)1−σ

− 1
1 + ζ

(NI,t)
1+ζ + βUI,t+1 (A.1)

• consumption Lagrange multiplier

ΛI,t =

(
CI,t−κCI,t−1

1−κ

)−σ

1 + τC
t + Γv (vI,t) + Γ′v (vI,t) vI,t

(A.2)

• bond euler equations

βRtEt

[
ΛI,t+1

ΛI,t
Π−1

C,t+1

]
= 1 (A.3)

βRUS
t

(
1− ΓB∗

(
SH,US

t B∗
t+1

PY,tYt
; rpt

))
Et

[
ΛI,t+1

ΛI,t
(ΠC,t+1)

−1 SH,US
t+1

SH,US
t

]
= 1 (A.4)

ΓB∗CO

(
SH,US

t B∗
t+1

PY,tYt
; rpt

)
≡ γB∗

(
exp

(
SH,US

t B∗
t+1

PY,tYt
−B∗

Y

)
− 1

)
− rpt (A.5)

• money holdings euler equation

βEt

[
ΛI,t+1

ΛI,t
Π−1

C,t+1

]
= 1− v2

I,tΓ
′
v (vI,t) (A.6)

vI,t =

(
1 + τC

t

)
PC,tCI,t

MI,t
(A.7)
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Γv (vI,t) ≡ γv,1vI,t + γv,2v
−1
I,t − 2

√
γv,1γv,2 (A.8)

Γ′v (vI,t) ≡ γv,1 − γv,2v
−2
I,t (A.9)

• physical capital accumulation

KI,t+1 = (1− δ)KI,t +
(

1− ΓI

(
II,t

II,t−1

))
II,t (A.10)

ΓI

(
II,t

II,t−1

)
≡ γI

2

(
II,t

II,t−1
− 1

)2

(A.11)

Γ′I

(
II,t

II,t−1

)
≡ γI

(
II,t

II,t−1
− 1

)
/II,t−1 (A.12)

• capital capacity utilization

RK,t = Γ′u (uI,t)PI,t (A.13)

Γu (uI,t) =
(1/β − 1 + δ) q − δτkPI

(1− τk)PI

(uI,t − 1) +
γu,2

2
(uI,t − 1)2 (A.14)

Γ′u (uI,t) =
(1/β − 1 + δ) q − δτkPI

(1− τk)PI

+ γu,2 (uI,t − 1) (A.15)

• investment in physical capital FOC

PI,t

PC,t
= QI,t

(
1− ΓI

(
II,t

II,t−1

)
− Γ′I

(
II,t

II,t−1

)
II,t

)

+βEt

[
ΛI,t+1

ΛI,t
QI,t+1Γ′I

(
II,t+1

II,t

)
I2
I,t+1

II,t

]
(A.16)

• physical capital FOC

QI,t = βEt

[
ΛI,t+1

ΛI,t

[
(1− δ) QI,t+1 +

((
1− τK

t+1

) RK,t+1

PC,t+1
uI,t+1

+
(
τK
t+1δ −

(
1− τK

t+1

)
Γu (uI,t+1)

) PI,t+1

PC,t+1

)]]
(A.17)

• wage FOC

(
W̃I,t

PC,t

)1+ζηI

=
ηI

ηI − 1
fI,t

gI,t
(A.18)
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fI,t =
(

WI,t

PC,t

)ηI(1+ζ) (
ND

I,t

)(1+ζ)
+ βξIEt




(
ΠC,t+1

ΠχI

C,tΠ
1−χI

)ηI(1+ζ)

fI,t+1


 (A.19)

gI,t = ΛI,t

(
1− τN

t − τWh
t

) (
WI,t

PC,t

)ηI

ND
I,t + βξIEt




(
ΠC,t+1

ΠχI

C,tΠ
1−χI

)ηI−1

gI,t+1


 (A.20)

WI,t =
[
ξI

(
(ΠC,t−1)

χI Π
1−χI

WI,t−1

)1−ηI

+ (1− ξI)
(
W̃I,t

)1−ηI
] 1

1−ηI

(A.21)

ΠC,t ≡ PC,t

PC,t−1
(A.22)

A.2 Household J

• utility function

UJ,t ≡ 1− κ

1− σ

(
CJ,t − κCJ,t−1

1− κ

)1−σ

− 1
1 + ζ

(NJ,t)
1+ζ + βUJ,t+1 (A.23)

• budget constraint

(
1 + τC

t + Γv (vJ,t)
)
PC,tCJ,t + MJ,t + ΦJ,t

=
(
1− τN

t − τWh
t

)
WJ,tN

D
J,t + TRJ,t − TJ,t + MJ,t−1 (A.24)

• consumption Lagrange multiplier

ΛJ,t =

(
CJ,t−κCJ,t−1

1−κ

)−σ

1 + τC
t + Γv (vJ,t) + Γ′v (vJ,t) vJ,t

(A.25)

• money holding euler equation

βEt

[
ΛJ,t+1

ΛJ,t
Π−1

C,t+1

]
= 1− Γ′v (vJ,t) v2

J,t (A.26)

vJ,t =

(
1 + τC

t

)
PC,tCJ,t

MJ,t
(A.27)

Γv (vJ,t) ≡ γv,1vJ,t + γv,2v
−1
J,t − 2

√
γv,1γv,2 (A.28)

Γ′v (vJ,t) ≡ γv,1 − γv,2v
−2
J,t (A.29)
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• wage FOC (
W̃J,t

PC,t

)1+ζηJ

=
ηJ

ηJ − 1
fJ,t

gJ,t
(A.30)

fJ,t =
(

WJ,t

PC,t

)ηJ (1+ζ) (
ND

J,t

)(1+ζ)
+ βξJEt




(
ΠC,t+1

ΠχJ

C,tΠ
1−χJ

)ηJ (1+ζ)

fJ,t+1


 (A.31)

gJ,t = ΛJ,t

(
1− τN

t − τWh
t

) (
WJ,t

PC,t

)ηJ

ND
J,t + βξJEt




(
ΠC,t+1

ΠχJ

C,tΠ
1−χJ

)ηJ−1

gJ,t+1


 (A.32)

WJ,t =
[
ξJ

(
(ΠC,t−1)

χJ Π
1−χJ

WJ,t−1

)1−ηJ

+ (1− ξJ)
(
W̃J,t

)1−ηJ
] 1

1−ηJ

(A.33)

A.3 Intermediate goods

• tradables production function

Y S
T,t = ztzT,t

(
KD

T,t

)αT
(
ND

T,t

)1−αT − ψT

if region belongs to the euro area (A.34)

Y S
T,t = zT,t

(
KD

T,t

)αT
(
ND

T,t

)1−αT − ψT

if region does not belong to the euro area (A.35)

• nontradables production function

Y S
N,t = ztzN,t

(
KD

N,t

)αN
(
ND

N,t

)1−αN − ψN

if region belongs to the euro area (A.36)

Y S
N,t = zN,t

(
KD

N,t

)αN
(
ND

N,t

)1−αN − ψN

if region does not belong to the euro area (A.37)

• tradables marginal costs

MCT,t =
1

ztzT,t (αT )αT (1− αT )1−αT

(
RK

t

)αT
((

1 + τ
Wf

t

)
Wt

)1−αT

if region belongs to the euro area (A.38)

MCT,t =
1

zT,t (αT )αT (1− αT )1−αT

(
RK

t

)αT
((

1 + τ
Wf

t

)
Wt

)1−αT

if region does not belong to the euro area (A.39)
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• nontradables marginal costs

MCN,t =
1

ztzN,t (αN )αN (1− αN )1−αN

(
RK

t

)αN
((

1 + τ
Wf

t

)
Wt

)1−αN

if region belongs to the euro area (A.40)

MCN,t =
1

zN,t (αN )αN (1− αN )1−αN

(
RK

t

)αN
((

1 + τ
Wf

t

)
Wt

)1−αN

if region does not belong to the euro area (A.41)

• demand for capital services

RK
t = αT

Y S
T,t + ψT

KD
T,t

MCT,t (A.42)

RK
t = αN

Y S
N,t + ψN

KD
N,t

MCN,t (A.43)

• demand for labor

ND
I,t = (1− ω)

(
WI,t

Wt

)−η

ND
t (A.44)

ND
J,t = ω

(
WJ,t

Wt

)−η

ND
t (A.45)

ND
t =

[
(1− ω)

1
η

(
ND

I,t

) η−1
η + ω

1
η

(
ND

J,t

) η−1
η

] η
η−1

(A.46)

• tradables pricing (domestic market)

P̃HT,t

PHT,t
=

θT

θT − 1
fH,t

gH,t
(A.47)

fH,t = HTt MCT,t + βξH Et


ΛI,t+1

ΛI,t

(
ΠHT,t+1

ΠχH

HT,tΠ
1−χH

)θT

fH,t+1


 (A.48)

gH,t = PHT,t HTt + βξH Et


ΛI,t+1

ΛI,t

(
ΠHT,t+1

ΠχH

HT,tΠ
1−χH

)θT−1

gH,t+1


 (A.49)

PHT,t =
[
ξH

(
ΠχH

HT,t−1Π
1−χH

PHT,t−1

)1−θT

+ (1− ξH)
(
P̃HT,t

)1−θT
] 1

1−θT

(A.50)

ΠHT,t ≡ PHT,t

PHT,t−1
(A.51)



84
ECB
Working Paper Series No 1195
May 2010

• tradables pricing (export)

P̃CO,H
IM,t

PCO,H
IM,t

=
θT

θT − 1
fH,CO

X,t

gH,CO
X,t

, for all CO 6= H (A.52)

fH,CO
X,t = MCT,t

sCO

sH
IMCO,H

t (A.53)

+βξXEt


ΛI,t+1

ΛI,t


 ΠCO,H

IM,t+1(
ΠCO,H

IM,t

)χX

Π
1−χX




θT

fH,CO
X,t+1




for all CO 6= H

gH,CO
X,t = SH,CO

t PCO,H
IM,t

sCO

sH
IMCO,H

t (A.54)

+βξXEt


ΛI,t+1

ΛI,t


 ΠCO,H

IM,t+1(
ΠCO,H

IM,t

)χX

Π
1−χX




θT−1

gH,CO
X,t+1




for all CO 6= H

PCO,H
IM,t =

[
ξX

((
ΠCO,H

IM,t−1

)χX

Π
1−χX

PCO,H
IM,t−1

)1−θT

+ (1− ξX)
(
P̃CO,H

IM,t

)1−θT
] 1

1−θT

for all CO 6= H (A.55)

ΠCO,H
IM,t ≡ PCO,H

IM,t

PCO,H
IM,t−1

(A.56)

• nontradables pricing
P̃NT,t

PNT,t
=

θN

θN − 1
fN,t

gN,t
(A.57)

fN,t = NTt MCN,t + βξN Et


ΛI,t+1

ΛI,t

(
ΠNT,t+1

ΠχN

NT,tΠ
1−χN

)θN

fN,t+1


 (A.58)

gN,t = PNT,t NTt + βξN Et


ΛI,t+1

ΛI,t

(
ΠN,t+1

ΠχN

NT,tΠ
1−χN

)θN−1

gN,t+1


 (A.59)

PNT,t =
[
ξN

(
ΠχN

NT,t−1Π
1−χN

PNT,t−1

)1−θN

+ (1− ξN )
(
P̃NT,t

)1−θN
] 1

1−θN

(A.60)

ΠNT,t ≡ PNT,t

PNT,t−1
(A.61)
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A.4 Final goods

• consumption bundle

QC
t =

[
v

1
µC

C

(
TTC

t

)µC−1
µC + (1− vC)

1
µC

(
NTC

t

)µC−1
µC

] µC
µC−1

(A.62)

NTC
t = (1− vC)

(
PNT,t

PC,t

)−µC

QC
t (A.63)

TTC
t =

[
v

1
µT C

TC

(
HTC

t

)µT C−1
µT C + (1− vTC)

1
µT C

(
IMC

t

)µT C−1
µT C

] µT C
µT C−1

(A.64)

HTC
t = vTC

(
PHT,t

PTT C ,t

)−µT C

TTC
t (A.65)

IMC
t =


 ∑

CO 6=H

(
vH,CO

IMC

) 1
µIMC

(
IMC,CO

t

(
1− ΓH,CO

IMC

(
IMC,CO

t

QC
t

))) µIMC−1
µIMC




µIMC
µIMC−1

with
∑

vH,CO

IMC = 1 (A.66)

IMC,CO
t = vH,CO

IMC


 PH,CO

IM,t

PIMC ,tΓ
H,CO†
IMC

(
IMC,CO

t /QC
t

)


−µIMC

IMC
t

1− ΓH,CO
IMC

(
IMC,CO

t /QC
t

)

for all CO 6= H (A.67)

ΓH,CO
IMC

(
IMC,CO

t

QC
t

)
≡ γIMC

2

(
IMC,CO

t /QC
t

IMC,CO
t−1 /QC

t−1

− 1

)2

(A.68)

ΓH,CO†
IMC

(
IMC,CO

t

QC
t

)
≡ 1−ΓH,CO

IMC

(
IMC,CO

t

QC
t

)
−

(
ΓH,CO

IMC

(
IMC,CO

t

QC
t

))′

IMC,CO
t (A.69)

• investment bundle

QI
t =

[
v

1
µI

I

(
TT I

t

)µI−1
µI + (1− vI)

1
µI

(
NT I

t

)µI−1
µI

] µI
µI−1

(A.70)

NT I
t = (1− vI)

(
PNT,t

PI,t

)−µI

QI
t (A.71)

TT I
t =

[
v

1
µT I

TI

(
HT I

t

)µT I−1
µT I + (1− vTI)

1
µT I

(
IM I

t

)µT I−1
µT I

] µT I
µT I−1

(A.72)
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HT I
t = vTI

(
PHT,t

PTT I ,t

)−µT I

TT I
t (A.73)

IM I
t =


 ∑

CO 6=H

(
vH,CO

IMI

) 1
µIMI

(
IM I,CO

t

(
1− ΓH,CO

IMI

(
IM I,CO

t

QI
t

)))µIMI−1
µIMI




µIMI
µIMI−1

with
∑

vH,CO
IMI = 1 (A.74)

IM I,CO
t = vH,CO

IMI


 PH,CO

IM,t

ΓH,CO†
IMI

(
IM I,CO

t /QI
t

)
PIMI ,t



−µIMI

IM I
t(

1− ΓH,CO
IMI

(
IM I,CO

t /QI
t

))

for all CO 6= H (A.75)

ΓH,CO
IMI

(
IM I,CO

t

QI
t

)
≡ γIMI

2

(
IM I,CO

t /QI
t

IM I,CO
t−1 /QI

t−1

− 1

)2

(A.76)

ΓH,CO†
IMI

(
IM I,CO

t

QI
t

)
≡ 1− ΓH,CO

IMI

(
IM I,CO

t

QI
t

)
−

(
ΓH,CO

IMI

(
IM I,CO

t

QI
t

))′

IM I,CO
t (A.77)

• consumption prices

PC,t =
[
vC

(
PTT C ,t

)1−µC + (1− vC) (PNT,t)
1−µC

] 1
1−µC (A.78)

PTT C ,t =
[
vTC (PHT,t)

1−µT C + (1− vTC)
(
PIMC ,t

)1−µT C
] 1

1−µT C (A.79)

PIMC ,t =




∑

CO 6=H

vH,CO
IMC


 PCO

IM,t

ΓH,CO†
IMC

(
IMC,CO

t /QC
t

)



1−µIMC



1
1−µIMC

(A.80)

• investment prices

PI,t =
[
vI

(
PTT I ,t

)1−µI + (1− vI) (PNT,t)
1−µI

] 1
1−µI (A.81)

PTT I ,t =
[
vTI (PHT,t)

1−µT I + (1− vTI)
(
PIMI ,t

)1−µT I
] 1

1−µT I (A.82)

PIMI ,t =




∑

CO 6=H

vH,CO
IMI


 PCO

IM,t

ΓH,CO†
IMI

(
IM I,CO

t /QI
t

)



1−µIMI



1
1−µIMI

(A.83)
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A.5 Monetary and fiscal authorities

• monetary authority

(
RCO

t

)4
= φCO

R

(
RCO

t−1

)4
+

(
1− φCO

R

) [
R

4
+ φCO

Π

(
ΠCO,4

t −Π
CO,4

)]

+φCO
Y

(
Y grCO

t − 1
)

+ εCO
R,t ,

if region does not belong to the euro area (A.84)

(
REA

t

)4
= φEA

R

(
REA

t−1

)4
+

(
1− φEA

R

) [(
R

EA
)4

+ φEA
Π

(
ΠEA,4

t −Π
EA,4

)]

+φEA
Y

(
Y grEA

t − 1
)

+ εEA
R,t (A.85)

ΠCO,4
t ≡ ΠCO

C,t ΠCO
C,t−1Π

CO
C,t−2Π

CO
C,t−3 (A.86)

• fiscal authority

PNT,tGt + TRt + Bt + Mt−1

= τC
t PC,tCt +

(
τN
t + τWh

t

) 1
sH

(∫ sH(1−ω)

0

Wt (i) Nt (i) di +
∫ sH

sH(1−ω)

Wt (j)Nt (j) dj

)

+τ
Wf

t WtNt + τK
t (Rk,tut − (Γu (ut) + δ)PI,t)Kt

+τD
t Dt + Tt + R−1

t Bt+1 + Mt (A.87)

PNT,tGt ≡ gtPY Y (A.88)

TRt ≡ trtPY Y (A.89)

Tt ≡ ttPY Y (A.90)

tt = φBY

(
Bt

PY Y
−BY

)
(A.91)
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A.6 Aggregate variables

Ct = (1− ω)CI,t + ωCJ,t (A.92)

Mt = (1− ω)MI,t + ωMJ,t (A.93)

Kt = (1− ω)KI,t (A.94)

It = (1− ω) II,t (A.95)

TRt = (1− ω)TRI,t + ωTRJ,t (A.96)

Tt = (1− ω)TI,t + ωTJ,t (A.97)

Γv,t = (1− ω) ΓvI,t (vI,t) + ωΓvJ,t (vJ,t) (A.98)

ND
t = ND

T,t + ND
N,t (A.99)

Dt = (1− ω)DI,t (A.100)

Dt ≡ PY,tY,t − rK
t KD

t −
(
1 + τ

Wf

t

)
WtN

D
t (A.101)

KD
t = KD

T,t + KD
N,t (A.102)

Bt = (1− ω)BI,t (A.103)

B∗
t = (1− ω)B∗

I,t (A.104)

A.7 Market clearing conditions

• final consumption good

QC
t = Ct + Γv,t (A.105)

• final investment good

QI
t = It + Γu (ut) Kt (A.106)

• nontradable intermediate goods

Y S
N,t = sN,tNTt (A.107)

NTt = NTC
t + NT I

t + Gt (A.108)

sN,t = (1− ξN )

(
P̃NT,t

PNT,t

)−θN

+ ξN

(
ΠNT,t

ΠχN

NT,t−1Π
1−χNT

)θN

sN,t−1 (A.109)
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• tradable intermediate goods

Yt = sHT,tHTt +
∑

CO 6=H

(
sCO

sH

)
sCO

X,tIMCO,H
t (A.110)

HTt = HTC
t + HT I

t (A.111)

sHT,t = (1− ξH)

(
P̃HT,t

PHT,t

)−θT

+ ξH

(
ΠHT,t

ΠχH

HT,t−1Π
1−χH

)θT

sHT,t−1 (A.112)

sCO
X,t =

(
1− ξCO

X

)
(

P̃CO
X,t

PCO
X,t

)−θT

+ ξCO
X


 ΠCO

X,t

ΠχCO
X

XCO,t−1
Π

1−χCO
X




θT

sCO
X,t−1 (A.113)

• labor

NI,t = sI,tN
D
I,t (A.114)

NJ,t = sJ,tN
D
J,t (A.115)

sI,t = (1− ξ
I
)

(
W̃I,t

WI,t

)−ηI

+ ξI

(
WI,t

WI,t−1Π
χI

C,t−1Π
1−χI

)ηI

sI,t−1 (A.116)

sJ,t = (1− ξJ )

(
W̃J,t

WJ,t

)−ηJ

+ ξJ

(
WJ,t

WJ,t−1Π
χJ

C,t−1Π
1−χJ

)ηJ

sJ,t−1 (A.117)

• capital services

utKt = KD
t (A.118)

• internationally traded bond

∑

CO

sCOB∗CO
t = 0,

∑

CO

sCO = 1 (A.119)

A.8 Resource constraint, trade balance and net foreign asset position

PY,tYt = PC,tQ
C
t + PI,tQ

I
t + PNT,tGt +

∑

CO 6=H

SH,CO
t PH,CO

X,t XH,CO
t

−
∑

CO 6=H

PH,CO
IM,t IMH,CO

t (A.120)
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IMH,CO
t ≡ IMC,CO

t

1− ΓH,CO
IMC

(
IMC,CO

t /QC
t

)

ΓH,CO†
IMC

(
IMC,CO

t /QC
t

) + IM I,CO
t

1− ΓH,CO
IMI

(
IM I,CO

t /QI
t

)

ΓH,CO†
IMI

(
IM I,CO

t /QI
t

) (A.121)

XH,CO
t ≡ sCO

sH
IMCO,H

t (A.122)

Yt ≡ Y S
T,t + Y S

N,t (A.123)

TBt =
∑

CO 6=H

SH,CO
t PH,CO

X,t IMCO,H
t −

∑

CO 6=H

PH,CO
IM,t IMH,CO

t (A.124)

R∗−1
t−1 B∗

t = B∗
t−1 +

TBt−1

SH,US
t−1

(A.125)

A.9 Relative prices

• bilateral terms of trade

TOTH,CO
t ≡ PH,CO

IM,t

SH,CO
t PH,CO

X,t

, for all CO 6= H (A.126)

• bilateral real exchange rate

RERH,CO
t ≡ SH,COPCO

C,t

PH
C,t

, for all CO 6= H (A.127)

• effective real exchange rate

REERH
t ≡

∏

CO 6=H

(
RERH,CO

t

)νH,CO

(A.128)

νH,CO ≡ PH
X,t XH

t

PH
IM,t IMH

t + PH
X,t XH

t

νH,CO
X +

PH
IM,t IMH

t

PH
IM,t IMH

t + PH
X,t XH

t

νH,CO
IM (A.129)

νH,CO
X ≡ XH,CO

t

Xt

RERH,CO
t PCO

Y,t Y CO
t

RERH,CO
t PCO

Y,t Y CO
t +

∑
K 6={CO,H}RERH,K

t PK
X,t XK,CO

t

+
∑

K 6={CO,H}

XH,K
t

Xt

RERH,CO
t PCO

X,t XCO,K
t

PK
Y,t Y K

t +
∑

J 6=K RERH,J
t P J

X,t XJ,K
t

(A.130)

νH,CO
IM ≡ RERH,CO

t

PCO
X,t IMH,CO

t

PH
IM,t IMH

t

(A.131)

PH
IM,tIMH

t ≡ PC
IM,tIMC

t + P I
IM,tIM I

t (A.132)
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XH
t ≡

∑

CO 6=H

sCO

sH
IMCO,H

t (A.133)

PH
X,t XH

t ≡
∑

CO 6=H

sCO

sH
RERH,CO

t PH,CO
X,t IMCO,H

t (A.134)

PH
IM,t IMH

t ≡
∑

CO 6=H

PH,CO
IM,t IMH,CO

t (A.135)

• bilateral exchange rate depreciation (real terms)

RERDEPH,CO
t ≡ RERH,CO

t

RERH,CO
t−1

(A.136)

• bilateral exchange rate depreciation (nominal terms)

NERDEPH,CO
t ≡ SH,CO

t

SH,CO
t−1

≡ RERDEPH,CO
t

πH
C,t

πCO
C,t

(A.137)

Euro area variables

CEA
t ≡ sREAPC

REA
CREA

t + sHS
H,REA

PC
H

CH
t

sREA + sH
(A.138)

IEA
t ≡ sREAPI

REA
IREA
t + sHS

H,REA
PI

H
IH
t

sREA + sH
(A.139)

Y EA
t ≡ sREAP

REA

Y Y REA
t + sHS

H,REA
PY

H
Y H

t

sREA + sH
(A.140)

MEA
t ≡ sREAMREA

t + sHMH
t

sREA + sH
(A.141)

B∗EA
t ≡ sREAB∗REA

t + sHB∗H
t

sREA + sH
(A.142)

XEA
t ≡

∑

CO={REA,H}

∑

K={US,RW}

sH

sREA + sH

S
K,REA

S
K,H

PIMK,CO
(
IMCK,CO

t + IMIK,CO
t

)

(A.143)

IMEA
t ≡

∑

CO={REA,H}

∑

K={US,RW}

sCO

sREA + sH

(
IMCCO,K

t + IMICO,K
t

)
(A.144)

ΠEA,4
t ≡

(
PH

C,t

PH
C,t−4

) sH

sH+sREA
(

PREA
C,t

PREA
C,t−4

) sREA

sH+sREA

(A.145)
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Conditions for calibration and reporting

RRt − 1 =
Rt

Πt+1
− 1 (A.146)

CYt ≡ PC,tCt

PY,tYt
(A.147)

IYt ≡ PI,tIt

PY,tYt
(A.148)

IMCYt ≡
PIMC ,tIMC

t

PY,tYt
(A.149)

IM IYt ≡
PIMI ,tIM I

t

PY,tYt
(A.150)

IMYt ≡
PIMC ,tIMC

t + PIMI ,tIM I
t

PY,tYt
(A.151)

BYt ≡ Bt

PY Y
(A.152)

TYt ≡ Tt

PY Y
(A.153)

Y gapt ≡ Yt

Y
− 1 (A.154)

Y grt ≡
Yt

Yt−1
(A.155)

Y sharet ≡
sHPY,t

Yt

RERt∑
sCOPCO

Y,t
Y CO

t

RERCO
t

(A.156)

Autoregressive shocks

ln (zT,t) = (1− ρzT
) ln (zT ) + ρzT

ln (zT,t−1) + εzT ,t (A.157)

ln (zN,t) = (1− ρzN
) ln (zN ) + ρzN ln (zN,t−1) + εzN ,t (A.158)

ln (zt) = (1− ρz) ln (z) + ρz ln (zt−1) + εz,t (A.159)

gt = (1− ρg) g + ρggt−1 + εg,t (A.160)

trt = (1− ρtr) tr + ρtrtrt−1 + εtr,t (A.161)

τC
t = (1− ρτC ) τC + ρτC τC

t−1 + ετC ,t (A.162)
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τD
t = (1− ρτD ) τD + ρτDτD

t−1 + ετD,t (A.163)

τK
t = (1− ρτK ) τK + ρτK τK

t−1 + ετK ,t (A.164)

τN
t = (1− ρτN ) τN + ρτN τN

t−1 + ετN ,t (A.165)

τWh
t = (1− ρτWh ) τWh + ρτWh τWh

t−1 + ετWh ,t (A.166)

τ
Wf

t =
(
1− ρτWf

)
τWf + ρτWf τ

Wf

t−1 + ετWf ,t (A.167)

rpt = ρRP rpt−1 + εRP
t (A.168)

A.10 The monetary union setup

In EAGLE the euro area is a two-region monetary union. We call one region Home, the other

rest of the euro area. As such, the two regions should share a common nominal interest rate and

nominal exchange rate against third countries. Moreover, the nominal exchange rate between

Home and rest of the euro area should be constant. Consistently, we do the following assumptions:

(a) Home and rest of the euro area trade a one-period riskless bond issued by the Home region,

BEA, denominated in the Home currency and paying a gross interest rate REA; (b) the rest

of the euro area pays a transaction cost on BEA; (c) the latter cost also applies to rest of the

euro area domestic bonds, that are traded only in the rest of the euro area, are denominated in

domestic (rest of the euro area) currency and pay the gross interest rate RREA. We have that

the following equations hold in the rest of the euro area (respectively the FOC from holding

bonds BEA, the definition of the transaction costs, the FOC from holding domestic bonds):

βREA
t

(
1− ΓBEA

(
SREA,H

t BEA,REA
t+1

PREA
Y,t Y REA

t

))
Et

[
ΛREA

I,t+1

ΛREA
I,t

(
ΠREA

C,t+1

)−1 SREA,H
t+1

SREA,H
t

]
= 1 (A.169)

ΓBEA

(
SREA,H

t BEA,REA
t+1

PREA
Y,t Y REA

t

)
≡ γBEA

(
exp

(
SREA,H

t BEA,REA
t+1

PREA
Y,t Y REA

t

−BEA,REA
Y

)
− 1

)
(A.170)

βRREA
t

(
1− ΓBEA

(
SREA,H

t BEA,REA
t+1

PREA
Y,t Y REA

t

))
Et

[
ΛREA

I,t+1

ΛREA
I,t

(
ΠREA

C,t+1

)−1

]
= 1 (A.171)

Moreover (assumption d), the rest of the euro area monetary policy authority sets the interest

rate so that the nominal exchange rate against the Home currency is constant (peg regime):
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SREA,H
t

SREA,H
t−1

= 1 (A.172)

Finally (assumption e), the monetary policy in the Home country sets the interest rate by

reacting to a weighted average of Home and rest of euro area inflation and output growth rates

(see equation A.85). Assumption (a) implies that for the rest of the euro area an uncovered

interest parity, linking the interest rate differential between Home and rest of euro area to the

expected (next period) bilateral exchange rate depreciation, holds. So for the rest of the euro area

two uncovered interest parity conditions hold. One condition determines the nominal exchange

rate changes against the US dollar. The other determines the nominal exchange rate changes

against the euro (assumed to be the Home currency). Assumption (b) guarantees the stationarity

of the model. Assumption (a), (b), (c), and (d) imply, through the uncovered interest parity

condition, that the Home and rest of the euro area interest rates are equal (RH = RREA = REA)

and simultaneously that the bilateral nominal exchange rate between Home and rest of the euro

area is constant. As such, variations in the Home and rest of the euro area nominal exchange

rates against third countries are the same. The assumption (e) allows to stabilize the monetary

union economy. Finally, as the bond BEA is traded only in the euro area, the following market

clearing condition holds:

sHBEA,H
t + sREABEA,REA

t = 0 (A.173)
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