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Abstract

We build up and estimate a two-region DSGE model of the Euro area, investigating the
interactions between the peripheral countries (PIIGS) and the rest of EMU. Our main focus
is on the 2008-2009 �nancial crisis and on the subsequent 2010-crisis. One striking result is
that both crisis periods have been mainly caused by demand shocks in the core Euro area
countries, whereas region-speci�c permanent technology shocks explain most of output growth
slowdown in the PIIGS countries. The model predicts that, absent productivity-enhancing
reforms, the accumulated output and productivity gaps between the two regions will persist
even when the adverse cyclical conditions are reversed.
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1 Introduction

Following the 2008-2009 �nancial crisis, the sovereign bond crisis severely hit the �peripheral�
members of the Euro area countries (Portugal, Ireland, Italy, Greece and Spain, PIIGS henceforth).
The most striking feature of the crisis was the apparent disintegration of EMU �nancial markets
(Christiansen, 2014; Sensoy et al., 2015) and the large interest rate spreads in the PIIGS countries,
that were also characterized by a sudden contraction in growth and by dramatic increases in
unemployment rates in these countries. All this raised concerns of a possible breakup of the Euro
area.
The sovereign bond crisis was triggered by disclosure of hitherto hidden public de�cits in Greece

and by fears of contagion, but it has also been described as a sudden stop in �nancial �ows that
caused, among other things, a collapse in the risk-sharing mechanism between PIIGS and the rest
of the Eurozone (Kalemli-Ozcan et al., 2014). As pointed out by De Grauwe (2013), this might
have been caused by self-ful�lling expectation of EMU breakup. A complementary view emphasizes
the role of underlying balance of payments problems (Giavazzi and Spaventa (2011); Lane, 2012).
As a matter of fact, in peripheral countries the early EMU years had been characterized by large
capital in�ows, decline in domestic real interest rate, real exchange rate appreciation. This could
be seen as part of the catching up process triggered by monetary integration (Blanchard and
Giavazzi, 2002), but after 2010, in the context of globally deteriorated business cycle conditions,
the accumulated real exchange rate appreciations signaled fragility and impossibility to recover
the pre-2007 growth rates (Lane, 2012).
The crisis triggered a controversy about which policies should be implemented to restore growth.

European institutions and policymakers in the core EMU countries called for a combination of �scal
retrenchment (austerity) and e¢ ciency-enhancing reforms in the PIIGS region. Critics argued
that reforms may have contractionary short-run e¤ects, especially if the nominal interest rate
is constrained at the zero lower bound, and that austerity would dampen an already depressed
domestic demand in the periphery (See Eggertsson et al. 2014, and references cited therein).
We build up and estimate a medium-scale two-region Euro area model, i.e. PIIGS countries

and the rest of Euro area countries (CORE countries). This allows us both to estimate the
structural interdependence between the regions, and to identify the shocks that caused PIIGS
contractions in economic activity during the 2008-2009 and post-2010 crises. One may expect
this model to answer questions which are crucial to understand the nature of the crisis and to
identify policies that promote regional convergence. Did the disruption of EMU �nancial markets
actually contribute to the slowdown in PIIGS economic activity? Was the crisis driven by demand
shocks that brought down consumption and investments in peripheral region, or was it determined
by an underlying deterioration in productivity growth? Finally, which role was played by �scal
policies before and during the crisis? To this end we consider a number of region-speci�c supply
and demand shocks. Supply shocks include standard temporary technology shocks and shocks
to the productivity growth trend, entailing permanent variations in relative productivity levels
between the PIIGS and the CORE countries. Non-policy demand shocks include shocks to the
households subjective discount factor, "risk premium" shocks driving a wedge between the return
on capital accruing to the households and the price of capital services paid by �rms, and a standard
investment-speci�c shock. In addition to that, we account for alternative characterizations of
the possibly (dis)integrated EMU �nancial market, incorporating shocks that impair risk-sharing
between households of the two regions. Our model does not explicitly model �nancial frictions,
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but the richness of the shocks structure should allow to capture the transmission channels of the
so called sovereign bond crisis.
According to our estimates, temporary disruptions to the risk-sharing mechanism that operates

through the EMU �nancial market have potentially large contractionary e¤ects in the periphery,
entailing a persistent fall in investment, output and in�ation. However, our variance and historical
decompositions of output growth suggest that this shock had minimal e¤ects. In addition, on the
grounds of the obtained marginal data densities, the model speci�cation accounting for permanent
productivity shocks is strongly preferred to the alternative speci�cations, including the one based
on �nancial market shocks.
Historical decomposition of growth suggests that the output response to the 2008-2009 �nancial

crisis, quantitatively similar in the two regions, was in fact caused by di¤erent types of shocks. As
in Albonico et al. (2014), the interest rate policy had common contractionary e¤ects, but in the
core region demand shocks were more important than in the PIIGS, where the main determinants
were permanent and temporary supply shocks. The post-2010 period, when the PIIGS experienced
slower recovery and then deeper recession, is mainly explained by adverse permanent technology
shocks in the periphery and by demand shocks in the CORE region.
Finally, public consumption shocks played a negligible role throughout the EMU years, implying

that the post-2008 deterioration in �scal indicators such as the public-consumption-to-GDP ratio
was driven by non-policy shocks. A crucial di¤erence exists between the two regions. In the CORE
countries the deterioration of �scal indicators was mainly caused by temporary shocks, whereas
in the PIIGS region permanent shocks were a key driver, so that one cannot expect their reversal
when the economy recovers.
The paper is organized as follows. Section 2 describes the model, section 3 introduces the

estimation strategy and section 4 presents the results. Section 5 is an expanded discussion of
implications for the EMU system of economic governance.

2 The monetary union model1

We assume there are two regions in the European monetary union, respectively corresponding
to PIIGS countries (size s) and to the rest of the Euro area, or core region (size 1 � s). Each
region produces both non-tradable and tradable di¤erentiated goods. Tradable good produced in
the PIIGS and core regions are respectively indexed by H and F . As in Rabanal (2009), there is
no price discrimination across regions, i.e. the law of one price holds. In what follows our focus
is on the PIIGS region, as the core region is characterized symmetrically. When needed, variables
and parameters referring to the core region are marked by an asterisk.
In each country there is a continuum of households indexed by i. A share 1� � of households

(Ricardian households, i = o) can access �nancial markets, trade government bonds, accumulate
physical capital and rent capital services to �rms. The remaining � households (Non-Ricardian or
LAMP households, i = rt) do not have access to �nancial markets and consume all their disposable
labor income.
Each household supplies a continuum of size s of di¤erentiated labor inputs that �rms demand

1The Appendix contains more details about the equations and the speci�cations of the model.
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hit =

8<:
�
1

s

� �wt
1+�wt

Z s

0

�
hit (j)

� 1
1+�wt dj

9=;
1+�wt

(1)

Demand for labor type j is

hjt =

 
W j
t

Wt

!� 1+�wt
�wt

hdt (2)

where W j
t is type j nominal wage and Wt =

h
1
s

R s
0

�
W j
t

� 1
�wt dj

i�wt
is the aggregate nominal wage

index.

2.1 Preferences

Households preferences are characterized by non separability between consumption and labor e¤ort
(Smets and Wouters, 2005, 2007):

U it
�
cit; h

i
t

�
=

1

1� �

 
cit

c�t�1

!1��
exp

�
� � 1
1 + �l

�
hit
�1+�l� (3)

where cit =
Cit
zt
and ct = Ct

zt
are individual and total real consumption levels normalized by a

labour-augmenting non-stationary technology shifter zt. The presence of zt in 3 guarantees that
the model has a balanced growth path when productivity is non stationary.
Parameter 0 < � < 1 measures the degree of external habit in consumption. As in Albonico et

al. (2014, 2015), our speci�cation is based on habits in ratios.2

The small open economy model with incomplete asset markets features a steady state that
depends on initial conditions. In addition, equilibrium dynamics has a random walk component.

2.2 Production

In each region, perfectly competitive �rms produce the consumption good Ct and a �nal investment
good, QIt , using tradable (C

T
t ,Q

I;T
t ) and nontradable (CNt ,Q

I;N
t ) intermediate goods. Tradables

incorporate domestic (CHt , Q
I;H
t ) and imported (CFt , Q

I;F
t ) tradable intermediate goods as inputs.

Thee goods are produced by monopolistically competitive �rms. Brands of tradable goods are
indexed by h 2 [0; s] in the domestic region and by f 2 [s; 1] in the foreign region. Indexes
n 2 [0; s] and n� 2 [s; 1] identify the corresponding notation for nontradable goods .

2The habits-in-ratio speci�cation limits the possibility that a non-negligible share of non-Ricardian households
causes indeterminacy. In empirical DSGE model the existence of a relatively large indeterminacy region may bias
posterior estimates. See Albonico et al. (2014 and 2015), for an extended dicussion.
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CHt =

24�1
s

� �
p;H
t

1+�
p;H
t

sZ
0

CHt (h)
1

1+�
p;H
t dh
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p;H
t

(4)

CFt =

24� 1
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� �
p;F
t

1+�
p;F
t
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s

CFt (f)
1
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p;F
t df
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t

(5)

QI;Ht =

24�1
s

� �
p;H
t

1+�
p;H
t

sZ
0

QI;Ht (h)
1

1+�
p;H
t dh

351+�
p;H
t

(6)

QI;Ft =

24� 1

1� s

� �
p;F
t

1+�
p;F
t

1Z
s

QI;Ft (f)
1

1+�
p;F
t df

351+�
p;F
t

(7)

CNt =

24�1
s

� �
p;N
t

1+�
p;N
t

sZ
0

CNt (n)
1

1+�
p;N
t dn

351+�
p;N
t

(8)

QI;Nt =

24�1
s

� �
p;N
t

1+�
p;N
t

sZ
0

QI;Nt (n)
1

1+�
p;N
t dn

351+�
p;N
t

(9)

The composite price indexes are de�ned as:

PNt =

�
1

s

Z s

0

PNt (n)
1

�
p;N
t dn

��p;Nt
(10)

PHt =

�
1

s

Z s

0

PHt (h)
1

�
p;H
t dh

��p;Ht
(11)

P Ft =

�
1

1� s

Z 1

s

P Ft (f)
1

�
p;F
t df

��p;Ft
(12)

where �p;Ht , �p;Ft , �p;Nt denote time-varying net price markups.
The consumption index Ct is de�ned as a CES aggregate of tradable CTt and nontradable goods

CNt :

Ct =
h


1
e
c

�
CTt
� e�1

e + (1� 
c)
1
e
�
CNt
� e�1

e

i e
e�1

(13)

where 
c represents the share of tradable goods in the consumption basket at home, e > 1 is
the elasticity of substitution between tradable and nontradable goods, and CTt is de�ned as

CTt =
h
$

1
�

�
CHt
���1

� + (1�$)
1
�
�
CFt
���1

�

i �
��1
; � > 1 (14)
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The home country consumer price indexes PC;t and P Tt are:

PC;t =
h

c
�
P Tt
�1�e

+ (1� 
c)
�
PNt
�1�ei 1

1�e
(15)

P Tt =
h
$
�
PHt
�1��

+ (1�$)
�
P Ft
�1��i 1

1��
(16)

CES aggregators also de�ne �nal investment goods and the price index of tradables:3

QIt =

�


1
e
i

�
QI;Tt

� e�1
e
+ (1� 
i)

1
e

�
QI;Nt

� e�1
e

� e
e�1

(17)

QI;Tt =

�
$

1
�

�
QI;Ht

���1
�
+ (1�$)

1
�

�
QI;Ft

���1
�

� �
��1

(18)

PI;t =
h

i
�
P Tt
�1�e

+ (1� 
i)
�
PNt
�1�ei 1

1�e
(19)

Pro�ts maximization leads to the following demand functions:

CNt = (1� 
c)
�
PNt
PC;t

��e
Ct (20)

CHt = $
c

�
PHt
P Tt

��� �
P Tt
PC;t

��e
Ct (21)

CFt = (1�$) 
c
�
P Ft
P Tt

��� �
P Tt
PC;t

��e
Ct (22)

QI;Nt = (1� 
i)
�
PNt
PI;t

��e
QIt (23)

QI;Ht = $
i

�
PHt
P Tt

��� �
P Tt
PI;t

��e
QIt (24)

QI;Ft = (1�$) 
i
�
P Ft
P Tt

��� �
P Tt
PI;t

��e
QIt (25)

Total demand for domestically produced intermediate goods is

Y Ht = CHt +Q
I;H
t +

1� s
s

�
CH

�

t +QI;H
�

t

�
(26)

Y Nt = CNt +Q
I;N
t +Gt (27)

where
�
CH

�
t +QI;H

�

t

�
de�nes foreign demand for home tradables and Gt is public consumption

demand which is assumed to fall entirely on nontradables.4

3The home country investment price index PI;t di¤ers from its consumption counterpart PC;t because 
i 6= 
c.
4We also make the standard assumption that Gt and CNt are identically distributed on individual non tradable

goods.
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2.2.1 Intermediate goods

The representative �rm uses the following production technology:

Y intt = "a;intt [uintt K
int
t ]

�int [zth
int
t ]

1��int � zt�int (28)

where int = h, f , n, n�, �int de�nes �xed costs of production, uintt is the degree of capacity
utilization, Kint

t is the capital stock, "a;intt and zt = zt�1gz;t incorporate temporary and permanent
technology shocks modelled as AR(1) processes with i.i.d. Normal innovation terms, �it, �

gz
t :

log
�
"a;intt

�
= (1� �int) log

�
"a;int

�
+ �int log

�
"a;intt�1

�
+ �intt (29)

log (gz;t) =
�
1� �gz

�
log (gz) + �gz log (gz;t�1) + �

gz
t (30)

Firms pro�ts are de�ned as

P intt Y intt �Rkt uintt Kint
t �

�
1 + �wf

�
Wth

int
t (31)

where �wf is a payroll tax. The nominal marginal cost is:

MCintt = ���intint (1� �int)�(1��int)
�
"a;intt

��1
z
�(1��int)
t

�
Rkt
��int ��

1 + �wf
�
Wt

�1��int (32)

Price setting Prices are sticky à la Calvo (1983). Firms optimally reset their price with
probability

�
1� �intp

�
. Non-optimizing �rms adopt the standard indexation scheme:

P intt = �
�intp

int;t�1��
1��intp

t P intt�1 (33)

where ��t is the monetary union trend in�ation rate and �int;t =
P intt

P intt�1
is the sectorial in�ation

rate.
The �rst order condition for the optimizing �rm is:

Et

1X
k=0

�
�intp
�s
�t;t+kY

int
t+k

24 ~P intt �
�intp

N;t;t+k�1��
1��intp

t;t+k

PC;t+k
�
�
1 + �p;intt+k

�MCintt+k
PC;t+k

35 = 0 (34)

where Y intt+k de�nes total demand for goods produced in the sector, �t;t+s is the stochastic
discount factor to be de�ned below and

�int;t;t+k�1 =

�
1 for k = 0

�int;t � �int;t+1 � ::: � �int;t+k�1 for k = 1; 2::::
(35)

��t;t+k =

�
1 for k = 0

��t � ��t+1 � ::: � ��t+k for k = 1; 2::::
(36)

The sectorial price index is:

P intt =

��
1� �intp

� �
~P intt

� 1

�
p;int
t + �intp

�
�
�intp

int;t�1��
1��intp

t P intt�1

� 1

�
p;int
t

��p;intt

(37)
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Note that price-setting decisions are a¤ected by shocks to the elasticity of substitution across
goods, that we characterize as net markup shocks, assumed to follow an AR(1) process with i.i.d.
Normal error term:

log
�
�p;intt

�
=
�
1� �p;int

�
log
�
�p;int

�
+ �p;int log

�
�p;intt�1

�
+ �p;intt (38)

2.3 Labor market

In the country-speci�c labor market j, a monopolistic union sets the nominal wage W j
t , taking

as given �rms�demand labor input j. At the given nominal wage, households supply the amount
of labor that �rms demand. This, in turn, is uniformly split across households, who supply an
identical amount of labor services, ht = hit as in Colciago (2011).
Wages are staggered à la Calvo (1983). Union j receives permission to optimally reset the

nominal wage with probability (1� �w). Non-optimizing unions adjust the wage according to the
following scheme:

W j
t = gz;t�

�w
C;t�1��

1��w
t W j

t�1 (39)

where �t =
PC;t
PC;t�1

is the gross rate of consumer price in�ation in the region.
Following Colciago (2011), we assume that optimizing unions maximize a weighted average

(1� �, �) of the two households types�utility functions:5

max
~W j
t

Et

1X
k=0

(�w�)
k �(1� �)U ot �cot+k; hot+k�+ �U rtt �crtt+k; hrtt+k�	 (40)

subject to the budget constraints 47, 48 (to be de�ned below) and to

hit+k =
1

s
hdt+k

Z s

0

 
~W j
t gz;t;t+k�

�w
C;t;t+k�1��

1��w
t;t+k

Wt+k

!� 1+�wt+k
�w
t+k

dj (41)

where:

�C;t;t+k�1 =

�
1 for k = 0
�C;t�C;t+1:::�C;t+k�1 for k = 1; 2::::

(42)

��t;t+k is de�ned by 36 and gz;t;t+k =
kQ
k=1

gz;t+k.

Then, the �rst order condition of union is:

0 = Et

1X
s=0

(�w�)
s "ctc

�(��1)
t+s�1 exp

�
� � 1
1 + �l

(ht+s)
1+�l

�
hjt+s � (43)

�

8<: ~W j
t
(1�� l��wh)gz;t;t+s��wC;t;t+s�1��

1��w
t;t+s

(1+�c)PC;t+szt+s

�
1� 1+�wt+s

�wt+s

� h
(1� �)

�
cot+s

���
+ �

�
crtt+s

���i
+
1+�wt+s
�wt+s

h
(1� �)

�
cot+s

���
MRSot+s + �

�
crtt+s

���
MRSrtt+s

i
9=;

5Uot , U
rt
t are characterized in (3)
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where
MRSit = c

i
th
�l
t ; i = o; rt (44)

The aggregate wage index is

Wt =

�
�w

�
gz;t�

�w
C;t�1��

1��w
t Wt�1

� 1
�wt + (1� �w)

�
~Wt

� 1
�wt

��wt
(45)

Note that we incorporate wage markup shocks, because �wt is assumed to follow an AR(1) process
with i.i.d. Normal error term:

log (�wt ) = (1� �w) log (�w) + �w log
�
�wt�1

�
+ �wt (46)

2.4 Non-Ricardian households

Non-Ricardian households consume their current disposable income

(1 + � c)PC;tC
rt
t =

�
1� � l � �wh

�
Wtht + TR

rt
t (47)

where � c, � l, �wh, TRrtt respectively denote consumption and labor income tax rates, social con-
tributions levied on labor incomes and public transfers.

2.5 Ricardian households

Ricardian households allocate their resources between consumption Cot , investment in physical
capital Iot , in public bonds B

o
t+1 and in a portfolio of �nancial assets At. Their budget constraint

is:

(1 + � c)PC;tC
o
t + PI;tI

o
t + At +B

o
t+1 = At�1 +Rt�1B

o
t +

�
1� � l � �wh

�
W o
t h

o
t +D

o
t (48)

+
�
1� � k

� � Rkt
"bt�1

uot � a (uot )PI;t
�
Ko
t + �

k�PI;tK
o
t + TR

o
t � T ot

where PI;t is the price of investment, Ko
t is the physical capital stock, D

o
t are dividends and

uot de�nes capacity utilization. TR
o
t are transfers of Ricardian households and T

o
t are lump-sum

taxes. "bt is a risk premium shock that creates a wedge between the return on capital accruing
to the households and the price of capital paid by �rms.6 It is assumed to follow a �rst-order
autoregressive process with an i.i.d. Normal error term:

log
�
"bt
�
= (1� �b) log

�
"b
�
+ �b log

�
"bt�1

�
+ �bt (49)

The capital accumulation equation is:

Ko
t+1 = (1� �)Ko

t + "
i
t

�
1� S

�
Iot
Iot�1

��
Iot (50)

6A similar kind of shock is introduced in Ratto et al. (2008) and Amano and Shukayev (2012).
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where � is the depreciation rate and "it denotes an investment-speci�c technology shock that
a¤ects the real price of investment. It is assumed to evolve as an AR(1) process with i.i.d. Normal
innovation term:

log
�
"it
�
= (1� �i) log

�
"i
�
+ �i log

�
"it�1

�
+ �it (51)

The term S
�

Iot
Iot�1

�
represents investment adjustment costs. The standard adjustment costs

function is:

S

�
Iot
Iot�1

�
=

I
2

�
Iot
Iot�1

� gz
�2

(52)

Capital utilization costs are de�ned as in Christiano et al. (2005):

a (uot ) = 
u1 (u
o
t � 1) +


u2
2
(uot � 1)

2 (53)

The Ricardian households maximize

Et

1X
k=0

�t"ct+kU
o
k

�
cot+k; h

o
t+k

�
(54)

with respect to Cot , Bt+1, I
o
t , K

o
t+1, u

o
t , subject to (48), (50), (52) and (53). We de�ne the Lagrange

multipliers associated with 48 and 50 respectively as �ot=PC;t and �
o
tQ

o
t . The �rst order conditions

are:

"ct (c
o
t )
�� c

�(��1)
t�1 exp

�
� � 1
1 + �l

(hot )
1+�l

�
1

zt
= �ot (1 + �

c) (55)

Rt = �C;t+1
�ot
��ot+1

(56)

PI;t
PC;t

= Qot"
i
t

(
1� 
I

�
It
It�1

� gz
�
It
It�1

� 
I
2

�
It
It�1

� gz
�2)

(57)

+�t;t+1Q
o
t+1"

i
t+1
I

�
It+1
It

� gz
��

It+1
It

�2

�t;t+1

��
1� � k

� � Rkt+1
"btPC;t+1

uot+1 �
PI;t+1
PC;t+1

a
�
uot+1

��
+ � k

PI;t+1
PC;t+1

� +Qot+1 (1� �)
�
= Qot (58)

Rkt
"bt�1PC;t

=
PI;t
PC;t

[
u1 + 
u2 (u
o
t � 1)] (59)

�ot represents the shadow price of a unit of consumption good, thus equation (55) shows the
marginal utility of consumption out of income. Qot measures the shadow price of a unit of invest-
ment good and �t;t+1 = �

�ot+1
�ot

is the stochastic discount factor. "ct is a preference shock a¤ecting
the subjective discount factor and evolving according to:
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log ("ct) = (1� �c) log ("c) + �c log
�
"ct�1

�
+ �ct (60)

with �ct � N (0; �2c).
Equations (57) and (58) are the �rst order conditions for investment and capital respectively.

Equation (59) equals the return from capital utilization to its cost. The latter equation implies
that uot is identical across Ricardian households, so that u

o
t = ut. Further, the sectorial degree of

capital utilization is uniform.
To complete the set of �rst order conditions we need to spell out our assumptions about the

functioning of the monetary union �nancial markets.

2.5.1 Integrated �nancial markets

If the monetary union �nancial market are fully integrated, the portfolio At is composed of state-
contingent securities that allow Ricardian households in the two regions to engage in mutual risk
sharing, and of nominally riskless bonds that yield the unique rate of return RECBt . This nominal
rate is in fact controlled by the central bank, see condition (85) below. In each region the standard
Euler equation holds

RECBt = �C;t+1
�ot
��ot+1

= �C�;t+1
(�ot )

�

�
�
�ot+1

�� (61)

With integrated markets, combining the Euler equations in the two countries and iterating back-
ward, we obtain the usual risk sharing condition (see Chari, Kehoe and Mc Grattan (2002)):

P �C;t
PC;t

=
P �C;0
PC;0

�o0
�o;�0

�o;�t
�ot

(62)

Then, de�ning the real e¤ective exchange rate as RERt �
P �C;t
PC;t

we obtain:

RERt = "
rsh
t �

�o;�t
�ot

(63)

where � de�nes initial conditions. Condition (63) implies that Ricardian households in the two
region, by trading state-contingent assets At, commit themselves to international transfer schemes
that allow smooth relative consumption levels unless a variation occurs in their relative price
RER. The additional term "rsht is a shock meant to capture temporary disruptions in the Euro
area �nancial market, which impair risk sharing.

log
�
"rsht
�
= (1� �rsh) log

�
"rsh
�
+ �rsh log

�
"rsht�1

�
+ �rsht (64)

Note that our characterization implies that the deviations from full risk sharing a¤ect the relative
growth rate of Ricardian households consumption in the two countries, as in Kalemli-Ozcan et al.
(2014).
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2.5.2 Segmented �nancial markets

The years that preceded EMU inception were characterized by a dramatic fall in interest rate
spreads between Peripheral and core countries in the Euro area. Then, since 2010 spreads material-
ized again in consequence of the EMU disintegration fear, and partly survived to ECB commitment
to undertake all the necessary steps to fend o¤ self-ful�lling speculative attacks. To capture these
facts, we modify our model in order to allow for a possible incompleteness of �nancial markets.
In this case we treat EMU �nancial markets as if they were segmented, assuming that domestic

residents can only trade in domestic bonds whose prices are discounted di¤erently relative to bonds
issued in the foreign region, in analogy with a case discussed in Schmitt-Grohé and Uribe (2003).
The domestic premium is an increasing function of the region foreign debt holdings, NWt. Foreign
resident trade in both domestic and foreign issued bonds. In this case, the Euler equation for
domestic residents is

Rt = �C;t+1
�ot
��ot+1

(65)

where:

Rt =
RECBt

� (NWt; "
rp
t )

(66)

and

� (NWt; "
rp
t ) = exp

�
�b
�
NWt

PC;tYt
� NW

PCY

�
� "rpt

�
(67)

Note that "rpt de�nes a "con�dence" shock following an AR (1) process with a i.i.d. Normal .

log ("rpt ) =
�
1� �rp

�
log ("rp) + �rp log

�
"rpt�1

�
+ �rpt (68)

The law of motion of foreign debt is:

NWt

PC;t
= Rt�1

NWt�1

PC;t�1
+NXt (69)

where NXt stands for domestic net exports (trade balance). As a matter of fact, this charac-
terization di¤ers from the one presented in 2.5.1 because, in addition to shocks, deviations from
full risk sharing are determined by an endogenous mechanism of foreign debt accumulation.

2.6 Aggregation

Ct = �C
rt
t + (1� �)Cot (70)

Kt = (1� �)Ko
t (71)

It = (1� �) Iot (72)

Bt = (1� �)Bot (73)

12



Dt = (1� �)Do
t (74)

TRt = �TR
rt
t + (1� �)TRot (75)

Tt = �T
rt
t + (1� �)T ot (76)

2.7 Market clearing

The following market clearing conditions obtain. Domestic aggregate GDP in terms of consumption
prices:

Yt =
PHt
PC;t

Y Ht +
PNt
PC;t

Y Nt (77)

Capital services:

utKt = u
N
t K

N
t + u

H
t K

H
t (78)

Labor input:

hdt = h
N
t + h

H
t (79)

Labor market:

ht = sW;th
d
t (80)

sW;t =
1

s

Z s

0

 
W j
t

Wt

!� 1+�wt
�wt

dj (81)

Investment goods:

QIt = It + a (ut)Kt (82)

2.8 Government

The domestic government budget constraint is:

PN;tGt +Rt�1B
G
t + TRt =

�
BGt+1 + Tt + �

cPC;tCt +
�
� l + �wh + �wf

�
Wtht+

+� k
�
Rkt ut � (a (ut) + �)PI;t

�
Kt

�
(83)

where tax variables and public transfers are held constant at their steady state values, public
consumption is driven by the stochastic process

log

�
gt � g
y

�
= �G log

�
gt�1 � g
y

�
+ �Gt (84)

where lower case letters stand for variables adjusted for growth, i.e. yt = Yt=Zt.
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2.9 ECB policy

As in Christo¤el, Coenen and Warne (2008), the common monetary authority sets the nominal
interest rate according to the following log-linear Taylor rule:

R̂ECBt = �RR̂
ECB
t�1 +

�
(1� �R)

�
�̂EAt + ��

�
�̂EAt�1 � b��t�+ �yŷEAt �

+

+���
�
�̂EAt � �̂EAt�1

�
+ ��y

�
ŷEAt � ŷEAt�1

�
+ "̂rt

�
(85)

where �̂ �denotes log deviations from steady state. �EAt = PEAt =PEAt�1 is Euro area gross in�ation
rate, which is obtained from PEAt = P sC;t

�
P �C;t

�1�s
, and yEAt = syt + (1� s) y�t is the Euro area

aggregate output, where the in�ation target b��t is stochastic shock:
b��t = ���b��t�1 + ���t (86)

3 Estimation strategy

The model is log-linearized around its steady state and then estimated with Bayesian estimation
techniques. We use 19 time series characterizing PIIGS economies and the rest of the Euro area
countries. In particular, for both groups, we use: real GDP, real private consumption, consumer
price in�ation, real investments, real compensation per employee, total employment, government
spending, nontradables in�ation and nontradables GDP.7 The Euro area short-term nominal in-
terest rate completes the set of observables.8 In�ation has been computed as the log di¤erence
in the price index (overall HICP index for consumer price in�ation and services HICP index for
nontradables in�ation). Output, consumption, investments, wages and government spending are
transformed in log di¤erences; total employment has been detrended with a linear trend. The data
sample is 1996Q2-2013Q3, due to data availability.
Following Christo¤el et al. (2008), the auxiliary equation

êt =
�

1 + �
Etêt+1 +

1

1 + �
êt�1 +

(1� �e) (1� ��e)
(1 + �) �e

�
ĥt � êt

�
(87)

relates the employment variable, et, to the unobserved hours worked variable, ht.9

We include 19 structural shocks. In all our experiments we consider an interest rate shock and
the following country-speci�c shocks: two transitory sectorial TFP shocks (eq.29), a risk premium
shock (eq.49), an investment-speci�c shock (eq.51), a preference shock (eq.60), price and wage
markup shocks (eq.38, 46), and a government spending shock (eq.84). Model A is then closed
assuming a permanent labor-augmenting technology shock common to the Euro area (eq. 30)
and a Central Bank in�ation objective shock (eq.86). In models B and C we remove the in�ation
objective shock and introduce shocks that generate segmentation in the Eurozone �nancial markets
(eq. 63 and 68, respectively). Finally, in model D we remove the in�ation objective shock and
allow for two country-speci�c shocks to the common productivity trend identi�ed in eq. 30.
For non stationary variables we assume a measurement equation of the type:

7Following Kolasa (2009), nontradables in�ation is obtained by services HICP. Following Rabanal (2009), we use
services GDP as a proxy for nontradables GDP.

8We use quarterly data from the Eurostat database. The group series are based on the authors�computations.
9Parameter �e determines the sensitivity of employment with respect to worked hours.
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� lnYt = ŷt � ŷt�1 + 
 + ĝz;t (88)

where 
 = 100(gz�1) denotes a deterministic growth trend common to the real variables while
ĝz;t is the stochastic trend component.10

For in�ation variables, the observation equation is the following:

� lnPt = �t + ��� (89)

where �� = 100(� � 1) is the quarterly steady-state in�ation rate.
With regard to employment variables, we have the following measurement equation:

ln et = êt + e (90)

with e being a constant normalized at zero.
Finally, the nominal interest rate is de�ned as:

lnR�t = R̂
�
t +

�R (91)

with �R = 100(��1gz� � 1), corresponding to the steady state nominal interest rate.

3.1 Calibration and priors

We calibrate a number of parameters (Table 1). The common discount factor � is �xed at 0.9988,
which is consistent with a steady state growth rate of 2% per year (as in Christo¤el et al. 2008)
and a 2:5% real interest rate. Some parameters are calibrated to be equal across countries. In
particular, the steady-state depreciation rate � is 0:025, corresponding to a 10% depreciation rate
per year. The capital shares in each sector of production and country is set at 0:3. The steady state
net price markup is �xed ad 35% in both countries and sectors as well as the steady state wage
markup which is set at 30%. We assume that redistributive transfers between the two households
groups determine a steady state consumption ratio crt=co = 0:8.
The remaining parameters are calibrated using average data over the sample. The size of

PIIGS countries, s, is 35%, as measured by the HICP weights. The share of tradable consumption
goods for the PIIGS (
c) and the rest of the Euro area (


�
c) is set to 0.617 and 0.645 respectively.

These correspond to sample-average shares of goods in the HICP basket. The shares of investment
goods (
i, 


�
i ) are measured by the share of non-construction investments over total investment

expenditures and are set to 0.42 for PIIGS and 0.48 for the rest of the Euro area. We set the share
of home produced goods in the tradable index $ equal to 0:91 for the PIIGS. This is obtained by
subtracting the average ratio between total bilateral imports and GDP from 1. The rest of the
Euro area counterpart, $�, is obtained endogenously through the steady state (and gives a value
of 0.96, which is in line with the data).
The constant tax rates are obtained again from sample average. In particular, � c, � c;� are the

result of the ratio between total indirect tax revenues and consumption expenditures. Similarly, � l,
� l;� correspond to the ratio between total direct taxes of households over total households�wages
and salaries. The capital tax rates � k, � k;� are computed as the ratio between corporate tax revenues
and corporations income. Social security contributions tax rates are obtained from the ratio of

10We allow for a measurement error in nontradables GDP equations.
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total social security contributions over wages and salaries. As a proxy for employees and employers
social security contributions we suppose that 1/3 of contributions are paid by the households while
2/3 of contributions are paid by �rms. We use average ratios for calculating government spending
to GDP and debt to GDP ratios. We derive the di¤erence between aggregate transfers and taxes
to GDP ratios (tr=y � t=y) as a residual from the steady state government budget constraint.

Table 1: Calibration of parameters
parameter value

� 0.9988
�, �� 0.025

�N , �H , �N;� �F 0.3
�p, ��p 0.35
�w, ��w 0.3
crt

co ,
crt;�

co;� 0.8
s 0.3545

c 0.617

�c 0.645

i 0.42

�i 0.48
$ 0.91
� c 0.216
� c;� 0.247
� l 0.233
� l;� 0.219
�k 0.2115
�k;� 0.2095
�wh 0.098
�wh;� 0.109
�wf 0.196
�wf;� 0.219
b
y 0.864*4
b�

y� 0.495*4
g
y 0.185
g�

y� 0.197

The remaining parameters are estimated with Bayesian techniques. Priors, reported in Table
2, are set in line with the literature on Euro area models (see Christo¤el et al. (2008), Smets
and Wouters (2003, 2005), Rabanal (2009), Kolasa (2009)). All the parameters priors are set
symmetrically for the two countries, so that the data can tell about possible asymmetries. In
particular, parameters measuring the persistence of the shocks are set to be Beta distributed, with
mean 0.5 and standard deviation 0.1 and the standard errors of the innovations are assumed to
follow Gamma distributions, similarly to Rabanal (2009). The parameters governing price and
wage setting, habits, utilization elasticity, interest rate smoothing and the steady state fraction of
LAMP are also Beta distributed. The fraction of LAMP �, �� are assumed to be Beta distributed
with mean 0.4 and standard deviation 0.1, in line with the recent results obtained for the Euro
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area by Albonico et al. (2015). We estimate the monetary authority�s long-run (net) quarterly
in�ation objective 100 (�� � 1) assuming a prior mean of 0.5% (2% in annual terms), consistent with
the ECB�s quantitative de�nition of price stability. Also the trend growth rate of the economy is
estimated with a Normal distribution with mean 0.6 (corresponding to 2.4% in annual terms) and
0.1 standard deviation. The priors for the elasticity of substitutions in the consumption indices
(e, �) are set in line with Rabanal (2009) as Normal(1, 0.5) distributions.
Risk aversion, the inverse of Frisch elasticity and the parameters of the Taylor rule are Normally

distributed, whereas the parameter de�ning investment adjustment costs is Gamma distributed.

Table 2: Prior distributions of parameters
parameters shape mean std dev

�
 norm 0.6 0.1
��� norm 0.5 0.1
e, � gamma 1 0.5
�, �� norm 2.5 0.375
�, �� beta 0.6 0.1
�l, �

�
l norm 2.5 0.4

�, �� beta 0.4 0.1

I , 


�
I gamma 4 0.5

�u, ��u beta 0.5 0.15
�Np , �

N;�
p , �Hp , �

F
p beta 0.75 0.1

�Np , �
N;�
p , �Hp , �

F
p beta 0.75 0.1

�w, �
�
w beta 0.75 0.1

�w, �
�
w beta 0.75 0.1

�e, �
�
e beta 0.5 0.15

�r beta 0.9 0.05
�� norm 1.7 0.1
�y norm 0.12 0.05
��y norm 0.063 0.05
��� norm 0.3 0.1

shocks persistences (�) beta 0.5 0.1
�gz, �gz;�, �a;N , �a;H , �a;N;�, �a;F gamma 0.7 0.3

�b, �b;�, �r, ��, �rsh gamma 0.4 0.2
�c, �c;�, �i, �i;�, �w, �w;�, �p, �p;�, �g, �g;� gamma 1 0.5

4 Results

4.1 Posterior estimates

Tables 3 and 4 show the posterior mean estimates of structural parameters and shocks under the
di¤erent speci�cations of the model. The four speci�cations yield fairly similar posterior estimates
for the common parameters, which appear to be well identi�ed.11 Model D is strongly preferred

11Visual diagnostics of the estimation results are available upon request. The posterior distributions are computed
considering 4 Monte Carlo Markov chains of 250,000 draws each, with 20% draws being discarded as burn-in draws.
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on the grounds of the marginal data density (-875), followed by model B (-950).
All models yield a larger posterior estimate for the share of non-Ricardian households in the

core countries region than in the PIIGS region. This result is not entirely new in the literature: Di
Bartolomeo et. al. (2011) �nd a larger fraction of LAMP consumers in France (44%) than in Italy
(9%). These authors argue that it could be due to di¤erences in savings rates and/or to di¤erent
structures of the �nancial markets. We checked the average savings rates for the two group of
countries and we could not �nd such a signi�cant di¤erence between the two regions, indeed the
savings rate is higher in the core countries. More recently, Kaplan et al. (2014) estimated the
fraction of LAMP using survey data. Their theoretical approach is a bit di¤erent from ours. In
fact, they allow for the possibility that the total fraction of LAMP is composed by "poor hand-to-
mouth" consumers, who do not hold any type of assets, and "wealthy hand-to-mouth" consumers,
i.e. consumers holding illiquid assets, such as housing, but whose consumption is still strongly
correlated with their income. They show that the presence of these "wealthy hand-to-mouth"
consumers can signi�cantly in�uence the estimates of the total LAMP fraction. In particular, for
a cross-section of 2010 they �nd that, although the fraction of "poor hand-to-mouth" consumers
in Germany and Italy is not very di¤erent (7.4% versus 8.3% respectively12), the gap between
the two countries is reversed and increases considerably if "wealthy hand-to-mouth" consumers
are taken into account. In this case, in fact, Germany�s total fraction of LAMP is found to be
32.2%, while being only 23.8% in Italy and 19.6% in Spain. Our results are then in line with this
�nding, that is, if we consider also the presence of LAMP consumers which hold illiquid assets,
this di¤erence between PIIGS and the core countries, which can be surprising at �rst, �nds indeed
a clear justi�cation. This result survives also if we estimate the model for a shorter sample which
excludes the �nancial crisis (1996q2-2007q3). Under speci�cation D, in the PIIGS the fraction
is 20.8% (23.6% with the full sample) while in the core region is 29.9% (increasing to 40.4%
considering the crisis period). This result is also in line with previous �ndings for the Euro area in
Albonico et al. (2014), where the authors show how this fraction has increased due to the �nancial
retrenchment during the recent crisis.
In table 5 we report the variance decomposition obtained under model B, to get some intuition

about the importance of the risk sharing shock in explaining macro variables volatilities. The �rst
striking result is that technology and demand shocks have di¤erent importance in the two regions.
In the PIIGS region demand shocks play a lesser role than in the rest of the Euro area. The
second striking result is that shocks originating in one region have a minimal impact onto the rest
of the Eurozone. Finally, the role of the risk sharing is negligible.

4.2 Output growth determinants during the post-2007 crises

In this section, we present the historical decomposition of output growth to gain intuition about
which shocks caused the recent crises in the Euro area.13 This analysis is also useful to detect
possible spillover e¤ects and transmission of shocks in the two regions.
Figure 1 shows that in the CORE countries the 2008-2009 global crisis has been mainly char-

acterized by adverse demand shocks. In this model the demand shocks include investment-speci�c
and risk premium shocks. A contractionary investment-speci�c shock entails a drop in investment

The average acceptance rate is comprised between 23 and 35 percent.
12Note that the value for Spain is even lower (4.4%), although also for France a value of 3.2% is found.
13We show the results obtained under model D. However, the other speci�cations give similar results.
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Table 3: Posterior mean estimates of parameters
parameters MODEL

A B C D
�
 0.346 0.356 0.323 0.348
��� 0.464 0.460 0.459 0.391
e 0.576 0.552 0.472 0.571
� 2.156 2.638 1.457 1.841
� 2.071 2.142 2.477 2.419
�� 2.909 2.540 2.350 2.510
� 0.676 0.647 0.694 0.628
�� 0.382 0.625 0.611 0.602
�l 2.606 2.767 2.656 2.951
��l 2.118 2.714 2.783 2.675
� 0.305 0.301 0.286 0.236
�� 0.439 0.485 0.500 0.404

I 4.625 4.477 4.576 4.500

�I 4.851 4.471 4.201 4.594
�u 0.414 0.407 0.332 0.187
��u 0.391 0.397 0.387 0.449
�Np 0.926 0.812 0.802 0.884
�N;�p 0.954 0.840 0.849 0.859
�Hp 0.620 0.492 0.547 0.280
�Fp 0.288 0.351 0.339 0.341
�Np 0.843 0.891 0.891 0.654
�N;�p 0.896 0.533 0.532 0.558
�Hp 0.532 0.517 0.479 0.601
�Fp 0.883 0.483 0.483 0.506
�w 0.713 0.764 0.710 0.722
��w 0.771 0.633 0.692 0.662
�w 0.837 0.860 0.872 0.772
��w 0.881 0.825 0.821 0.845
�e 0.663 0.672 0.663 0.609
��e 0.412 0.530 0.531 0.561
�r 0.855 0.877 0.892 0.879
�� 1.559 1.672 1.628 1.672
�y 0.008 0.025 0.027 0.023
��y 0.150 0.163 0.150 0.169
��� 0.289 0.202 0.176 0.219
�b 0.018
MDD -968.2 -949.6 -981.4 -874.6
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Table 4: Posterior mean estimates of shocks
parameters MODEL

A B C D
�a;H 0.861 0.864 0.878 0.628
�a;F 0.541 0.638 0.634 0.630
�a;N 0.880 0.905 0.924 0.628
�a;N;� 0.680 0.599 0.595 0.559
�c 0.926 0.922 0.874 0.490
�c;� 0.439 0.455 0.421 0.572
�b 0.841 0.836 0.814 0.805
�b;� 0.816 0.807 0.804 0.827
�i 0.607 0.534 0.591 0.478
�i;� 0.669 0.703 0.844 0.581
�p 0.808 0.838 0.871 0.939
�p;� 0.391 0.949 0.945 0.948
�w 0.609 0.533 0.449 0.719
�w;� 0.859 0.739 0.718 0.716
�g 0.916 0.918 0.907 0.468
�g;� 0.859 0.847 0.867 0.831
�gz 0.496 0.480 0.498 0.540
�gz;� 0.476

�rsh(B), �rp(C) 0.487 0.609
�a;H 1.486 1.449 1.353 1.316
�a;F 0.402 0.906 0.881 0.969
�a;N 1.521 1.554 1.432 1.078
�a;N;� 0.505 0.681 0.691 0.761
�c 2.130 2.201 2.424 0.980
�c;� 1.279 1.335 1.404 1.557
�b 2.063 2.050 1.881 1.704
�b;� 1.964 2.014 1.965 2.171
�i 0.181 0.188 0.175 0.184
�i;� 0.152 0.170 0.150 0.189
�p 0.156 0.092 0.086 0.287
�p;� 0.204 0.325 0.329 0.280
�w 0.282 0.300 0.308 0.303
�w;� 0.061 0.122 0.129 0.116
�g 0.243 0.241 0.248 0.144
�g;� 0.103 0.096 0.099 0.094
�gz 0.324 0.297 0.293 0.596
�gz;� 0.278
�r 0.103 0.093 0.075 0.105

�pi(A),�s(B),�rp(C) 0.729 0.403 0.046
�me 0.542 0.531 0.546 0.525
�me;� 0.451 0.443 0.444 0.444

20



T
ab
le
5:
V
ar
ia
nc
e
de
co
m
po
si
ti
on
of
se
le
ct
ed
va
ri
ab
le
s

�
y

�
c

�
i

�
c

�
N

�
cr
t

�
co

�
ex

�
im

n
x

�
y
h

�
y
n

T
ec
hn
ol
og
y
sh
oc
ks

H
om
e

39
.9
4
31
.2
6
38
.6
4
63
.5
8
20
.8
5

69
.0
0

14
.1
7
50
.8
6

41
.3
1

26
.6
8
46
.2
8
24
.2
5

Fo
re
ig
n

0.
03

0.
07

0.
07

0.
46

0.
07

0.
03

0.
12

13
.3
3

13
.5
1

4.
02

0.
61

0.
04

ag
gr
eg
at
e

6.
01

6.
27

0.
33

0.
32

0.
48

5.
92

4.
58

2.
68

1.
53

2.
36

4.
76

5.
47

D
em
an
d
sh
oc
ks

H
om
e

14
.3
7

0.
94

20
.8
4

2.
54

0.
65

2.
00

0.
48

1.
46

3.
78

2.
99

10
.6
9
12
.3
9

Fo
re
ig
n

0.
14

0.
23

0.
48

1.
02

1.
33

0.
07

0.
27

5.
87

3.
05

5.
82

0.
14

0.
21

R
is
k
sh
ar
in
g

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
46

0.
01

0.
04

0.
01

0.
00

M
ar
ku
p
sh
oc
ks

H
om
e

13
.4
8

7.
42

30
.1
6
22
.7
0
67
.6
6

14
.6
5

6.
21

14
.2
7

12
.9
3

25
.6
4
13
.8
9
16
.2
3

Fo
re
ig
n

0.
26

0.
27

0.
58

0.
81

0.
53

0.
14

0.
28

3.
20

6.
00

7.
42

0.
52

0.
34

G
ov
er
nm
en
t
sh
oc
ks

H
om
e

7.
06

0.
50

0.
67

0.
61

0.
55

2.
05

0.
12

0.
54

0.
67

1.
71

0.
61

15
.6
0

Fo
re
ig
n

0.
02

0.
04

0.
02

0.
01

0.
01

0.
01

0.
05

0.
12

0.
14

0.
30

0.
01

0.
02

M
on
et
ar
y
sh
oc
ks

In
te
re
st
ra
te
s

3.
39

3.
74

3.
78

4.
21

4.
60

1.
21

4.
36

1.
04

1.
52

0.
51

3.
66

2.
67

M
ea
su
re
m
en
t
er
ro
r

13
.5
8

�
y
�

�
c�

�
i�

�
� c

�
N
;�

�
cr
t;
�
�
co
;�

�
y
f

�
y
n
;�

r
re
r

tt

T
ec
hn
ol
og
y
sh
oc
ks

H
om
e

0.
51

0.
18

0.
69

1.
40

0.
85

0.
02

0.
33

0.
64

0.
10

15
.4
0
36
.2
3
43
.0
1

Fo
re
ig
n

17
.9
6
19
.4
5
19
.4
3
38
.8
9
28
.4
4

37
.9
6

9.
55

19
.6
1

10
.1
7

8.
97

6.
45

6.
32

ag
gr
eg
at
e

11
.6
6
15
.6
5

0.
85

1.
23

1.
26

17
.9
0

10
.9
2

9.
23

11
.2
2

6.
03

3.
22

2.
21

D
em
an
d
sh
oc
ks

H
om
e

0.
07

0.
06

0.
10

0.
40

0.
37

0.
02

0.
08

0.
07

0.
03

5.
05

2.
29

2.
24

Fo
re
ig
n

29
.4
8

3.
44

39
.2
6
13
.2
3
13
.9
6

6.
22

2.
28

25
.7
4

24
.3
6

25
.2
9

6.
00

4.
25

R
is
k
sh
ar
in
g

1.
16

4.
54

0.
04

0.
06

0.
06

0.
51

7.
19

1.
62

0.
58

0.
25

0.
01

0.
01

M
ar
ku
p
sh
oc
ks

H
om
e

0.
17

0.
11

0.
54

0.
97

0.
84

0.
03

0.
14

0.
20

0.
09

9.
78

14
.7
1
17
.9
7

Fo
re
ig
n

25
.7
8
20
.6
4
34
.2
9
36
.1
6
46
.4
3

31
.3
7

14
.3
3
27
.9
8

18
.6
0

10
.0
0
11
.1
5

7.
23

G
ov
er
nm
en
t
sh
oc
ks

H
om
e

0.
05

0.
11

0.
09

0.
05

0.
06

0.
03

0.
16

0.
04

0.
05

1.
72

2.
73

2.
32

Fo
re
ig
n

2.
30

0.
30

0.
56

0.
34

0.
37

1.
00

0.
09

0.
28

5.
63

0.
96

0.
54

0.
38

M
on
et
ar
y
sh
oc
ks

In
te
re
st
ra
te
s

3.
08

4.
37

3.
14

6.
46

6.
49

1.
45

5.
50

3.
77

2.
02

7.
28

0.
15

0.
14

M
ea
su
re
m
en
t
er
ro
r

23
.0
6

21



and consumption (the latter e¤ect being due to the presence of LAMP consumers, as discussed in
Furlanetto et al., 2013). Similarly, in case of a negative risk premium shock the wedge between the
return on capital accruing to households and the price of capital paid by �rms causes a decrease
in capital demand and thus investment. The weaker demand pushes the economic system into
recession. Di¤erently, in the PIIGS region (Figure 2) the �nancial crisis has been determined by
a combination of demand and technology shocks. The contribution of the interest rate policy was
contractionary in both regions.
Asymmetries between the two region become more important after the onset of the Greek crisis

in 2010. In the core region the initial faint recovery has been due to favorable demand shocks and
to the ECB accommodative interest rate policy. The subsequent slowdown has been determined
by negative demand shocks, partly o¤set by favorable markup shocks. Di¤erently, the largest part
of the double dip in the PIIGS is explained by adverse permanent technology shocks.
Figures 3 and 4 show that each region country-speci�c shocks drove output growth volatility.

Each region is only marginally a¤ected by shocks originating in the other group. All in all,
permanent technology shocks seem to have played a key role in explaining growth di¤erentials in
the Eurozone.
Finally, in Figures 5 and 6 we present the historical decompositions of the growth in the Public-

Consumption-to-GDP ratios. We have already shown that public consumption shocks were not
particularly important to explain output growth volatility. Here we observe important di¤erences
in the post-2007 drivers of the two ratios. In the CORE region the ratio almost exclusively reacted
to domestic shocks, implying that public consumption had a stabilizing e¤ect. By contrast, in the
PIIGS region the ratio is more responsive to �scal shocks. However, it is di¢ cult to identify a
pattern in these discretionary actions.

Figure 1: Rest of EA output growth historical decomposition by nature of shocks.
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Figure 2: PIIGS output growth historical decomposition by nature of shocks.

Figure 3: PIIGS output growth historical decomposition by country origin of shocks.
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Figure 4: PIIGS output growth historical decomposition by country origin of shocks.

Figure 5: PIIGS G/Y growth historical decomposition.

24



Figure 6: Rest of thr EA G/Y growth historical decomposition.

4.2.1 Inspecting the black box: the transmission mechanism and the possible inter-
pretations of shocks to PIIGS productivity growth rate

The analysis of the historical decomposition of output growth stresses the importance of permanent
technology shocks in the PIIGS region. This section aims at better understanding the e¤ects of this
shock. A temporary slowdown in productivity growth has a widespread contractionary e¤ect in the
PIIGS region. All household reduce consumption, investment output and worked hours fall, along
with the real wage and in�ation. There are to key di¤erences with repect to a temporary technology
shock: the �rst is that Ricardian consumers now react to the permanent income reduction and do
not smooth consumption, the second is that the e¤ects of the permanent shock accumulate in the
long run. On impact, we observe a limited positive transmission to output, consumption and hours
worked in the CORE region (Figure 8). The permanent shock to PIIGS productivity level has no
statistically signi�cant long-run e¤ects in the CORE region. Considering the aggregate Euro area,
we observe a temporary fall in in�ation and a permanent output loss.
But how can we interpret the sequence of adverse permanent technology shocks that started in

2008 and persisted until the end of our sample? According to a popular view (Shambaugh, 2012),
the �nancial shocks and the weak growth rate are distinct and mutually reinforcing factors in the
Eurozone crisis. Our estimates suggest that neither the risk sharing shock nor the "con�dence"
shock in (67) seem to have played any role during the crises,14 whereas the slowdown in productivity
growth is crucial to characterize PIIGS performance. Bearing in mind that we cannot �nd evidence
of adverse productivity shocks in the rest of the Eurozone during the same period, it is tempting to
interpret it as a consequence of the reversal in �nancial �ows to the Eurozone periphery. Indeed,
Furceri and Mourougane (2009) �nd that the occurrence of a �nancial crisis hits negatively and

14Note that these shocks typically impact on Ricardian households demand and saving decisions but have no
direct e¤ect on the supply side.
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Figure 7: PIIGS IRFs to a negative growth rate shock in the PIIGS under model D.
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Figure 8: Core countries IRFs to a negative growth rate shock in the PIIGS under model D.
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Figure 9: Other variables IRFs to a negative growth rate shock in the PIIGS under model D.
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permanently potential output a panel of OECD countries.
Khan and Thomas (2013) provide a theoretical explanation of the reason why a credit crunch

may adversely a¤ect productivity. In their model collateralized borrowing constraints and partial
investment irreversibilities imply that �rms net worth, as opposed to productivity, drives �rms
capital accumulation. Adverse �nancial shocks cause large and persistent disruptions to the cross-
sectional distribution of capital, penalizing �rms characterized by relatively high productivity but
relatively low net worth. This, in turn, implies large and persistent reductions in aggregate total
factor productivity. Benigno et al. (2015) identify 155 episodes of large capital in�ows and �nd that
larger in�ows of foreign capital are associated with a deeper fall in TFP, measured by the Solow
residual, at the end of the episode. Gopinath et al. (2015) provide microeconometric evidence on
manufacturing �rms total factor productivity in a number of Eurozone countries. They �nd that
after 2008 an increase in the dispersion in �rm-speci�c productivity shocks was associated to a
downward trend in TFP in manufacturing sectors in Spain and Italy. These phenomena were not
observed for Germany and France. Identifying TFP with the Solow residual without controlling
for vaying factor utilization, as these studies do, is open to criticism (Basu et al. 2006), but our
reults seem to provide further indirect support for the Khan and Thomas (2013) argument.

5 Conclusions

In this paper we build a medium-scale two country model for the European monetary union. The
aim is in fact to understand the interactions between the PIIGS and the CORE regions of the
Eurozone.
We consider di¤erent speci�cations of the model, concerning the structure of shocks and seg-

mentation of �nancial markets. We obtain similar estimates for structural parameters in the two
regions, but the shocks that caused the post-2007 crises appear to be quite di¤erent. Permanent
adverse productivity shocks explain the worse performance of the PIIGS region. Achieving cycli-
cal recovery will therefore not be su¢ cient to restore the relative income level that PIIGS had
achieved before 2007, and productivity-enhancing reforms should be at the forefront of political
debate. This has important implications for EMU �scal rules, which should foster convergence
and macroeconomic stability. In fact, austerity should be abandoned in favor of accommodating
�scal policies that should limit the short-run adverse e¤ects of reforms.
Our analysis has also shown that in both regions public consumption did not particularly con-

tribute to output growth volatility either before or after 2007. We do observe, however, important
di¤erences in the post-2007 drivers of the public consumption-to-GDP ratios. In the CORE region
the ratio almost exclusively reacted to domestic shocks, implying that relative public consumption
stability had a stabilizing e¤ect. By contrast, in the PIIGS region the ratio is more responsive to
�scal shocks. However, it is di¢ cult to interpret such shocks as attempts to stabilize the economy
in bad times or, to the contrary, as the consequence of austerity imposed by EMU institutions. This
latter result questions the e¤ectiveness of EMU institutions and PIIGS governments in designing
consistent national �scal policies.
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A Appendix

A.1 Non linear equations

The model is adjusted for growth, to obtain a balanced growth equilibrium. Thus, all growing
variables are divided by the level of technology. Lower case letters stand for detrended variables,
for example, yt = Yt

zt
. We de�ne �ot = �

o
tzt (see Christo¤el, Coenen and Warne (2008)). c

o
t and ct

are already expressed as stationary variables. We also de�ne rkt =
Rkt
PC;t
, wt = Wt

ztPC;t
, trrtt =

TRrtt
ztPC;t

,

trtt =
T rtt
ztPC;t

. In this way it is also possible to compute the steady state of the model. For each
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country, lower letters price variables with a tilde "�" stand for the optimal price relative to
aggregate price of the sector, for example:

~Pnt
PNt

= ~pnt .
Moreover, it is possible to express all the equilibrium equations as functions of relative prices.

In particular, we will adopt the following de�nitions.
Terms of trade:

ttt =
P Ft
PHt

=
P F;�t

PH;�t

where the second equality comes from the law of one price assumption.
"Internal" exchange rates:

xt =
PNt
P Tt

x�t =
PN

�
t

P T
�

t

All prices are expressed in terms of ttt, xt and x�t .

A.1.1 Relative prices

Relative investment prices Home country:

PI;t
PC;t

=

"

i + (1� 
i) (xt)

1�e


c + (1� 
c) (xt)
1�e

# 1
1�e

Foreign country:

P �I;t
P �C;t

=

"

�i + (1� 
�i ) (x�t )

1�e


�c + (1� 
�c) (x�t )
1�e

# 1
1�e

Relative non tradable prices Home country:

PNt
PC;t

=
xt�


c + (1� 
c) (xt)
1�e� 1

1�e

Foreign country:

PN;�t

P �C;t
=

x�t�

�c + (1� 
�c) (x�t )

1�e� 1
1�e
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Relative tradables prices Home country:
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A.1.2 Households
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A.1.3 Risk sharing condition
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A.1.4 Wages
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A.1.5 Production
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A.1.6 Demand functions
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A.1.7 Relative price of non tradable goods
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A.1.8 Tradables in�ation
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A.1.9 Market clearing
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A.1.10 CPI In�ation
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A.1.11 Real exchange rate
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A.1.12 Resource constraints
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where ext stands for exports and imt for imports.
Similarly, for the foreign country we obtain:
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where ex�t stands for the foreign country exports and im
�
t for the foreign country imports and

ex�t = imt, im�
t = ext.
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De�nition of exports and imports

ext = c
H;�
t + qI;H;�t

imt = c
F
t + q

I;F
t

A.2 Steady state

We assume that exogenous shocks are equal to one in steady state. For utilization, u = 1 so that
a (u) = 0.
We make some simplifying assumptions, which enable us to �nd the steady state analytically.
In each country, we impose the same price markup (�p;H = �p;N = �p, �

p;F = �p;N;� = ��p) and
the same shares of capital in production (�H = �N , �F = �N;�) in both sectors. This implies that
PH = PN and P F = PN;� in steady state. We set the �xed costs so that steady state pro�ts are
zero, which implies also that y

N+�N
yN

= yH+�H
yH

= 1 + �p.
Moreover, we impose that in steady state quantities of exports and imports correspond in

steady state, so that home tradable prices are equal to foreign tradable prices (PH = P F ) and
�nally steady state net exports are equal to zero. Thus:
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This in turn implies that P F = PH = PN = PN;� = P T = P T;� = PC = P �C = PI = P
�
I , thus

all relative prices are equal to 1 in steady state. Thus, also ttt, xt, x�t are 1 in steady state.

A.3 Log-linearized equations
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r̂kt =
�u

1� �u
ût + (
c � 
i) x̂t (183)

where �u
1��u �


u2

u1
= a00(u)

a0(u) .

k̂t+1 =
(1� �)
gz

k̂t +
i

k
{̂t �

(1� �)
gz

ĝz;t +
i

k
"̂it (184)

(1 + � c)
crt

c
ĉrtt =

�
1� � l � �wh

� wh
c

�
ŵt + ĥt

�
+
y

c
btrrtt � yc t̂rtt (185)

ĉt = �
crt

c
ĉrtt + (1� �)

co

c
ĉot (186)

btrt = �btrrtt + (1� �) btrot (187)

t̂t = �t̂
rt
t + (1� �) t̂ot (188)

\MRS
o

t = ĉ
o
t + �lĥt + "̂

l
t (189)

\MRS
rt

t = ĉ
rt
t + �lĥt + "̂

l
t (190)

Foreign country:

{̂�t =
1


�Ig
2
z (1 + �)

�
Q̂o;�t + "̂i;�t

�
� 1

1 + �
ĝz;t +

1

1 + �
{̂�t�1

+
�

1 + �
{̂�t+1 +

�

1 + �
ĝz;t+1 �


�c � 
�i

Ig

2
z (1 + �)

x̂t (191)

�R̂t + �̂�C;t+1 +
�

gz

�
1� � k;�

�
rk;�r̂k;�t+1 +

�

gz
(1� ��) Q̂o;�t+1 +

�

gz
� k� (
�c � 
�i ) x̂�t+1 = Q̂

o;�
t (192)

r̂k;�t =
��u

1� ��u
û�t + (


�
c � 
�i ) x̂t (193)

where ��u
1���u

� 
�u2

�u1
= a00(u�)

a0(u�) .

k̂�t+1 =
(1� ��)
gz

k̂�t +
i�

k�
{̂�t �

(1� ��)
gz

ĝz;t +
i�

k�
"̂i;�t (194)

(1 + � c;�)
crt;�

c�
ĉrt;�t =

�
1� � l;� � �wh;�

� w�h�
c�

�
ŵ�t + ĥ

�
t

�
+
y�

c�
btrrt;�t � y

�

c�
t̂rt;�t (195)

ĉ�t = �
� c
rt;�

c�
ĉrt;�t + (1� ��) c

o;�

c�
ĉo;�t (196)
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btr�t = �� btrrt;�t + (1� ��) btro;�t (197)

t̂�t = �
�t̂rt;�t + (1� ��) t̂o;�t (198)

\MRS
o;�
t = ĉo;�t + ��l ĥ

�
t + "̂

l;�
t (199)

\MRS
rt;�
t = ĉrt;�t + ��l ĥ

�
t + "̂

l;�
t (200)

A.3.2 Risk sharing condition

[RERt = "̂c;�t � "̂ct + �ĉot � ��ĉ
o;�
t + (1� �) �ĉt�1 � (1� ��) ��ĉ�t�1

+(1� �)h1+�lĥt � (1� ��) (h�)1+�
�
l ĥ�t (201)

A.3.3 Wages

Home country:

ŵt = �
(1� �w) (1� �w�)

(1 + �) �w
ŵt +

(1� �w) (1� �w�)
(1 + �) �w

�w

1 + �w
�̂
w

t (202)

+
(1� �w) (1� �w�)
(1 + �) �w (! + 1)

8<:
24�%

�
crt

co
� 1
�

(%+ 1)
+ 1

35\MRSot +
24! � �%

�
crt

co
� 1
�

(%+ 1)

35\MRSrtt
9=;

+
(1� �w)
1 + �

b��t � �

1 + �
(1� �w) b��t+1 + �

1 + �
ŵt+1 +

1

1 + �
ŵt�1 +

�w
1 + �

�̂C;t�1

�(1 + ��w)
1 + �

�̂C;t +
�

1 + �
�̂C;t+1

ŵ�t = �
(1� ��w) (1� ��w�)

(1 + �) ��w
ŵ�t +

(1� ��w) (1� ��w�)
(1 + �) ��w

�w�
1 + �w�

�̂
w;�
t (203)

+
(1� ��w) (1� ��w�)
(1 + �) ��w (!

� + 1)

8<:
24��%�

�
crt;�

co;� � 1
�

(%� + 1)
+ 1

35\MRSo;�t +

24!� � ��%�
�
crt;�

co;� � 1
�

(%� + 1)

35\MRSrt;�t

9=;
+
(1� ��w)
1 + �

b��t � �

1 + �
(1� ��w) b��t+1 + �

1 + �
ŵ�t+1 +

1

1 + �
ŵ�t�1 +

��w
1 + �

�̂�C;t�1

�(1 + ��
�
w)

1 + �
�̂�C;t +

�

1 + �
�̂�C;t+1

where % = �
1��

�
crt

co

���
and ! = �

1��

�
crt

co

�1��
= % c

rt

co
and, simmetrically, %� = ��

1���

�
crt;�

co;�

����
and

!� = ��

1���

�
crt;�

co;�

�1���
= %� c

rt;�

co;� .
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A.3.4 Production

Capital labor ratio Home country:

ût + k̂t � ĥt � ĝz;t = ŵt � r̂kt (204)

Foreign country:

û�t + k̂
�
t � ĥ�t � ĝz;t = ŵ�t � r̂

k;�
t (205)

Labor input Home country:

ĥt = �
�
r̂kt � ŵt

�
+
yN

y

 
1

yN+�N
yN

ŷNt � "̂
a;N
t

!
+
yH

y

 
1

yN+�N
yN

ŷHt � "̂
a;H
t

!
(206)

Foreign country:

ĥ�t = �
�
�
r̂k;�t � ŵ�t

�
+
yN;�

y�

0@ 1
yN;�+��N
yN;�

ŷN;�t � "̂a;N;�t

1A+ yF
y�

0@ 1
yN;�+��N
yN;�

ŷFt � "̂
a;F
t

1A (207)

Non-tradables Home country:

cmcNt = �"̂a;Nt + �N r̂
k
t + (1� �N) ŵt (208)

�
1 + ��Np

�
�̂N;t =

�
1� �Np

� �
1� ��Np

�
�Np

�cmcNt � 
cx̂t + �p;N

1 + �p;N
�̂
p;N

t

�
(209)

+�Np �̂N;t�1 + ��̂N;t+1 +
�
1� �Np

� b��t � � �1� �Np � b��t+1
Foreign country:

cmcN;�t = �"̂a;N�t + ��N r̂
k;�
t + (1� ��N) ŵ�t (210)

�
1 + ��N;�p

�
�̂�N;t =

�
1� �N;�p

� �
1� ��N;�p

�
�N;�p

�cmcN;�t +
�p;N�

1 + �p;N�
�̂
p;N�
t � 
�c x̂�t

�
(211)

+�N;�p �̂�N;t�1 + ��̂
�
N;t+1 +

�
1� �N;�p

� b��t � � �1� �N;�p

� b��t+1
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Tradables Home country:

cmcHt = �"̂a;Ht + �H r̂
k
t + (1� �H) ŵt (212)

�
1 + ��Hp

�
�̂H;t =

�
1� �Hp

� �
1� ��Hp

�
�Hp

 cmcHt + �p;H

1+�p;H
�̂
p;H

t

+(1�$) bttt + (1� 
c) x̂t
!

(213)

+�Hp �̂H;t�1 + ��̂H;t+1 +
�
1� �Hp

� b��t � � �1� �Hp � b��t+1
Foreign country:

cmcFt = �"̂a;Ft + �F r̂
k;�
t + (1� �F ) ŵ�t (214)

�
1 + ��Fp

�
�̂F;t =

�
1� �Fp

� �
1� ��Fp

�
�Fp

 cmcFt + �p;F

1+�p;F
�̂
p;F

t

+(1�$�) bttt + (1� 
�c) x̂�t
!

(215)

+�Fp �̂F;t�1 + ��̂F;t+1 +
�
1� �Fp

� b��t � � �1� �Fp � b��t+1
Demand functions Home country:

ĉNt = �e
cx̂t + ĉt (216)

ĉHt = � (1�$) bttt + ĉt + e (1� 
c) x̂t (217)

ĉFt = ��$bttt + ĉt + e (1� 
c) x̂t (218)

q̂I;Nt = �e
ix̂t + q̂It (219)

q̂I;Ht = � (1�$) bttt + q̂It + e (1� 
i) x̂t (220)

q̂I;Ft = ��$bttt + q̂It + e (1� 
i) x̂t (221)

Foreign country:

ĉN;�t = �e
�c x̂�t + ĉ�t (222)

ĉH;�t = �$�bttt + e (1� 
�c) x̂�t + ĉ�t (223)

ĉF;�t = �� (1�$�) bttt + e (1� 
�c) x̂�t + ĉ�t (224)

q̂I;N;�t = �e
�i x̂�t + q̂
I;�
t (225)
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q̂I;H;�t = �$�bttt + q̂I;�t + e (1� 
�i ) x̂�t (226)

q̂I;F;�t = �� (1�$�) bttt + q̂I;�t + e (1� 
�i ) x̂�t (227)

A.3.5 Fiscal policy

g

y
pN p̂Nt + p

N ĝt +
b

y

R

�Cgz
R̂t�1 +

R

�Cgz
b̂t �
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y

R

�Cgz
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y

R

�Cgz
�̂C;t + btrt
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c

y
� cĉt +
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c

c

y

�
� l + �wh + �wf

� �
ŵt + ĥt

�
(228)

+
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h

u1r̂

k
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u1 � �)

�
k̂t � ĝz;t

�
� � (
c � 
i) x̂t

i
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y�
pN;�p̂N;�t + pN;�ĝ�t +

b�

y�
R

��Cgz
R̂t�1 +

R

��Cgz
b̂�t �

b�

y�
R

��Cgz
ĝz;t �

b�

y�
R

��Cgz
�̂�C;t + btr�t

= b̂�t+1 + t̂
�
t +

c�

y�
� c;�ĉ�t +

w�h�

c�
c�

y�
�
� l;� + �wh;� + �wf;�

� �
ŵ�t + ĥ

�
t

�
(229)

+
k�

y�
� k;�

gz

h

�u1r̂

k;�
t + (
�u1 � ��)

�
k̂�t � ĝ�z;t

�
� �� (
�c � 
�i ) x̂�t

i
A.3.6 Market clearing

Home country

ŷNt =
cN

yN
ĉNt +

qI;N

yN
q̂I;Nt +

y

yN
ĝt (230)

ŷHt =
cH

yH
ĉHt +

iH

yH
q̂I;Ht +

1� s
s

cH
�

yH
ĉH

�

t +
1� s
s

iH
�

yH
q̂I;H;�t (231)

ŷt =
yH

y
ŷHt +

yN

y
ŷNt � (1�$)

yH

y
bttt + �
cyNy � (1� 
c)

yH

y

�
x̂t (232)

q̂It = {̂t +
a0 (1)

gz

k

y

y

i
ût (233)

Foreign country:

ŷN;�t =
cN;�

yN;�
ĉN;�t +

qI;N;�

yN;�
q̂I;N;�t +

y�

yN;�
ĝ�t (234)

ŷFt =
s

1� s
cF

yF
ĉFt +

s

1� s
qI;F

yF
q̂I;Ft +

cF
�

yF
ĉF

�

t +
qI;F;�

yF
q̂I;F;�t (235)
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ŷt =
yF

y�
ŷFt +

yN;�

y�
ŷN;�t

� (1�$�)
yF

y�
bttt + �
�c yN;�y� � (1� 
�c)

yF

y�

�
x̂�t (236)

q̂I;�t = {̂�t +
a0 (1)

gz

k�

y�
y�

i�
û�t (237)

De�nition of exports and imports

cext = 
�c
c�

y�


�c
c�

y� + 

�
i
i�

y�
ĉH;�t +


�i
i�

y�


�c
c�

y� + 

�
i
i�

y�
q̂I;H;�t (238)

cimt =

c

c
y


c
c
y
+ 
i

i
y

ĉFt +

i

i
y


c
c
y
+ 
i

i
y

q̂F;It (239)

A.3.7 CPI in�ation

Home country:

�̂C;t = 
c�̂
T
t + (1� 
c) �̂Nt (240)

Foreign country:

�̂�C;t = 

�
c �̂
T;�
t + (1� 
�c) �̂

N;�
t (241)

A.3.8 Tradables in�ation

Home country:

�̂Tt = (1�$) bttt � (1�$) bttt�1 + �̂Ht (242)

Foreign country:

�̂Tt = � (1�$�) bttt + (1�$�) bttt�1 + �̂Ft (243)

A.3.9 Relative price of non tradable goods

x̂t � x̂t�1 = �̂Nt � �̂Tt (244)

x̂�t � x̂�t�1 = �̂
N;�
t � �̂T;�t (245)
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A.3.10 Real exchange rate

[RERt =
(1� 
�c)
RER

x̂�t �
(1� 
c)
RER

x̂t +
($� +$ � 1)

RER
bttt (246)

[RERt � [RERt�1 = �̂�C;t � �̂C;t (247)

A.3.11 Monetary authority

R̂ECBt = �RR̂
ECB
t�1 + (1� �R)

�
�̂EAt + ��

�
�̂EAt�1 � b��t�+ �yŷEAt �

(248)

+���
�
�̂EAt � �̂EAt�1

�
+ ��y

�
ŷEAt � ŷEAt�1

�
+ "̂rt

�̂EAt = s�̂C;t + (1� s) �̂�C;t (249)

ŷEAt = sŷt + (1� s) ŷ�t (250)

A.3.12 Shocks

The shocks included in all the speci�cations of the model are:
Transitory technology shocks:

"̂a;Nt = �a;N "̂
a;N
t�1 + �

a;N
t (251)

"̂a;N�t = �a;N�"̂
a;N�
t�1 + �

a;N�
t (252)

"̂a;Ht = �a;H "̂
a;H
t�1 + �

a;H
t (253)

"̂a;Ft = �a;F "̂
a;F
t�1 + �

a;F
t (254)

Preference shocks:

"̂ct = �c"̂
c
t�1 + �

c
t (255)

"̂c;�t = �c;�"̂
c;�
t�1 + �

c;�
t (256)

Risk premium shocks:

"̂bt = �b"̂
b
t�1 + �

b
t (257)

"̂b;�t = �b;�"̂
b;�
t�1 + �

b;�
t (258)

Investment speci�c shocks:

"̂it = �i"̂
i
t�1 + �

i
t (259)
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"̂i;�t = �i;�"̂
i;�
t�1 + �

i;�
t (260)

Price markup shocks:

�̂
p

t = �p�̂
p

t�1 + �
p
t (261)

�̂
p;�
t = �p;��̂

p;�
t�1 + �

p;�
t (262)

Wage markup shocks:

�̂
w

t = �w�̂
w

t�1 + �
w
t (263)

�̂
p;�
t = �p;��̂

p;�
t�1 + �

p;�
t (264)

Government spending shocks:

ĝt = �gĝt�1 + �
g
t (265)

ĝ�t = �g;�ĝ
�
t�1 + �

g;�
t (266)

Interest rate shock:

"̂rt = �r"̂
r
t�1 + �

r
t (267)

Model A In Model A we add the following shocks.
An in�ation objective shock:

b��t = ���b��t�1 + ���t (268)

A permanent labor augmenting technology shock:

ĝz;t = �gz ĝz;t�1 + �
gz
t (269)

Model B Model B is characterised by the following shocks.
A risk sharing condition shock:

"̂rsht = �rsh"̂
rsh
t�1 + �

rsh
t (270)

A permanent labor augmenting technology shock:

ĝz;t = �gz ĝz;t�1 + �
gz
t (271)
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Model C Model speci�cation C entails also di¤erences concerning the model equations.
The FOC for consumption of the foreign country is included:

RECBt =
��C;t+1gz;t+1"

c;�
t (co;�t )

��� �
c�t�1

���(���1)
exp

�
(���1)
1+��l

(h�t )
1+��l

�
��"c;�t+1

�
co;�t+1

����
(c�t )

��(���1) exp
�
(���1)
1+��l

�
h�t+1

�1+��l �
Then, the following equations are also needed:

RECBt = Rt� (nwt; "
rp
t )

nwt = Rt�1
nwt�1
gz;t

+ nxt

� (nwt; "
rp
t ) = exp

�
�b
�
nwt
yt

� nw
y

�
� "rpt

�

nxt =
PHt
PC;t

1� s
s
ext �

P Ft
PC;t

imt

ext = c
H;�
t + qI;H;�t

imt = c
F
t + q

I;F
t

In log-linear terms we obtain:

ĉo;�t = ĉo;�t+1 +
(1� ��) b�

��
�
ĉ�t � ĉ�t�1

�
� 1

��

�
R̂ECBt � �̂�C;t+1 � ĝz;t+1 + "̂

c;�
t+1 � "̂

c;�
t

�
+
(1� ��) (h�)1+�

�
l

��

�
ĥ�t+1 � ĥ�t

�
(272)

For the following the equations, note that we imposed nx = nw = 0 in steady state.

R̂ECBt = R̂t + �̂t

cnwt = R

gz
cnwt�1 �cnxt

�̂t = �
bcnwt � "rpt

cnxt =
1� s
s

y�

y

�
(1�$�) 
�c

c�

y�
+ (1�$�) 
�i

i�

y�

� �cext � (1� 
c) x̂t � (1�$) bttt�
�
�
(1�$) 
c

c

y
+ (1�$) 
i

i

y

� hcimt � (1� 
c) x̂t +$bttti
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where we de�ne cnwt = nwt
y
and cnxt = nxt

y
.

The shocks included in this speci�cation are the following.
A shock to the risk premium function:

"rpt = �rp"
rp
t�1 + �

rp
t (273)

A permanent labor augmenting technology shock:

ĝz;t = �gz ĝz;t�1 + �
gz
t (274)

Model D We suppose country speci�c shocks to the trend growth rate:

ĝz;t = �gz ĝz;t�1 + �
gz
t (275)

ĝ�z;t = �gz ;�ĝ
�
z;t�1 + �

gz ;�
t (276)

The deterministic growth trend gz remains common to both economies. In the equations
characterizing the foreign region, ĝz;t is replaced by ĝ�z;t.
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