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1 Introdu
tionThis paper aims at analyzing the importan
e of housing markets and household 
reditfri
tions for the 
ondu
t of monetary poli
y within an open-e
onomy framework. In sodoing, our 
ontribution intends to bridge a gap between the growing strand of literaturefo
using on 
redit fri
tions in 
losed e
onomies 
hara
terized by the presen
e of nominalrigidities1, and the existing estimated New Open E
onomy Ma
roe
onomi
s models 2.We estimate a two-
ountry Dynami
 Sto
hasti
 General Equilibrium model for the USand the euro area in
luding relevant housing market features and examine the monetarypoli
y impli
ations of housing-related disturban
es.The ma
roe
onomi
 literature has re
ently shown a parti
ular interest in understandingthe role played by 
redit market fri
tions fa
ed by households in determining business
y
le dynami
s. More spe
i�
ally, the 
ondu
t of monetary poli
y in the presen
e of su
hfri
tions has attra
ted a spe
ial attention. A 
ommon feature a
ross the existing theoreti-
al frameworks is the in�uen
e of housing 
ollateral on households 
onsumption de
isions.The empiri
al eviden
e suggests the existen
e of a fra
tion of 
onsumers in the e
onomywho fa
e binding 
ollateral 
onstraints when approa
hing loans and mortgage markets. Asa result, institutional arrangements in su
h markets, as well as di�erent housing marketstru
tures 
an potentially a�e
t households' home-pur
hasing and 
onsumption de
isionsin a signi�
ant way. Most of the existing literature has been fo
using on a 
losed-e
onomysetup, thus abstra
ting from international fa
tors and 
ross-
ountry spillovers3.In modeling the 
losed-e
onomy setup, we follow a re
ent strand of literature whi
h - likeKiyotaki and Moore (1997) - 
onsiders a dual stru
ture on the household side, with agentsbelonging to two di�erent groups a

ording to their intertemporal dis
ount fa
tor. House-holds' heterogeneity generates equilibrium debt as the result of intertemporal borrowingbetween more and less impatient agents. Building on Ia
oviello and Neri (2009)and No-tarpietro (2007), we de�ne a two-agent, two-se
tor e
onomy for ea
h 
ountry, where theimpatient agents fa
e 
ollateral requirements when asking for mortgages or loans. Firmsprodu
e nondurable 
onsumption goods (whi
h 
an be traded internationally) and resi-dential goods (whi
h are 
onsidered non-tradable). The latter serve two purposes: they
an be dire
tly 
onsumed, thus providing utility servi
es as any durable good, or they 
anbe used as 
ollateral in the 
redit market, to obtain extra funds for �nan
ing 
onsumption.1See Ia
oviello (2005), Ia
oviello and Neri (2009) and Mona
elli (2009) among others.2See Adjemian, Darra
q Pariès, and Smets (2008), Adolfson, Laséen, Lindé, and Villani(2005),De Walque, Smets, and Wouters (2005), and Rabanal and Tuesta (2006)3An ex
eption is Christensen, Corrigan, Mendi
ino, and Nishiyama (2007), who estimate a small opene
onomy model for Canada. 2



The role of 
ollateral 
onstraints in 
losed e
onomies has been estimated in DSGE modelsby Ia
oviello and Neri (2009) and Notarpietro (2007), who report the relevan
e of housingmarket sho
ks in shaping 
onsumption dynami
s in the US. We fo
us here on the role ofhousing market fa
tors and 
redit fri
tions in explaining both 
losed and open-e
onomy�u
tuations. In parti
ular, we estimate stru
tural parameters su
h as the relative share ofborrowers in the two e
onomies, and we show how they a�e
t the transmission me
hanismof housing market and monetary poli
y sho
ks both domesti
ally and internationally.The use of an expli
it two-
ountry setup allows for estimating and testing for the existen
eof stru
tural di�eren
es a
ross the two e
onomies. On the open-e
onomy side, we intro-du
e most of the 
ommon features of estimated open-e
onomy DSGE models, following
losely Adjemian, Darra
q Pariès, and Smets (2008). In parti
ular, we assume that �nan-
ial markets are in
omplete internationally. However, we do not allow for internationaltrade of private debt, so that the borrowers 
an only a

ess domesti
 
redit markets; thesavers 
an instead trade two nominal risk-less bonds denominated in the domesti
 andforeign 
urren
y respe
tively. The model is estimated on US and euro area quarterly data,over the period 1981 I: 2005 IV, using full-information Bayesian te
hniques.Moreover, in order to put into perspe
tive the monetary poli
y response to e
onomi
disturban
es originating in the housing se
tor, we derive the optimal monetary poli
y
ooperation 
onsistent with the stru
tural spe
i�
ation of the model. As in Adjemian,Darra
q Pariès, and Smets (2008), the Ramsey approa
h to optimal monetary poli
y 
oop-eration is 
omputed by formulating an in�nite-horizon Lagrangian problem of maximizingthe 
onditional aggregate welfare of both 
ountries subje
t to the full set of non-linear
onstraints forming the 
ompetitive equilibrium of the model. We solve the equilib-rium 
onditions of the optimal allo
ation using se
ond-order approximations to the poli
yfun
tion. In this paper, we restri
t our analysis to the assessment of the optimal poli
ytoleran
e for relative house pri
e �u
tuations. We do not intend to explore systemati
allyall the fa
tors that shape optimal poli
y in our modeling framework. Su
h an exer
isewould go beyond the s
ope of the present 
ontribution and is left for future resear
h. We
onsider instead the optimal monetary poli
y response to housing-related sho
ks whi
h,under standard Taylor rules, generate strong relative house pri
e 
hanges and ampleasymmetries between the savers' and the borrowers' rea
tions.The main 
ontributions of the paper 
over several dimensions. First, our results reinfor
ethe existing eviden
e on the role of housing and mortgage markets for the US and providenew eviden
e on the importan
e of the 
ollateral 
hannel in the euro area. In parti
ular,we estimate di�erent versions of the model, 
onsidering high or low shares of borrowers in3



the e
onomy. Our results suggest notably that the share of impatient households is higherin the US than in the euro area. We also �nd that the estimated shares of borrowers arequite sensitive to the spe
i�
ation of a priori distributions, whi
h ultimately should beset based on appropriate e
onomi
 
onsiderations.Se
ond, in terms of e
onomi
 propagation of non-housing related sho
ks, the presen
eof 
redit fri
tions alters signi�
antly the relative responses of aggregate 
onsumption andnon-residential investment. Moreover, we �nd that stru
tural housing-related sho
ks havesigni�
ant spillovers on non-residential 
onsumption through the 
ollateral 
hannel andthe share of borrowers in the e
onomy. Nonetheless, the residential se
tor is somewhatuna�e
ted by shifts in the share of borrowers due to its dual nature of �exible-pri
e, non-traded goods produ
ing se
tor. In terms of international spillovers, the transmission ofhousing preferen
e sho
ks on e
onomi
 a
tivity is found to be relatively limited and lowerthan in the 
ase of demand sho
ks a�e
ting the tradable se
tor. Finally, housing sho
ksplay a key role in generating negative 
omovement a
ross 
ountries for both real housingpri
es and residential investment.Third, we �nd that allowing for a monetary poli
y response to house pri
es improves theempiri
al �t of the model, and paves the way for a deeper analysis of optimal monetarypoli
y 
ooperation in the proposed framework4. From a normative perspe
tive, somedegree of monetary poli
y rea
tion to �u
tuations in the pri
e of residential goods is 
on-sistent with the main features of optimal monetary poli
y response to housing-relatedsho
ks. Based on welfare 
omputations when only housing sho
ks are allowed, the esti-mated Taylor rule augmented with real housing pri
es turns out to be welfare-improving
ompared with the ben
hmark 
ase, in parti
ular for the US e
onomy. Beyond this, theoptimal allo
ation suggests that the heterogenous responses a
ross households and theasso
iated welfare losses in terms of imperfe
t risk sharing should be 
ountera
ted, evenat the 
ost of short term in�ation volatility. Compared with the estimated rules, ourresults indi
ate that the optimal international transmission of positive housing-relatedsho
ks leads to a more pronoun
ed monetary poli
y tightening in the foreign 
ountry andto a negative adjustment of housing pri
es and quantities as well as domesti
 demand fornon-residential goods.The rest of the paper is organized as follows. Se
tion 2 des
ribes the main de
isionproblems of the stru
tural model. Se
tion 3 presents the results of the Bayesian estimation.Se
tion 4 explores the international propagation of housing-related sho
ks in the estimatedmodel. In se
tion 5 we investigate the monetary poli
y response to housing sho
ks, both4We use the expressions "house pri
e" and "pri
e of residential goods" as synonymous in the text.4



from an histori
al perspe
tive - by estimating Taylor rules augmented with real housingpri
es - and through an analysis of the optimal allo
ation.2 Theoreti
al modelThe world e
onomy is represented by two symmetri
 
ountries, labelled Home (H) andForeign (F ). Ea
h 
ountry is modeled as a two-agent, two-se
tor e
onomy, produ
ingresidential and non residential goods5. Non-residential �nal goods are produ
ed by a
ontinuum of �single-good-�rms� indexed on [0, 1], mixing lo
al produ
tion with imports.More pre
isely, in ea
h 
ountry �nal produ
ers for lo
al sales and inputs operate in perfe
t
ompetition and aggregate a 
ontinuum of di�erentiated produ
ts pur
hased from Homeand Foreign intermediate-se
tor �rms. The latter are monopolisti
 
ompetitors and exertsome market power through the setting of pri
es. The residential-goods se
tor has asimilar stru
ture, but �nal and intermediate goods are not traded.We assume that in ea
h 
ountry there exists a 
ontinuum of in�nitely-lived households,the number of whi
h is proportional to the number of �rms. Following the seminal 
on-tribution of Kiyotaki and Moore (1997), we 
onsider two types of households in ea
h
ountry, di�ering in their relative intertemporal dis
ount fa
tor. More pre
isely, a fra
-tion (1 − ω) of households in 
ountry H (and, symmetri
ally, (1 − ω∗) in F ) are relativelymore patient, and the remaining ω (resp. ω∗) are impatient. Households re
eive util-ity from 
onsuming both nonresidential and residential goods, and disutility from labor.Residential goods are treated here as durable goods, and serve two purposes: they 
anbe either dire
tly 
onsumed or used as 
ollateral in the 
redit market. Private debt isgenerated in equilibrium as the result of intertemporal trade among the patient agents(who a
t as lenders), and the impatient agents (who a
t as net borrowers). The existen
eof fri
tions in household 
redit markets is 
aptured by imposing a perpetually binding
ollateral 
onstraint on the entire group of impatient agents6.In the following, we present the stru
ture of the model and some derivations for 
ountry
H . Analogous derivations hold true for 
ountry F .5We follow 
losely Ia
oviello and Neri (2009) and Notarpietro (2007) in de�ning the 
losed-e
onomysetup for ea
h 
ountry.6As a 
onsequen
e, we will use the terms impatient (patient) and borrower (saver) as inter
hangeablethroughout.
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2.1 The borrower's programEa
h impatient agent b ∈ [0, ω] re
eives utility from the following instantaneous utilityfun
tion:
W b

t = Et




∑

j≥0

βj


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(
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 (1)where X̃b

t is an index of 
onsumption servi
es derived from non-residential �nal goods(
Cb
) and residential sto
k (Db

):
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(
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)ηD−1
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] ηD
ηD−1 (2)with the parameter hB 
apturing habit formation in 
onsumption of non-residential goods.We introdu
e three sto
hasti
 terms in the utility fun
tion: a preferen
e sho
k εβ

t , alabor supply sho
k εL
t (
ommon a
ross se
tors) and a housing preferen
e sho
k, εD

t . Thelatter a�e
ts the relative share of residential sto
k, ωD, and modi�es the marginal rate ofsubstitution between non-residential and residential goods 
onsumption. All the sho
ksare assumed to follow stationary AR(1) pro
esses.Households re
eive negative utility from labor in ea
h se
tor, N b
C,t and N b

D,t. The spe
-i�
ation of labor supply assumes that households have preferen
es over providing laborservi
es a
ross di�erent se
tors. In parti
ular, the spe
i�
 fun
tional form adopted impliesthat hours worked are perfe
tly substitutable a
ross se
tors. LC and LD are level-shiftterms needed to ensure that the impatient's labor supply equals one in steady state.Impatient agents in ea
h 
ountry 
an trade a nominal risk-less bond denominated in thedomesti
 
urren
y, but they 
annot a

ess the international �nan
ial markets to �nan
etheir expenditure plans. In addition, they do not save nor a

umulate 
apital. Totalsavings and investment de
isions in ea
h 
ountry are implemented by the savers, as weshow later.Under these assumptions, ea
h borrower maximizes utility fun
tion (1) subje
t to anin�nite sequen
e of real budget 
onstraints7:
C̃b

t + TD,t
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D̃b

t − (1 − δ) D̃b
t−1
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+

Rt−1B̃
b
H,t−1

πtPt−1
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W b
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b
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b
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Pt7We use the non-residential goods pri
e level as a de�ator.6



where δ ∈ (0, 1) is the residential good depre
iation rate, TD,t ≡ PD,t

Pt
is the relative pri
e ofresidential goods in terms of non-residential goods, B̃b

H,t is the sto
k of nominal debt issuedby the borrower at time t, Rt−1 is the nominal interest rate paid on the existing amount ofdebt B̃b
H,t−1 and πt is the gross non-residential good in�ation rate. W b

C,t and W b
D,t denotethe borrower's nominal wages in the two se
tors. T̃ T

b

t are government transfers . Finally,
Ãb

t is the stream of in
ome 
oming from state-
ontingent se
urities, allowing the borrowersto hedge against wage in
ome risk. Given separability of preferen
es, trading su
h assetsensures that all borrowers have identi
al 
onsumption plans. Therefore, we 
an drop thesupers
ript b and simply use a˜to denote variables related to the borrowers.In ea
h period t, all the borrowers have limited a

ess to 
redit markets, as summarizedby the following (nominal) 
ollateral 
onstraint:
B̃H,t ≤ εLTV

t (1 − χ) Et

{
PD,t+1D̃t

1

Rt

}where χ ∈ [0, 1] is the fra
tion of the residential good that 
annot be used as a 
ollateral.Su
h a parameter is an indire
t measure of the �exibility of the mortgage market. Theterm (1 − χ) thus provides a proxy for the observed loan-to-value ratio, whi
h is subje
tto a stationary sto
hasti
 sho
k εLTV
t . The 
ollateral 
onstraint 
an be 
onvenientlyrewritten in real terms as follows:

b̃H,t ≤ εLTV
t (1 − χ) Et

{
TD,t+1D̃t

πt+1

Rt

} (4)where b̃H,t ≡ BH

Pt
.Summing up, the impatient agent maximizes (1) subje
t to the in�nite sequen
e of (3)and (4) holding with equality8. We report the �rst order 
onditions for this problem inthe Appendix.2.2 The saver's programThe patient agents, s ∈ [ω, 1], are 
hara
terized by a higher intertemporal dis
ount fa
torthan the borrowers, and thus a
t as net lenders in equilibrium. They own the produ
tive
apa
ities and make de
isions on investment plans to build the 
apital sto
k whi
h willbe rented out to intermediate �rms. The savers 
an trade two nominal risk-less bondsdenominated in the domesti
 and foreign 
urren
y. Finan
ial markets are assumed to be8It is immediate to show that the 
ollateral 
onstraint always binds in the deterministi
 steady state,under general 
onditions. We assume here that it 
ontinues to bind in a su�
iently small neighborhoodof the steady state, so that the model 
an be solved by taking a �rst order approximation.7



in
omplete internationally. We introdu
e a risk premium on the international �nan
ingof domesti
 
onsumption expenditures. Su
h risk premium is a fun
tion of real holdingsof foreign assets in the entire e
onomy. Ea
h patient agent re
eives instantaneous utilityfrom the same type fun
tion (1) adopted for the impatient9:
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e of the followingperiod budget 
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Cs
t + TD,t

(
Ds

t − (1 − δ) Ds
t−1

)
+ Is

t +
Bs

H,t

Pt

+
StB

s
F,t

Ptε
∆S
t Ψ

(
EtSt+1

St−1
− 1,

St

(
BF,t−BF

)

Pt

)

=
Rt−1B

s
H,t−1

πtPt−1

+
StR

∗
t−1B

s
F,t−1

πtPt−1

+
∑

j=C,D

[
Rk,j

t uj
tK

j
t − Φ

(
uj

t

)
Kj

t

]

+
(W s

C,tN
s
C,t + W s

D,tN
s
D,t) + As

t + Πs
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Ptwhere St is the nominal ex
hange rate, TT s
t are government transfers and Πs

t are dis-tributed pro�ts. Capital is se
tor-spe
i�
 and the savers de
ide in whi
h se
tor to invest.The expression
Rk,j

t uj
tK

j
t − Φ

(
uj

t

)
Kj

trepresents the se
tor-spe
i�
 nominal return on the real 
apital sto
k minus the 
ostasso
iated with variations in the degree of 
apital utilization10. Bs
H,t and Bs

F,t are theindividual saver's holdings of domesti
 and foreign bonds denominated in lo
al 
urren
y.The risk premium fun
tion Ψ(·, ·) is di�erentiable, de
reasing in both arguments andveri�es Ψ(0, 0) = 1. The fun
tional form used for the risk premium is Ψ(X, Y ) =

exp (−χ∆SX − 2χY ). The term ε∆S
t is a unitary-mean disturban
e a�e
ting the riskpremium.9Variables related to the saver are denoted with a supers
ript s, as opposed to b, used for the borrowers.10Following Smets and Wouters (2007), we assume that the in
ome obtained from renting out 
apitalservi
es depends on the level of 
apital augmented for its utilization rate. Moreover, the 
ost of 
apa
ityutilization is zero when 
apa
ity is fully used (Φ(1) = 0). We assume the following fun
tional form forthe adjustment 
osts on 
apa
ity utilization: Φ(X) = Rk

ϕ
(exp [ϕ (X − 1)] − 1) .8



As for the borrowers, we maintain the assumption that state-
ontingent assets are tradedwithin the group of savers, in order to hedge against wage in
ome risk. The 
orrespondingstream of in
ome is denoted As
t . As a result, all savers have identi
al 
onsumption plansin equilibrium and we 
an therefore drop supers
ripts s.The optimality 
onditions 
hara
terizing the solution of the saver's problem are reportedin the Appendix.In the following, we will refer to the saver's and borrower's user 
osts of residential invest-ment (the exa
t de�nition of whi
h 
an also be found in the Appendix). The user 
ostindi
ators drive the substitution e�e
ts between durable and non-durable goods for ea
hhousehold type. The aggregate user 
ost, denoted Raggregate

D , is de�ned as the weightedaverage of the saver's and borrower's user 
osts.2.3 Labor supply and wage settingThe labor market stru
ture is modeled following S
hmitt-Grohe and Uribe (2006). Inboth 
ountries, households of ea
h type (patient, impatient) provide homogeneous laborservi
es, whi
h are transformed by monopolisti
ally 
ompetitive unions into di�erentiatedlabor inputs. As a result, all household of the same type supply the same amount of hoursworked in ea
h se
tor, in equilibrium.In ea
h se
tor j (j = C, D), we assume the existen
e of perfe
tly 
ompetitive laborpa
kers, who buy the individual agents' labor supplies N i
jt (i = B, S) and aggregatethem using a Cobb-Douglas fun
tion, to produ
e the aggregate labor indi
ators LC,t and

L D,t that enter the �rms' produ
tion fun
tions (see later). We spe
ify the details of thelabor pa
kers pro�t-maximization problem below.We also assume that in ea
h se
tor j (j = C, D) there exist monopolisti
ally 
ompetitivelabor unions indexed by i (i = B, S), representing the patient and impatient households,respe
tively. Unions di�erentiate the homogeneous labor provided by households, 
reatinga 
ontinuum of measure one of labor servi
es (indexed by z ∈ [0, 1]) whi
h are sold to theabove-mentioned labor pa
kers in ea
h se
tor. Ea
h union thus fa
es the following labordemand (originating from se
tor-spe
i�
 labor pa
kers):
Lj,i,t(z) =

(
Wj,i,t(z)

Wj,i,t

)−
µw

µw−1

Lj,i,twhere z ∈ [0, 1], µw = θw

θw−1
and θw > 1 is the elasti
ity of substitution between di�er-entiated labor servi
es, whi
h we assume to be 
onstant a
ross types and se
tors. Lj,i,t9



measures demand for labor type i by �rms in se
tor j,
Lj,i,t =

[∫ 1

0

Lj,i,t(z)
1

µw dz

]µwwhile Wj,i,t denotes the nominal wage set by union i in market j at time t11:
W j,i,t =

[∫ 1

0

Wj,i,t(z)
1

1−µw dz

]1−µwClearly, our stru
ture gives rise to four di�erent wages in equilibrium, ea
h 
orrespondingto a spe
i�
 worker type (patient, impatient) in a spe
i�
 se
tor (C, D). Unions set wageson a staggered basis. Every period, ea
h union fa
es a 
onstant probability 1 − αwji ofbeing able to adjust its nominal wage. If the union is not allowed to re-optimize, wagesare indexed to past and steady-state in�ation a

ording to the following rule:
W j,i,t(z) = [Πt−1]

ξ
j,i
w
[
Π
]1−ξ

j,i
w

Wj,i,t−1(z)where Πt = Pt

Pt−1
and ξj,i

w denotes the degree of indexation in ea
h se
tor, for ea
h type.Taking into a

ount that unions might not be able to 
hoose their nominal wage optimallyin the future, the optimal nominal wage W̃j,i,t(z) is 
hosen to maximize intertemporalutility under the budget 
onstraint and the labor demand fun
tion. The Appendix reportsthe �rst order 
onditions for this program written in a re
ursive form, and an expressionfor the aggregate wage dynami
s.We 
an now de�ne the labor pa
kers' Cobb-Douglas produ
tion fun
tion as follows:
Lj ≡ ωω(1 − ω)(1−ω)
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NS
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∆w
j,S,t
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NB
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Wj,S,t11The following de�nitions also hold:
NB

j,t ≡
∫ 1

0

L j,B,t(z)dzand
NS

j,t ≡
∫ 1

0

L j,S,t(z)dz10



and the term ∆w
j,i,t denotes wage dispersion in se
tor j, related to agent i. Su
h term is astate variable that evolves as follows:
∆w

j,i,t = (1 − αwji) (Wj,i,t)
µw

µw−1

(
µw

Hwji
1,t

Hwji
2,t

)−
µw

µw−1

+αwji∆
w
j,i,t−1

(
Wj,i,t

Wj,i,t−1

) µw
µw−1

(
Πt

Π
ξwj,i

t−1

[
Π
]1−ξwj,i

) µw
µw−1Noti
e that wage dispersion is ine�
ient, as all job varieties are ex-ante identi
al 12. Thesolution to the labor pa
kers' 
ost-minimization problem also determines the followingwage indi
es:

Wj,t =
(Wj,S,t)

1−ω (Wj,B,t)
ω

ωω(1 − ω)1−ω2.4 Investment de
isionsThe patient agents own 
apital and rent it out to the intermediate goods-�rms at these
tor-spe
i�
 rental rate Rk,j
t (j = C, D). Investment 
onsists of the distributed non-residential good only. The savers 
hoose the investment and 
apa
ity utilization in ea
hse
tor to maximize their intertemporal utility, subje
t to the intertemporal budget 
on-straint and the 
apital a

umulation equation:

Kj
t = (1 − δK)Kj

t−1 + εI
t

[
1 − S

(
Ij
t

Ij
t−1

)]
Ij
t (7)where δK ∈ [0, 1] is the depre
iation rate of 
apital, S is a non-negative adjustment
ost fun
tion formulated in terms of the gross rate of 
hange in investment, Ij

t /I
j
t−1,and εI

t is an e�
ien
y sho
k to the te
hnology of 
apital a

umulation, 
ommon to bothse
tors. The fun
tional forms adopted are S (x) = φ/2 (x − 1)2 for 
ountry H and
S (x) = φ∗/2 (x − 1)2 for 
ountry F , with φ and φ∗ 
onstant. The resulting �rst order
onditions read:

Qt = βEt

[
Λt+1

Λt

(
Qt+1(1 − δ) + Rk

t+1ut+1 − Φ(ut+1)
)]

εQ
t

Qt

[
1 − S

(
It

It−1

)
− It

It−1

S ′

(
It

It−1

)]
εI

t +

βEt

[
Qt+1

Λt+1

Λt

(
It+1

It

)2

S ′

(
It+1

It

)]

= 112see S
hmitt-Grohe and Uribe (2006) 11



Rk
t = Φ′(ut)where ΛtQt is the Lagrange multiplier asso
iated with the 
apital a

umulation equation.We follow Smets and Wouters (2003) in introdu
ing an ad ho
 sho
k εQ

t that a

ounts for�u
tuations in the external �nan
e risk premium.2.5 Distribution se
tor for non-residential goodsNon-residential goods in ea
h 
ountry are produ
ed by a 
ontinuum of 
ompanies that,operating under perfe
t 
ompetition, mix lo
al produ
tion with imports. There is a homebias in aggregation, n, whi
h pins down the degree of openness in steady state. The ι− thdistributor te
hnology, ∀ι ∈ [0, 1], is given by
Yι =

[
n

1
ξ

t Y
ξ−1

ξ

ι,H + (1 − nt)
1
ξ Y

ξ−1

ξ

ι,F

] ξ
ξ−1in the domesti
 
ountry and

Y ∗
ι =

[
(1 − n∗

t )
1

ξ Y ∗
ι,H

ξ−1

ξ + n∗
t

1

ξ Y ∗
ι,F

ξ−1

ξ

] ξ
ξ−1in the foreign 
ountry, with ξ denoting the elasti
ity of substitution between bundles YHand YF . The degrees of home bias are subje
t to sho
ks. Sin
e only the di�eren
e ofopenness rates enters the linearized aggregate equations in the absen
e of adjustment
osts on imports, home bias sho
ks are expressed as nt = n

√
ε∆n

t and n∗
t = n√

ε∆n
t

.Cost minimization determines import demands:
YH,t = nt (TH,t)

−ξ Yt, YF,t = (1 − nt) (Tt TH,t)
−ξ Yt

Y ∗
F,t = n∗

t

(
T ∗

F,t

)−ξ
Y ∗

t , Y ∗
H,t = (1 − n∗

t )

(
T ∗

F,t

T ∗
t

)−ξ

Y ∗
t (8)Distribution pri
es are de�ned by:

Pt =
[
ntP

1−ξ
H,t + (1 − nt)P

1−ξ
F,t

] 1
1−ξ

P ∗
t =

[
n∗

t P
∗1−ξ
F,t + (1 − n∗

t )P
∗1−ξ
H,t

] 1

1−ξwhereas Tt =
PF,t

PH,t
and T ∗

t =
P ∗

F,t

P ∗

H,t

denote the interior terms of trade. We also make use ofthe relative pri
es TH,t =
PH,t

Pt
and T ∗

F,t =
P ∗

F,t

P ∗
t
.12



2.6 Final non-residential goods se
torIn 
ountry H , �nal produ
ers for lo
al sales and imports are in perfe
t 
ompetition andaggregate a 
ontinuum of di�erentiated intermediate produ
ts from home and foreignintermediate se
tor. YH and YF denote the 
ontinuum of di�erentiated goods produ
edrespe
tively in 
ountry H and F . The elementary di�erentiated goods are imperfe
tsubstitutes with an elasti
ity of substitution denoted µ

µ−1
. Final goods are produ
ed withthe following te
hnology YH =

[∫ 1

0
Y (h)

1
µ dh

]µ and YF =
[∫ 1

0
Y (f)

1
µ df

]µ
. In 
ountry F ,the 
orresponding indi
es are given by Y ∗

F =
[∫ 1

0
Y ∗(f)

1
µ df

]µ and Y ∗
H =

[∫ 1

0
Y ∗(h)

1
µ dh

]µ

.For a domesti
 produ
t h, we denote p(h) its pri
e on lo
al market and p∗(h) its pri
eon the foreign import market. The domesti
-demand-based pri
e indi
es asso
iated withimports and lo
al markets in both 
ountries are de�ned as PH =
[∫ 1

0
p(h)

1
1−µ dh

]1−µ

, P ∗
H =

[∫ 1

0
p∗(h)

1

1−µ dh
]1−µ

, P ∗
F =

[∫ 1

0
p∗(f)

1

1−µ df
]1−µ and PF =

[∫ 1

0
p(f)

1

1−µ df
]1−µ

. Domesti
demand is allo
ated a
ross the di�erentiated goods as follows




∀h ∈ [0, 1] Y (h) =
(

p(h)
PH

)− µ
µ−1

YH , Y ∗(h) =
(

p∗(h)
P ∗

H

)− µ
µ−1

Y ∗
H

∀f ∈ [0, 1] Y (f) =
(

p(f)
PF

)− µ
µ−1

YF , Y ∗(f) =
(

p∗(f)
P ∗

F

)− µ
µ−1

Y ∗
F2.7 Intermediate non-residential �rmsIntermediate goods produ
ers are monopolisti
 
ompetitors and produ
e di�erentiatedprodu
ts using a Cobb-Douglas mixing labour and 
apital servi
es K̃t(·) = ut(·)Kt(·):

{
Yt(h) = εA

t

(
uC

t KC
t−1(h)

)αC LC
t (h)1−αC − ΩC ∀h ∈ [0, 1]

Y ∗
t (f) = εA

t

(
uC∗

t KC∗
t−1(f)

)αC LC∗
t (f)1−αC − Ω∗

C ∀f ∈ [0, 1]where εA
t and εA∗

t are exogenous te
hnology shifters. Ea
h �rm sells its produ
ts both inthe lo
al and in the foreign market. We denote YH(h) and Y ∗
H(h) (respe
tively Y ∗

F (f) and
YF (f)) the lo
al and foreign sales of domesti
 produ
er h (respe
tively foreign produ
er
f) and de�ne LC

H(h) and LC∗
H (h) (respe
tively LC∗

F (f) and LC
F (f)) the 
orresponding labordemand.Lo
al �rms set pri
es on a staggered basis à la Calvo (1983). In ea
h period, a �rm h(resp. f) fa
es a 
onstant probability 1 − αH (resp. 1 − α∗

F ) of being able to re-optimizeits nominal pri
e. The average duration of a rigidity period is then 1
1−αH

(resp. 1
1−α∗

F
).If a �rm 
annot re-optimize its pri
e, the pri
e evolves a

ording to the following simplerule:

pt(h) = ΠγH

H,t−1Π
1−γH

pt−1(h)13



with γH denoting pri
e indexation.Con
erning exports, we assume that, in 
ountry H , a fra
tion η (respe
tively η∗ in 
oun-try F ) of exporters exhibit produ
er-
urren
y-pri
ing (PCP) while the remaining �rmsexhibit lo
al-
urren
y-pri
ing (LCP). Consequently, aggregate export pri
es denominatedin foreign 
urren
y are given by
P ∗

H =

[
η

(
PH,t

St

) 1
1−µ

+ (1 − η) P̃
∗ 1

1−µ

H

]1−µ

, and PF =

[
η∗
(
StP

∗
F,t

) 1
1−µ + (1 − η∗) P̃

1
1−µ

F

]1−µ

.The aggregate LCP export pri
e indi
es are a

ordingly de�ned as
P̃ ∗

H =

[
1

1 − η

∫ 1

η

p∗(h)
1

1−µ

dh

]1−µ , and P̃F =

[
1

1 − η∗

∫ 1

η∗

p(f)
1

1−µ

df

]1−µ

.We de�ne the following relative pri
es RẼRH =
SP̃ ∗

H

PH
, RẼRF = P̃F

SP ∗

F

and T̃ = P̃F

PH
. Exportmargins relative to lo
al sales are denoted RERH =

SP ∗

H

PH
and RERF = PF

SP ∗

F

. In the pres-en
e of international pri
e dis
rimination, these ratios measure the relative pro�tabilityof foreign sales 
ompared with the lo
al ones. Finally, RERt =
StP

∗
t

Pt
is the real ex
hangerate.The optimality 
onditions for the pri
e-setting problem are reported in the Appendix.2.8 Residential goods se
torsFinal produ
ers of residential goods operate in perfe
t 
ompetition and aggregate a 
ontin-uum of di�erentiated domesti
 intermediate produ
ts. Final and intermediate residentialgoods are non-traded. The elementary di�erentiated goods are imperfe
t substitutes withelasti
ity of substitution denoted µD

µD−1
. Final goods are produ
ed with the following te
h-nology ZD =

[∫ 1

0
ZD(h)

1
µD dh

]µD

. The pri
e of a domesti
 produ
t h is denoted by pD(h).The aggregate pri
e index is de�ned as PD =
[∫ 1

0
pD(h)

1
1−µD dh

]1−µD . Domesti
 demandis allo
ated a
ross the di�erentiated goods as follows: ZD(h) =
(

pD(h)
PD

)− µD
µD−1

ZD.Residential goods are produ
ed by 
ombining 
apital, labor and land. We assume that inevery period of time the savers are endowed with a given amount of land, whi
h they sellto the �rms in a �xed quantity. We assume that the supply of land is exogenously �xedand that ea
h residential goods intermediate �rm takes the pri
e of land as given in itsde
ision problem. Produ
ers make use of a Cobb-Douglas te
hnology as follows:
{

ZD,t(h) = εAD
t

(
uD

t KD
t−1(h)

)αD LD
t (h)1−αD−αLL(h)αL

t − ΩD ∀h ∈ [0, 1]

Z∗
D,t(f) = εAD∗

t

(
uD∗

t KD∗
t−1(f)

)αD LD∗
t (h)1−αD∗−αL∗L∗(f)αL∗

t − Ω∗
D ∀f ∈ [0, 1]14



where εAD
t and εAD∗

t are exogenous te
hnology parameters and Lt(h) denotes the endow-ment of land used by produ
er h at time t.As in the non-residential se
tor, �rms are monopolisti
 
ompetitors. However, we assumehere that residential pri
es are perfe
tly �exible, so that in ea
h period �rms set theirpri
e as a 
onstant markup muD over the marginal 
ost MCD,t de�ned as follows13:
MCD,t =

w
(1−αD−αL)
t

[
Rk,D

t

]αD

[plt]
αL

εAD
t ααD

D (1 − αD − αL)(1−αD−αLAND) (αL)αL TD,t

(9)where plt denotes the relative pri
e of land de�ated by non-residential goods pri
e14.2.9 Government and monetary authorityIn ea
h 
ountry, publi
 expenditures G are subje
t to random sho
ks εG
t . The government�nan
es publi
 spending with lump-sum transfers.Monetary poli
y is spe
i�ed in terms of an interest rate rule targeting CPI in�ation, outputand their �rst di�eren
e. In the ben
hmark spe
i�
ation, we do not in
lude housing pri
esin rule. Written in deviation from the steady state, the interest rate rule used has thefollowing form:

rt = ρrt−1 + (1 − ρ) (rππt−1 + ryyt−1) + r∆π (πt − πt−1) + r
∆y

(yt − yt−1) + log
(
εR

t

) (12)where lower 
ase letters denote log-deviations of a variable from its deterministi
 steady-state.13The same assumption about residential pri
es is adopted in Ia
oviello and Neri (2009). We haveestimated a version of the model in whi
h Calvo-type nominal pri
e rigidities are allowed in the residentialse
tor, and obtained eviden
e in favor of almost perfe
tly �exible pri
es. Hen
e, we have de
ided tomaintain the assumption of �exible housing pri
es, in order to redu
e the overall number of parametersto be estimated.14Noti
e that 
ost minimization implies:
plt = αLTD,t

ZD,t

Lt

(10)and
wtL

D
t

R
k,D
t uD

t KD
t−1

=
1 − αD − αL

αD

(11)
15



2.10 Market 
learing 
onditionsAggregate investment and 
apital sto
k are given by:
Ij
t = (1 − ω) Isj

t (13)
Kj

t = (1 − ω)Ksj
t (14)for j = C, D. Similar relations apply for 
ountry F .Aggregate domesti
 demands for non-residential goods are given by:

Yt = ωC̃t + (1 − ω)Ct + IC
t + ID

t + GεG
t + Φ

(
uC

t

)
KC

t−1 + Φ
(
uD

t

)
KD

t−1 (15)
Y ∗

t = ω∗C̃∗
t + (1 − ω∗)C∗

t + IC∗
t + ID∗

t + GεG∗
t + Φ

(
uC∗

t

)
KC∗

t−1 + Φ
(
uD∗

t

)
KD∗

t−1 (16)Aggregate non-residential produ
tions satisfy:
Zt = εA

t

(
uC

t KC
t−1

)αC
(
LC

t

)1−αC − ΩC (17)
Z∗

t = εA∗
t

(
uC∗

t KC∗
t−1

)αC
(
LC∗

t

)1−αC − Ω∗
C (18)Market 
learing 
onditions in non-residential goods markets lead to the following relations:

Zt = nt∆H,t (TH,t)
−ξ Yt + (1 − n∗

t )∆∗
H,t

(
T ∗

F,t

T ∗
t

)−ξ

Y ∗
t (19)

Z∗
t = n∗

t ∆
∗
F,t

(
T ∗

F,t

)−ξ
Y ∗

t + (1 − nt) ∆F,t (TtTH,t)
−ξ (20)where ∆H,t =

∫ 1

0

(
pt(h)
PH,t

)− µ
µ−1

dh, ∆∗
H,t =

∫ 1

0

(
p∗t (h)

P ∗

H,t

)− µ
µ−1

dh, ∆∗
F,t =

∫ 1

0

(
p∗t (f)

P ∗

F,t

)− µ
µ−1

df and
∆F,t =

∫ 1

0

(
pt(f)
PF,t

)− µ
µ−1

df measure pri
e dispersions among produ
ts of 
ountry H and F ,either sold lo
ally or exported.Similarly, aggregate produ
tions of residential goods read:
ZD,t = εAD

t

(
uD

t KD
t−1

)αD
(
LD

t

)1−αD−αL

t
LαL

t − ΩD (21)
Z∗

D,t = εAD∗
t

(
uD∗

t KD∗
t−1

)αD
(
LD∗

t

)1−αD−αL

t
L∗αL

t − Ω∗
D (22)Market 
learing 
onditions for the residential markets are

ZD,t = ∆D,t

[
ω
(
D̃t − (1 − δ)D̃t−1

)
+ (1 − ω) (Dt − (1 − δ)Dt−1)

] (23)
Z∗

D,t = ∆∗
D,t

[
ω∗
(
D̃∗

t − (1 − δ)D̃∗
t−1

)
+ (1 − ω∗)

(
D∗

t − (1 − δ)D∗
t−1

)] (24)where ∆D,t =
∫ 1

0

(
pD,t(h)

PD,t

)− µD
µD−1

dh and ∆∗
D,t =

∫ 1

0

(
p∗D,t(h)

P ∗

D,t

)− µD
µD−1

dh measure pri
e dis-persions among non-residential intermediate goods of 
ountry H and F .16



Equilibrium in the bond markets implies that B∗
H,t + B∗

F,t = B̃∗
F,t and BH,t + BF,t = B̃H,t.Moreover, demand for bonds denominated in 
urren
y F issued by agents in 
ountry His given by

StBF,t

PtR∗
t

−
B∗

H,t

PtRt

=
StBF,t−1

Pt

−
B∗

H,t−1

P t

+ TH,tYH,t + RERt

T ∗
F,t

T ∗
t

Y ∗
H,t − Yt (25)where RERt is the real ex
hange rate measured with 
onsumer pri
es net of 
onsumptiontaxes.The aggregate 
onditional welfare measures for ea
h type of agent in ea
h 
ountry arede�ned by WB

H,t =
∫ ω

0
Wb

t db and WS
H,t =

∫ 1

1−ω
Ws

t ds, and WB∗
F,t =

∫ ω∗

0
Wb∗

t db and WS∗
F,t =∫ 1

1−ω∗ Ws∗
t ds, respe
tively.3 Bayesian EstimationThe model is estimated on US and euro area data using Bayesian likelihood methods.For ea
h 
ountry, we 
onsider 11 key ma
roe
onomi
 quarterly time series from 1981q1to 2005q4 15: output, 
onsumption, non-residential �xed investment, hours worked, realwages, GDP de�ator in�ation rate, CPI in�ation rate, 3 month short-term interest rate,residential investment, real house pri
es and total household debt. We also use the ex-
hange rate and the US 
urrent a

ount16. All variables are linearly detrended prior toestimation.In the following, 
ountry H represents the US and 
ountry F the euro area. Euro areaparameters and sho
ks are therefore denoted with a *, in line with the notation adoptedin the previous se
tion. We summarize here the exogenous sto
hasti
 sho
ks that weintrodu
e:

• E�
ient sho
ks: te
hnology (εA
t , εA∗

t , εAD
t , εAD∗

t ), investment (εI
t , εI∗

t ), labor supply(εL
t , εL∗

t ), publi
 expenditure (εG
t , εG∗

t ), 
onsumption preferen
es (εB
t , εB∗

t ), housingpreferen
es (εD
t , εD∗

t ), relative home bias (ε∆n
t ), loan-to-value ratio (εLTV

t , εLTV ∗
t ).

• Ine�
ient sho
ks: PPI markups (εP
t , εP∗

t ), CPI markups (εCPI
t , εCPI∗

t ), external�nan
e risk premium (εQ
t , εQ∗

t ), UIP (ε∆S
t ).

• Monetary poli
y sho
ks (εR
t , εR∗

t ).15The 
hoi
e of the estimation sample re�e
ts the availability of housing se
tor data for the euro area.16See Appendix for a detailed des
ription of the dataset.17



We also allow for the existen
e of 
ommon fa
tors on some spe
i�
 sho
ks. The motivationrelies on the two-
ountry nature of the model, whi
h is supposed to 
apture 
ross-
ountrydynami
s only, while leaving the intera
tions between the two regions and the rest of theworld unexplained. However, sho
ks originating from the rest of the world, or unspe
i�edspillovers 
annot be ruled out ex ante. Therefore, we modify the sho
ks stru
ture toa

ount for additional sour
es of e
onomi
 �u
tuations. As a �rst step, we in
lude possible
ommon fa
tors on produ
tivity sho
ks in the non-residential se
tor (fA
t ), CPI markupsho
ks (fCPI

t ) and monetary poli
y sho
ks (fR
t ) 17.In addition, like Adjemian, Darra
q Pariès, and Smets (2008), we introdu
e some 
orrela-tions among stru
tural sho
ks, to a

ount for possible unmodeled spillovers. In parti
ular,sin
e we use US total net trade instead of bilateral net trade data in estimation, we intro-du
e a 
orrelation between the US home bias preferen
e sho
k and the euro area publi
expenditure sho
k. Su
h 
orrelation - denoted ρn,G∗- is meant to 
apture rest-of-the-world sho
ks that a�e
t the US 
urrent a

ount, with moderate immediate impa
t oneuro area output. Moreover, 
onsidering the weak stru
tural interpretation attributedto UIP sho
ks in a �rst-order approximation of the model, it seems justi�ed to allowfor links with other sho
ks. Hen
e, we in
lude in the estimation some 
orrelation termsbetween the UIP sho
k and other e�
ient sho
ks, in order to a

ount for the impa
t offundamental sho
ks on the time-varying risk premium. In parti
ular, we 
onsider 
orrela-tions between the UIP sho
k and the US non-residential produ
tivity sho
k (ρA,∆S) andbetween the UIP sho
k and government expenditure sho
ks in both areas (ρG,∆S) and(ρG∗,∆S). The presen
e of su
h terms helps the model generating the observed positive
omovement between 
onsumption and business investment.3.1 Calibrated parametersSome parameters are ex
luded from the estimation and have to be 
alibrated. These aretypi
ally parameters driving the steady state values of the state variables, for whi
h thee
onometri
 model based on detrended data is almost noninformative.In parti
ular, the dis
ount fa
tors are 
alibrated to 0.99 for the patient agents and 0.96for the impatient agents18. The 
alibration is the same for the US and the Euro Area.The implied equilibrium real interest rate is 4% in annual terms19. The depre
iation17The three 
ommon fa
tors were sele
ted on the basis of their signi�
an
e in explaining ma
roe
onomi
�u
tuations and the implied marginal data density.18See e.g. Ia
oviello (2005) and Ia
oviello and Neri (2009) and Mona
elli (2009) for a thorough dis
us-sion of the 
alibration of the dis
ount fa
tors in a similar setup.19The steady-state level of the interest rate is pinned down by the savers' intertemporal dis
ount fa
tor.18



rate for housing, δ, is equal to 0.01, 
orresponding to an annual rate of 4%, whereas thedepre
iation rate of 
apital is set to 0.1. Markups are 
onstant a
ross 
ountries and equalto 1.3 in the goods markets (for both nonresidential and residential goods) and 1.5 inthe labor market (in ea
h se
tor). The relative share of residential goods in the utilityfun
tion, ωD, is set to 0.1 in both 
ountries. The value is 
hosen to pin down the steadystate ratio of residential investment to GDP. The intratemporal elasti
ity of substitution,
ηD, is equal to 1. The relative shares of inputs in produ
tion are 0.3 for 
apital and 0.7for labor in the nonresidential goods se
tor, while in the residential se
tor we assign aweight equal to 0.1 to land, and redu
e the share of 
apital to 0.2, in order to maintainthe level of labor intensity un
hanged.Finally, we 
alibrate the loan-to-value ratio (determined by the terms (1 − χ) and (1 − χ∗)),to 0.8 in both areas. Although these two parameters 
ould in prin
iple be in
luded in theestimation set, keeping them �xed - at the same level - helps fo
using the attention on theestimation of the relative shares of borrowers (ω and ω∗). Moreover, existing empiri
alstudies20 do
ument the presen
e of a substantial degree of heterogeneity within the euroarea in terms of mortgage markets �exibility, with some 
ountries as the Netherlandsbeing 
lose to the US, and others (e.g. Germany and Italy) displaying a mu
h smallerdegree of �exibility. The proposed 
alibration of χ∗ thus provides an approximate averagea
ross European 
ountries.3.2 Prior distributionsPrior distributions of the stru
tural parameters are assumed to be the same a
ross 
oun-tries, following a 
ommon pra
ti
e in the literature21. The standard errors of the stru
turalsho
ks are assumed to follow a Uniform distribution over the [0,6℄ interval22, while thepersisten
e parameters follow a Beta distribution with mean 0.5 and standard deviation0.2. The UIP-
orrelations are normally distributed in the (0,1) interval, whereas theremaining 
orrelation terms are uniformly distributed.About the parameters of the monetary poli
y rea
tion fun
tion, we follow Smets andWouters (2005)and Adjemian, Darra
q Pariès, and Smets (2008) quite 
losely. The inter-est rate smoothing parameter follows a Beta distribution with parameters 0.75 and 0.1.The parameters 
apturing the response to 
hanges in in�ation and output gap follow aGamma distribution with parameters 0.3 and 0.1, and 0.12 and 0.05, respe
tively. Con-20See Calza, Mona
elli, and Stra

a (2007).21See, among others, Smets and Wouters (2005).22Four sho
ks deviate from this assumption: ε

Q
t , whi
h is uniformly distributed over [0, 20], εH

t and
ε

Q∗
t , whi
h are U [0, 10], and εI∗

t , whi
h follows an Inverted Gamma (0.5, Inf).19




erning the short-run response to in�ation and output gap, the prior distributions area Normal with mean 1.5 and standard deviation 0.25, and a Gamma with parameters0.12 and 0.05, respe
tively. About preferen
e parameters, the intertemporal elasti
ity ofsubstitution, whi
h is 
ommon to both household types, follows a Gamma distributionwith mean 1 and standard deviation 0.375. The habit formation parameters are spe
i�
to savers and borrowers, following a Beta distribution with parameters 0.5 and 0.1. Theelasti
ity of labor supply is the same for both household types and se
tors, and has aGamma(2, 0.75) prior distribution. On the produ
tion side, the adjustment 
ost parame-ter for investment and the 
apa
ity utilization elasti
ity, whi
h are 
ommon to residentialand non-residential se
tors, follow respe
tively a Normal(4, 1.5) and a Beta(0.5, 0.15)prior distributions. About nominal rigidities, the Calvo parameters for pri
e setting inthe non-residential se
tor and wage settings in ea
h se
tor are distributed a

ording toa Beta distribution with mean 0.75 and standard deviation 0.0523. The indexation pa-rameters are instead 
entered around 0.5, with a standard deviation of 0.15. Finally,
on
erning the open e
onomy parameters, we use fairly noninformative distributions forthe elasti
ity of intratemporal substitution, the parameters related to the share of PCPprodu
ers, the degree of home bias in 
onsumption and the elasti
ity of foreign ex
hangerisk premium with respe
t to past ex
hange rate 
hanges. The prior on the elasti
ity ofthe risk premium to net foreign assets is a Normal(1,0.25), the parameter being re-s
aledby a fa
tor 100.The main estimated parameters driving the aggregate amount of 
redit fri
tions in bothe
onomies are the 
ountry-spe
i�
 shares of impatient agents (ω and ω∗). In the ben
h-mark estimation, the priors for those parameters are set as Beta distribution, with mean0.35 and standard deviation 0.05. This 
hoi
e is similar to the one of Ia
oviello and Neri(2009). The model is still well-de�ned when the share of borrowers goes to zero so that theestimation of the parameters is not a�e
ted by a singular point in zero. Given the 
ru
ialrole of ω and ω∗ in the model, we also investigate the �t of the model with alternativeprior distributions. We return to this in the next se
tion.3.3 Posterior distributionsTable 1 reports the mode, the mean and the 10th and 90th per
entiles of the posteriordistribution of the stru
tural parameters, obtained using the Metropolis - Hastings algo-23In the estimation exer
ise we impose that the same level of nominal rigidity applies to the saver'sand borrower's wages in a given se
tor. Su
h restri
tion is motivated by the availability of se
tor-spe
i�
,as opposed to individual-spe
i�
 data on wages. 20



rithm. Some of the results are similar to estimates found in the literature using similarmodels, without a housing se
tor for the US and the euro area (see for example Smetsand Wouters (2005) or Adjemian, Darra
q Pariès, and Smets (2008)). We 
on
entratehere on those features that are more 
losely related to our expanded modeling frameworkwith respe
t to the se
toral stru
ture of the e
onomy and the heterogeneity of households'types.Among the sto
hasti
 exogenous disturban
es, the government expenditure, UIP risk pre-mium and housing preferen
e sho
ks have the highest estimated persisten
e. In parti
ular,the estimated means for the autoregressive parameter of the housing preferen
e sho
ksare 0.97 for the US and 0.99 for the Euro Area. Su
h a high estimated degree of per-sisten
e suggests that the pro
ess will tend to explain a lot of the long horizon fore
asterror varian
e of the real variables. In general, the housing se
tor pro
esses display ahigh persisten
e, as the estimated values for ρAD, ρLTV and ρH all lie above 0.93 in both
ountries.About the behavioral parameters, the intertemporal elasti
ity of substitution, σC , is wellbelow the prior mean: the estimated posterior means are in fa
t 0.64 for the U.S. and1.06 for the Euro Area. The habit persisten
e parameters (hB and hS, respe
tively)indi
ate a mu
h lower degree of persisten
e in the 
onsumption plans of the borrowers,as opposed to the savers, in both areas. The estimated degrees of pri
e sti
kiness inthe non-residential goods se
tor are generally higher than the prior mean (0.75), and inparti
ular the estimates are higher in the Euro Area than in the U.S., 
on�rming a resultreported in Smets and Wouters (2005) and Adjemian, Darra
q Pariès, and Smets (2008).In the ben
hmark estimation, residential property pri
es are spe
i�ed as �exible. Thisassumption is supported by estimations of Calvo parameters for the residential goodspri
e setting very 
lose to zero in both 
ountries (results not reported here). Given su
hlow levels of nominal rigidities, we preferred to keep the �exible pri
e assumption. Wagesare estimated to be slightly more �exible in the Euro Area, both in the non-residentialand in the residential se
tor. All the indexation parameters, however, seem to be poorlyidenti�ed, as indi
ated by the similarity of prior and posterior distributions.Regarding open-e
onomy parameters, our estimates are broadly similar to the ones of Ad-jemian, Darra
q Pariès, and Smets (2008), with nonetheless a lower estimate for the tradeelasti
ity. Finally, about the monetary poli
y rea
tion fun
tion, the baseline estimatestend to suggest that monetary poli
y rea
ted relatively more strongly to in�ation in theU.S. than in the euro area over the estimation sample. Interest rate smoothing was alsomore pronoun
ed in the euro area. 21



We turn now to the parameters 
apturing the share of borrowers in ea
h e
onomy (ωand ω∗). In the baseline spe
i�
ation, the estimated posterior modes are 0.24 and 0.19,respe
tively for the US and the euro area. Su
h values are below the prior mean, whi
his set at 0.25. The shape of the posterior distributions suggests that the data are notvery informative on this dire
tion. We therefore 
ondu
t some sensitivity analysis on theprior spe
i�
ation of ω and ω∗ . Table 4 reports the estimates obtained when the priordistributions are shifted towards a mean of 0.5. In this 
ase the estimated posterior modesare 0.46 and 0.42, respe
tively. Again, a look at prior and posterior distributions suggestsa la
k of information from the data. We also estimate the model using uniform priors,whi
h leads to posterior values for the shares around 5% (estimation not reported here).Notably, however, even with uninformative priors, the estimation never sets the share ofborrowers to 0, whi
h would be possible in our parametri
 setting. In terms of marginallog-data density, the value rea
hed in the ben
hmark spe
i�
ation is -2485.19 , 
omparedto -2509.115 with high-share priors and -2478.3 with uniform priors.Overall, our results suggests that ω and ω∗ are not strongly identi�ed given the datasetused. The presen
e of borrowers does not seem to be reje
ted, as all spe
i�
ations leadto stri
tly positive values for su
h shares, but model 
omparison based on marginal datadensity would favor lower shares than in the ben
hmark estimation. A possible explana-tion for su
h a weak identi�
ation is related to the informational 
ontent of the observablevariables, as opposed to the model-generated series. Although the model de�nes individ-ual 
onsumption plans for borrowers and savers, in pra
ti
e only aggregate 
onsumptiondata are observable in ea
h se
tor, for a given 
ountry. Therefore, it is di�
ult to extra
tinformation on individual 
hara
teristi
s - su
h as habit persisten
e in 
onsumption, orthe relative weight of patient and impatient agents in the group of 
onsumers - fromaggregate data. Consequently, the prior distributions will have a substantial impa
t onthe posterior estimates and should be 
arefully 
hosen based on e
onomi
 informationwhi
h may not be adequately re�e
ted in the dataset. The prior spe
i�
ations adopted inour exer
ise seem satisfying in terms of steady-state aggregate levels of households' debt
ompared to GDP and are in line with those adopted in similar studies (see Ia
oviello andNeri (2009)).3.4 Se
ond order momentsTable 5 
ompares some sele
ted se
ond-order moments implied by the estimated modelto the 
orresponding moments measured in the data. We use both linearly detrended and22



HP-�ltered data 24.In terms of real variables 
omovement, we mat
h the sign of almost all 
orrelations. Inparti
ular, we repli
ate the negative 
omovement between the ex
hange rate and the
urrent a

ount, and the negative 
orrelation between relative 
onsumption and the realex
hange rate, thus a

ounting for the 
onsumption-real ex
hange rate anomaly (see Chari,Kehoe, and M
Grattan (2002)). Our setup, in
luding various types of sho
ks, thus appearsto be more appropriate than standard stylized NOEM models in generating su
h anobserved feature of the data. Given our set of 
ommon sho
ks a
ross 
ountries, the
ross-
ountry 
orrelation of output is positive in the model, although lower than in thedata. The measured 
omovement of 
onsumption in the data is not robust to the �lteringmethod nor to slight modi�
ations in the sample length: still, the model generates too low
orrelation. The presen
e of 
ommon trends in the exogenous sho
ks to non-residentialgoods produ
tivity, monetary poli
y and CPI helps the model generating enough 
ross-
ountry spillovers, whi
h are re�e
ted into small but positive international 
orrelations inreal a
tivity.The volatilities of US residential and business investment are slightly underestimated inthe model with respe
t to the data. In the euro area, the estimated standard deviation ofresidential investment is higher than the observed one, whereas the volatilities of housepri
es and business investment are lower. About the open e
onomy variables, the estimatesdisplay and overweighted ex
hange rate volatility and an underweighted 
urrent a

ountvolatility. Overall, a better mat
h between the data and the estimated model is obtainedwhen we use HP-�ltered series.Turning now to the housing variables, the 
orrelations of 
onsumption and residentialinvestment with real house pri
es are qualitatively reprodu
ed by the model, albeit onthe low side 
on
erning 
onsumption. However, the model-generated 
orrelations of 
on-sumption and aggregate output with residential investment are substantially below thesample ones. This may suggest the introdu
tion of some 
ommon sho
ks a
ross se
tors,su
h as government spending or produ
tivity sho
ks. Regarding the 
ross-
ountry 
or-relations of housing pri
es and residential investment, some attention should be devotedto the measurement of international 
omovement in the housing se
tor. Over the fullestimation sample, the 
ross-
ountry 
omovement of residential investment is negativewhen we use detrended data, but positive with HP �ltering. For real housing pri
es, the24More pre
isely, the di�erent sep
i�
ations of the model are all estimated on linearly detrended data.When reporting se
ond-order moments, we �lter the model statisti
s using linear detrending and HP�lter, respe
tively. Columns 2 to 4 and 5 to 8 in Table 5 thus 
ompare model-generated moments withthe data, using the same �ltering pro
edure. 23




orrelation is positive and lower with HP �ltering than with detrending. Against thisba
kground, the model implies almost no 
orrelation for both housing pri
es and residen-tial investment. Given the un
ertainty about the true eviden
e to mat
h, it is importantto identify the type of stru
tural disturban
es whi
h 
an allow for either positive or neg-ative 
ross-
ountry 
orrelations. We address su
h issue in the next se
tion. Turning topri
es, although the full-sample 
ross-
ountry 
orrelation of house pri
es is positive, the
omovement be
omes negative if we ex
lude the period 1998 q1: 2005 q4. During su
hperiod in fa
t, house pri
es in both 
ountries show some 
lear eviden
e of a higher lo
altrend, whi
h a simple linear detrending pro
edure 
annot 
ompletely o�set25. Therefore,when fo
using on the most stable part of our dataset, we 
an infer that a negative interna-tional 
omovement is a
tually observed in the data for both house pri
es and residentialinvestment. All in all, it is very likely that the size of our sample is not large enough to
apture the un
onditional se
ond order moments of housing data given the 
onsiderablelength of 
y
li
al �u
tuations in the housing se
tor. The dataset may in fa
t only 
overtwo medium-term housing 
y
les.A �nal 
onsideration regards the impli
ations of stronger 
redit fri
tions in terms of sim-ulated moments. Table 5 also presents the out
ome from the estimated model with highpriors on the shares of borrowers26. The High-Borrower spe
i�
ation seems to improveupon the ben
hmark model in several dimensions. In parti
ular, the domesti
 
orre-lations between 
onsumption and housing variables are slightly higher. Moreover, the
ross-
ountry 
orrelations of 
onsumption, and to a lesser extent, housing variables in-
rease marginally.3.5 The 
ontribution of housing sho
ks to e
onomi
 �u
tuationsTable 6 reports the un
onditional varian
e de
omposition of the ma
roe
onomi
 vari-ables, emphasizing the 
ontribution of housing-related stru
tural sho
ks. The aggregaterole of housing sho
ks (both on the supply side, as in the 
ase of te
hnology and LTV-ratio sho
ks, and on the demand side, as for the housing preferen
e sho
k) is parti
ularlyrelevant in explaining the dynami
s of housing produ
tion and house pri
es. Housingpreferen
e sho
ks are the main determinants of real house pri
e �u
tuations, while they
ontribute less than se
tor-spe
i�
 produ
tivity sho
ks in explaining residential invest-ment. Con
erning household debt in the two areas, housing preferen
e and loan-to-valueratio (LTV) sho
ks explain more than 75% of the volatility. This re�e
ts the model25Over the same period, residential investment also shows signs of a trend, espe
ially in the US.26The 
orresponding posterior estimates are reported in Table 424



me
hani
s, with the borrowers adjusting very sharply and immediately to sho
ks thatdire
tly a�e
t the 
ollateral 
onstraint27. Overall, the relative �exibility of house pri
esallows for signi�
ant adjustments in response to se
toral sho
ks.The spillovers of housing-related sho
ks to the non-residential goods se
tor are modest.Housing preferen
e sho
ks explain around 5% and 3% of 
onsumption volatility in theeuro area and the US respe
tively, while the 
ontribution of LTV and produ
tivity sho
ksis lower. Regarding other domesti
 variables, a relevant feature 
on
erns the 
ontribu-tion of housing preferen
e sho
ks to CPI in�ation and nominal interest rate �u
tuations,whi
h range between 5 and 10% in the euro area. Su
h results are related to the higherpersisten
e of the sho
k for the euro area as shown in the previous subse
tion.Turning to the open-e
onomy dimension, housing sho
ks are essentially a�e
ting a non-tradable se
tor with �exible pri
es. Consequently, with interest rate rules targeting thenon-residential in�ation rate, both the dire
t trade 
hannel and the s
ope of ex
hange-rateadjustment are relatively muted in response to housing sho
ks, 
ompared with distur-ban
es originating from the tradable se
tor. Regarding more spe
i�
ally the internationalspillovers on real a
tivity, the role of housing sho
ks is indeed quite limited. In addi-tion, the estimated model implies a relatively low transmission of domesti
 sho
ks a
ross
ountries28.In order to explore the sensitivity of the stru
tural de
omposition of business 
y
le �u
-tuations to the amount of 
redit fri
tions in the e
onomy, Table 7 repli
ates the previousexer
ise moving the share of borrowers in the two 
ountries to zero and to the esti-mates obtained in the High-Borrower 
ase. We observe that the stru
tural de
ompositionof house pri
e and residential investment �u
tuations are hardly a�e
ted by the size of
redit-
onstrained 
onsumers in the e
onomy. Therefore, the main impli
ations of varyingthe borrowers' shares 
an be analyzed through the aggregate substitution e�e
t betweenresidential and non-residential goods, whi
h guides the ma
roe
onomi
 transmission frompri
es and quantities in the residential se
tor to 
onsumption and non-residential invest-ment. Consumption is the most a�e
ted variable: the 
ontribution of housing-relatedsho
ks rea
hes 23% in the US and 17% in the euro area with high shares of borrowers,against less than 1% when borrowers are absent. A similar pattern is observed for GDP.27This is typi
ally the 
ase of LTV sho
ks and housing preferen
e sho
ks, whi
h have a sizeable in�uen
eon real housing pri
es and thus on the 
ollateral value.28A limited role for 
ross-
ountry spillovers is a usual result in the literature (see Adjemian, Dar-ra
q Pariès, and Smets (2008) among others).
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4 Housing sho
ks and the international business 
y
leIn this se
tion we provide a positive analysis of the role played by the housing se
toras both a part of the transmission me
hanism and an independent sour
e of e
onomi
�u
tuations29. The impulse response fun
tions analyzed here are based on the ben
hmarkestimated model. We also illustrate the e�e
ts of varying the degree of 
redit fri
tionsby 
omparing the out
omes of the ben
hmark model to the ones obtained by assumingeither that the borrowers are absent, or that their share in the e
onomy 
orresponds tothe High-Borrower 
ase.4.1 Housing preferen
e sho
kA housing preferen
e sho
k is de�ned here as an exogenous sto
hasti
 perturbation to themarginal rate of substitution between non-residential and residential 
onsumption in theutility fun
tion of ea
h agent. A positive housing preferen
e sho
k thus generates a surgein housing demand and house pri
es (see Figures 5 and 6). Both e�e
ts are quite persistentover time, so that pri
es and quantities are still well above their steady state value after 20quarters. The most interesting e�e
t 
on
erns the impa
t response of 
onsumption, whi
his positive and in
reasing in the share of borrowers. The positive response of aggregate
onsumption is due to the 
ollateral 
hannel : by issuing more debt - made possible by thepositive valuation e�e
t of higher house pri
es on the existing 
ollateral - the borrowers 
an�nan
e extra 
onsumption, thus 
onsuming immediately more. Monetary poli
y respondsto a generalized in
rease in domesti
 demand by raising the interest rate, whi
h in turn
auses an ex
hange rate appre
iation. The 
urrent a

ount deteriorates by a small amounton impa
t and the ex
ess domesti
 demand in the sour
e 
ountry leads to a positive e�e
ton foreign output. The size of this spillover ranges between 0.05 and 0.1 whi
h is, asexpe
ted, smaller than the one originating from demand sho
ks in the tradable se
tor.The ex
hange rate adjustment 
oupled with a monetary poli
y tightening indu
es in theforeign 
ountry a broad substitution e�e
t away from nonresidential and domesti
ally-produ
ed residential goods. As a result, house pri
es and residential investment fall inthe foreign 
ountry.All the above-mentioned e�e
ts are ampli�ed when the share of borrowers in
reases: theampli�
ation mainly re�e
ts the me
hani
al aggregation a
ross the two di�erent groupsof 
onsumers. Without borrowing instead, the response of domesti
 
onsumption to the29See the working paper version for a 
omplete analysis of the transmission me
hanism of non-housingsho
ks. 26



housing preferen
e sho
k is muted. Intuitively, without impatient households, there isno positive e�e
t of higher house pri
es on 
onsumption, be
ause there is no 
ollateralto be a�e
ted. The in
rease in house pri
es generates a higher user 
ost of housingfor the savers (who now represent the entire group of households in the e
onomy) and
alls for a substitution from residential investment to 
onsumption. However, the overallin
rease in domesti
 aggregate demand is lower than in the presen
e of borrowers. Therequired in
rease in the interest rate is therefore mu
h smaller, and so is the ex
hangerate appre
iation. The e�e
t on the 
urrent a

ount is 
onsequently redu
ed, so that thespillover on foreign output falls by a half 
ompared to the baseline 
ase.4.2 Housing te
hnology sho
kA positive produ
tivity sho
k in the residential se
tor generates a sharp and persistentredu
tion in house pri
es, whi
h are more �exible than nonresidential goods pri
es (seeFigures 7 and 8). Intuitively, �rms in the housing se
tor 
an almost fully exploit thete
hnology improvement by adjusting pri
es and quantities in opposite dire
tions. Resi-dential investment indeed in
reases signi�
antly on impa
t, with a persistent e�e
t. Thebehavior of domesti
 demand follows from the individual responses to the sho
k. For thesavers, an in
rease in housing supply, a

ompanied by a redu
tion in pri
es, generates ahigher demand for residential investment. Moreover, the de
rease in house pri
es lowersthe savers' user 
ost of housing, generating a substitution e�e
t from nonresidential toresidential goods. Wage in
ome also in
reases for the savers, who are a

ommodating thein
rease in labor demand in the residential-goods se
tor through the provision of morelabor supply. The reverse holds true for the borrowers. A sustained de
rease in housepri
es indu
es a negative valuation e�e
t on the existing 
ollateral, making borrowingmore 
ostly. As a result, the borrowers demand less of both goods 
ompared with thesavers, and debt de
reases on impa
t in the sour
e 
ountry. In addition, the borrow-ers have a stronger in
entive to substitute residential investment for 
onsumption goodsin order to relax their 
ollateral 
onstraint. The resulting negative aggregate e�e
t on
onsumption redu
es CPI in�ation, while aggregate output in
reases slightly.Turning to the open-e
onomy dimension, the transmission 
ru
ially depends on the re-sponse of monetary poli
y to aggregate demand. In the ben
hmark 
ase, aggregate de-mand in
reases - re�e
ting the large in
rease in housing demand whi
h o�sets the fallin 
onsumption - and in�ation falls. The 
entral bank responds by raising the interestrate. As a result, the ex
hange rate appre
iates. The e�e
t on the 
urrent a

ount is very
lose to zero, and a very small positive spillover is generated on foreign output. Foreign27



demand for domesti
ally-produ
ed goods falls, as well as house pri
es and debt.In
reasing the share of borrowers in the Home 
ountry reinfor
es the substitution e�e
tin favor of residential goods (as testi�ed by a lower aggregate user 
ost of housing), whi
hdampens the initial response of aggregate 
onsumption. Aggregate output also falls belowits steady-state level in the �rst quarter after the sho
k. Given the downward pressures on
onsumer pri
es, monetary poli
y responds by de
reasing the nominal interest rate, andthe ex
hange rate appre
iation is redu
ed by one half with respe
t to the baseline 
ase.The 
urrent a

ount now improves more, and a marginal negative spillover is generated onforeign output, with a small but positive substitution e�e
t from the nonresidential to theresidential goods se
tor. Conversely, setting the share of borrowers to zero in
reases Homeoutput, and 
alls for an in
rease in the nominal interest rate. The ex
hange rate appre
i-ation be
omes larger than in the ben
hmark 
ase, the 
urrent a

ount now deteriorates,and the the positive spillover on Foreign output is stronger.4.3 Loan-to-value ratio sho
kA positive sho
k to the loan-to-value (LTV) ratio 
orresponds to an exogenous, temporaryin
rease in the availability of funds to the borrowers in the domesti
 e
onomy (see Figures9 and 10). The borrowers thus demand more of both goods, driving house pri
es up. Inparti
ular, the relative �exibility of pri
es in the housing se
tor originates a sharp andsustained in
rease in house pri
es, whereas 
onsumption-goods in�ation moves slowly, dueto nominal rigidities. Debt in
reases, fostered by the positive valuation e�e
t of higherhouse pri
es on the existing 
ollateral, and by the exogenous in
rease in the LTV ratio.The rise in house pri
es in
reases the user 
ost of housing for the savers and generates asubstitution e�e
t from residential investment to 
onsumption. The in
rease in in�ation
alls for an interest rate rise. As a 
onsequen
e, the ex
hange rate appre
iates on impa
tand the 
urrent a

ount deteriorates in the short term. However, the initial ex
hange rateappre
iation is rapidly followed by a depre
iation of a similar magnitude. The LTV sho
kgenerates a positive spillover on foreign output. The size of the spillover on e
onomi
a
tivity is however smaller 
ompared to the e�e
ts of a housing preferen
e sho
k, notablyre�e
ting a more moderate ex
hange rate adjustment. A broad substitution e�e
t isobserved in the Foreign e
onomy, away from residential goods and domesti
ally produ
ednon-residential goods.An in
rease in the share of borrowers reinfor
es the 
ollateral 
hannel in the Home 
oun-try30. Demand and pri
es in
rease more in both se
tors, thus requiring a stronger response30Clearly, we do not 
onsider here the 
ase of no borrowers, whi
h would imply the absen
e of a debt28



of monetary poli
y to in�ation. The ex
hange rate swings are more pronoun
ed, and allthe previously des
ribed spillover e�e
ts on the Foreign 
ountry are ampli�ed.4.4 Summing upThis se
tion has provided a detailed des
ription of the transmission of housing-relatedsho
ks, with a spe
ial fo
us on the role played by 
redit market imperfe
tions. Overall,
redit fri
tions alter the relative responses of aggregate 
onsumption and non-residentialinvestment to exogenous sho
ks. More pre
isely, moving the share of borrowers is im-pli
itly equivalent to attributing more or less importan
e to 
redit 
onstraints, thus in-�uen
ing the propagation of standard demand and supply sho
ks. The housing se
torplays a spe
ial role in the model, due to its dual nature of �exible-pri
e, non-traded goodsprodu
ing se
tor. On the one hand, pri
es and quantities are free to adjust almost instan-taneously in response to external sho
ks, so that impa
t e�e
ts are typi
ally large. Onthe other hand, as the residential investment good is non-traded, se
toral sho
ks typi
allygenerate small and indire
t spillover e�e
ts on foreign 
ountry variables. The residentialse
tor is therefore somewhat una�e
ted by shifts in the share of borrowers: the impa
tresponses of pri
es and quantities are large enough that varying the size of the borrowers'group only marginally a�e
ts the overall adjustment. Nonetheless, stru
tural housing-related sho
ks generate signi�
ant spillovers to non-residential 
onsumption through the
ollateral 
hannel and therefore the share of borrowers in the e
onomy.On the open-e
onomy side, housing-related sho
ks expand the dynami
 
orrelation prop-erties of the model, whi
h may help 
apturing important features of the dataset. Inparti
ular, there is eviden
e that the 
ross-
ountry 
omovement of residential investmentand house pri
es may have been negative over an extended period of time. The traditional"
losed e
onomy" set of non-housing related sho
ks generally indu
es a positive 
orrela-tion in both house pri
es and residential investment a
ross 
ountries. Only open-e
onomysho
ks like foreign ex
hange risk premium or relative home bias disturban
es generatestrong asymmetri
 responses for most of the variables a
ross 
ountries. The introdu
tionof housing sho
ks turns out to be helpful on this dimension. While housing te
hnologysho
ks require the absen
e of borrowing to generate a negative 
orrelation between homeand foreign residential investment, the same result is obtained in the baseline estimationfor housing preferen
e, and to a lesser extent, loan-to-value ratio sho
ks. More spe
i�-
ally, the in
rease in domesti
 demand indu
ed by larger borrowing leads to an interestrate raise and an ex
hange rate appre
iation. Exports of non-residential goods in
rease.
hannel, and prevent the existen
e of any LTV-ratio sho
ks.29



In the Foreign 
ountry the in
rease in the interest rate redu
es the demand for residentialinvestment, whi
h in turn drives house pri
es down. Housing preferen
e sho
ks 
an thusreprodu
e sizeable negative international 
omovement in residential investment.5 Monetary poli
y and housing pri
esIn this se
tion we examine the relationship between monetary poli
y and housing pri
esalong two dimensions. First, we evaluate whether the histori
al monetary poli
y 
ondu
tin the US and the euro area features a spe
i�
 response to house pri
es. Se
ond, we
ompare the ma
roe
onomi
 transmission of housing sho
ks under the estimated Taylorrules to the one generated under the optimal monetary poli
y 
ooperation. A 
ompleteanalysis of the normative pres
riptions that 
ould be derived in our framework is beyondthe s
ope of this paper, and is left for future resear
h.5.1 The model with an augmented Taylor ruleWe report here the results of an additional estimation exer
ise, in whi
h we allow the
entral bank in ea
h area to respond to �u
tuations in house pri
es. In terms of modelingassumptions, this amounts to augmenting the spe
i�ed Taylor rules by in
luding relativehouse pri
e 
hanges as poli
y target variables.The last three 
olumns of 4 report the results obtained when we 
onsider the followingmodi�ed Taylor rule31:
rt = ρrt−1 + r∆π (πt − πt−1) + (1 − ρ) (rππt−1 + ryyt−1) + r

∆y
∆yt + r∆TD

∆tD,t + log
(
εR

t

)(26)We use a N(0,0.5) prior distribution for the parameter r∆TD
(and r∗∆TD

), thus allowing, inprin
iple, for both positive and negative systemati
 responses to house pri
e in�ation. The
orresponding estimated posterior modes equal 0.10 in the US and 0.17 in the euro area,respe
tively. Both 
entral banks thus feature a systemati
 mild in
rease in the interest ratein response to positive housing in�ation rates. The estimates of the remaining parametersin the rule are quite robust to the modi�
ation, with the only ex
eption of r∗π - the responseto the in�ation rate in the euro area - whi
h in
reases from 0.84 to 1.4732.Interestingly, the in
lusion of these two additional 
oe�
ients in the estimation set largelyimproves the �t of the model: the log marginal density in
reases from -2485.19 in the31An analogous expression is used for the euro area monetary poli
y rule.32Several studies have do
umented the weak identi�
ation of the in�ation level term in the poli
y rule,whose inferen
e proves not to be robust to slight 
hanges in priors or rule spe
i�
ation (see Adjemian,Darra
q Pariès, and Moyen (2007) or Adjemian, Darra
q Pariès, and Smets (2008) for example).30



ben
hmark spe
i�
ation to -2450.12 in the augmented-rule 
ase. We 
ould therefore 
on-
lude - using a goodness-of-�t 
riterion - that a more a

urate des
ription of the histori
al
ondu
t of monetary poli
y in the US and the euro area over the estimation sampleshould in
lude a systemati
 small but positive response to house pri
e in�ation33 . Asimilar exer
ise is performed in Fino

hiaro and Queijo von Heideken (2007), who esti-mate a 
losed-e
onomy model for the U.S. with a housing se
tor and 
redit fri
tions fa
edby households and entrepreneurs, as in Ia
oviello (2005). Using di�erent spe
i�
ationsfor the monetary poli
y rule, they show that, over the sample 1983 Q1: 2006 Q4, theeviden
e does not support an a
tive response of the Federal Reserve Bank to housingpri
e �u
tuations. Our results thus 
ontrast with theirs. Possible explanations for thedi�erent �ndings may in
lude: (i) the (augmented) Taylor rule spe
i�
ation, whi
h in our
ase also in
ludes variations in in�ation and output, as opposed to only levels as in theirexer
ise; (ii) the estimated degrees of nominal rigidities in the goods and labor market: inparti
ular, our estimates for the wage sti
kiness parameter are relatively higher; and (iii)the open-e
onomy dimension, whi
h is absent in their framework, and may signi�
antlyin�uen
e the estimated monetary poli
y 
ondu
t over the sample period.Some further observations 
on
ern the histori
al role of housing preferen
e sho
ks in ex-plaining business 
y
le �u
tuations. Augmenting the monetary poli
y rule has two main
onsequen
es (results not reported here). First, housing preferen
e sho
ks a

ount for alarger fra
tion of the poli
y rate volatility. The interest rate in fa
t is now allowed toendogenously respond to �u
tuations in house pri
es, whi
h in turn are mainly driven byhousing preferen
e sho
ks in the model. Flu
tuations in the poli
y rate will thus partlyre�e
t the need to 
ountera
t the e�e
t of in�ationary demand sho
ks in the housing se
-tor. Se
ond, and related to the previous point, housing preferen
e sho
ks explain mu
hless of residential investment volatility, and to a lesser extent, of real house pri
e �u
tu-ations. The e�e
t is robust a
ross 
ountries. In the ben
hmark spe
i�
ation, a positivedemand sho
k in the housing se
tor - whi
h moves residential investment and house pri
esin the same dire
tion - has a large and signi�
ant e�e
t on residential investment. Whenmonetary poli
y is allowed to respond to housing in�ation, the interest rate will moveup in response to a positive demand sho
k. As a 
onsequen
e, the 
ost of borrowing will33Beyond marginal data density 
omparison, we also assess the model's ability to repli
ate the sele
tedse
ond moments reported in 5. Along this dimension, the augmented Taylor rule model does not providea strong departure from the patterns obtained in the ben
hmark 
ase. At the margin, the enri
hedmodel redu
es the 
orrelation between non-residential 
onsumption and real house pri
es 
ompared tothe ben
hmark 
ase, notably for the US, whi
h may be less in line with data. At the same time, lookingat the in-sample root mean square errors, the augmented Taylor rule model provides some improvementson most of the variables, in parti
ular on real quantities (results are not reported here).31



in
rease, dampening the initial in
rease in the demand for housing. Overall, residentialinvestment will �u
tuate less in response to movements in pri
es when the 
entral bank ismore rea
tive. Real house pri
e �u
tuations will be redu
ed as well by the 
ountera
tinge�e
t of the monetary tightening.Both e�e
ts are immediately re
ognized by looking at the impulse response fun
tionsasso
iated to a housing preferen
e sho
k, reported in Figure 11. When monetary poli
yresponds to housing in�ation, a larger in
rease in the poli
y rate is required in responseto the sho
k. The tightening redu
es the initial in
rease in house pri
es and partially
ounterbalan
es the surge in residential investment. Moreover, the overall e�e
t on non-residential 
onsumption be
omes negative, for the ampli�ed in
rease in the interest rateneutralizes the positive 
ollateral e�e
t on 
onsumption.Summing up, some degree of systemati
 response to house pri
e in�ation should 
har-a
terize the histori
al 
ondu
t of monetary poli
y in the two areas over the estimationsample, at least a

ording to model �t analysis. Importantly, under su
h behaviour, thetwo e
onomies would not display a positive e�e
t on nonresidential 
onsumption after ahousing demand sho
k, sin
e the automati
 in
rease in the interest rate would be su�
ientto o�set the positive valuation e�e
t of higher house pri
es on the existing 
ollateral. Thenext subse
tion dis
usses the transmission of the same sho
k under optimal monetarypoli
y 
ooperation.5.2 The optimal monetary poli
y response to housing sho
ksIn order to derive the international monetary poli
y 
oordination we pro
eed as Adjemian,Darra
q Pariès, and Smets (2008) and follow the Ramsey approa
h by formulating anin�nite-horizon problem of maximizing the 
onditional expe
ted so
ial welfare subje
tto the full set of non-linear 
onstraints that de�ne the 
ompetitive equilibrium of themodel34. Sin
e we are mainly interested in 
omparing the ma
roe
onomi
 stabilizationperforman
es of di�erent monetary poli
y regimes within a medium-s
ale open e
onomyframework in
luding a wide set of sho
ks and fri
tions, we assume a �s
al intervention,namely subsidies on labor and goods markets, to o�set the �rst-order distortions 
ausedby the presen
e of monopolisti
 
ompetition. From an operational point of view, we haveto fa
e the issue that the zero lower bound on the nominal interest rate is an o

asionallybinding 
onstraint. To avoid high probabilities of hitting the zero bound under the Ram-sey allo
ation, we thus follow Woodford (2003) in introdu
ing a quadrati
 term in thehouseholds welfare measure of ea
h 
ountry, to penalize variations in the nominal interest34The �rst order 
onditions to this problem are obtained using symboli
 Matlab pro
edures.32



rate:
WR

H,t = ωWB
H,t + (1 − ω)WS

H,t + λREt

∞∑

j=0

βj (Rt+j − R⋆)2

WR
F,t = ω∗WB∗

F,t + (1 − ω∗)WS∗
F,t + λ∗

REt

∞∑

j=0

βj
(
R∗

t+j − R⋆
)2where λR and λ∗

R are the weights atta
hed to the 
ost of nominal interest rate �u
tuations.Instead of �xing this parameter to mat
h a parti
ular value of the probability to hit thezero bound, we pragmati
ally 
alibrate those parameters so that, under the operationaloptimal monetary poli
y 
oordination, the un
onditional varian
e of the nominal interestrates are 
lose to the ones obtained with the estimated rules. The penalty needed toa
hieve those standard deviations is substantially higher in the US than in the euro area.Under this assumption, the probability to hit the zero bound is reasonably low, even forzero steady-state in�ation, whi
h implies that the steady-state real rate is more than threetimes the standard deviation of the interest rate35.The introdu
tion of a housing se
tor and household 
redit fri
tions brings several impor-tant dimensions to the analysis of optimal monetary poli
y 
ooperation. On the supplyside, monetary poli
y has to fa
e poli
y tradeo�s stemming from the se
toral stru
tureof the e
onomy, whi
h are reinfor
ed by nominal rigidities in pri
e and wage setting (seefor example Aoki (2001) on this point). Moreover, the presen
e of a durable good hasrelevant impli
ations for the optimal allo
ation, as analyzed by Er
eg and Levin (2005).Finally, households heterogeneity and 
ollateral 
onstraints may not only 
hange the pol-i
y dilemma regarding pri
e stability and the stabilization of real quantities, but alsointrodu
e an additional poli
y obje
tive related to the dispersion of allo
ations a
rosshousehold types. The existen
e of imperfe
t risk sharing between borrowers and savers,in addition to international �nan
ial markets in
ompleteness, may in fa
t alter the tradi-tional optimal poli
y pres
riptions.5.2.1 Housing preferen
e sho
kIn this se
tion we restri
t our analysis to the assessment of the optimal poli
y toleran
efor relative house pri
e �u
tuations. More spe
i�
ally, we 
onsider the optimal monetarypoli
y 
ooperation in response to a housing demand sho
k, sin
e this sour
e of disturban
ehas been shown to generate, under standard Taylor rules, strong relative house pri
e
hanges and ample asymmetries in the savers' and borrowers' rea
tions (see Se
tion 3).35Note that with the indexation s
hemes introdu
ed in pri
e and wage setting, the Ramsey steady stateis 
onsistent with any in�ation rate. 33



Figures 11 and 12 
ompare the impulse response fun
tions to a housing demand sho
kunder three di�erent monetary poli
y spe
i�
ations: (i) the estimated interest rate rulesof the ben
hmark model, (ii) the estimated interest rate rules augmented with house pri
ein�ation, and (iii) the optimal international 
ooperation36 . Regarding domesti
 trans-mission, the optimal allo
ation generates a more muted response of real house pri
es andresidential investment 
ompared to the ben
hmark poli
y rules. The optimal spillover of apositive housing demand sho
k to non-residential 
onsumption is now negative, and aggre-gate output 
ontra
ts. These features are qualitatively unaltered under augmented inter-est rate rules, albeit with a more pronoun
ed pattern. Regarding international spillovers,the ex
hange rate appre
iates more on impa
t with the optimal and the augmented rulesthan in the ben
hmark 
ase. In the foreign 
ountry, the optimal allo
ation implies asharper adjustment of real variables while strongly stabilizing the in�ation rate. Lookingmore spe
i�
ally at the relationship between optimal poli
y and augmented interest rulesin the two areas, the similarities seems to be tighter for the US, espe
ially in terms ofdomesti
 transmission.In order to provide some intuition on the role of 
redit fri
tions in the optimal responseto house pri
es, the same exer
ise has been 
ondu
ted setting the share of borrowers tozero. The 
orresponding impulse responses are reported in Figures 13 and 14. Somedegree of 
ontrol on house pri
es is still present in the optimal allo
ation. However, the"lean against the wind" features of the augmented poli
y rules now di�er more from theoptimal allo
ation.The results illustrated above are 
onsistent with those obtained using optimal (welfare-based) simple interest rate rules. In parti
ular, we 
onsider the problem of optimally
hoosing the two 
oe�
ients on house pri
e in�ation in the augmented poli
y rules, inorder to maximize aggregate welfare under housing preferen
e sho
ks, keeping the otherparameters �xed. As expe
ted, the optimal 
oe�
ients are both positive, even thoughlower than in the estimated version of the model with augmented poli
y rules. In parti
-ular, the optimal response to house pri
es is higher for the US (0.04) than for the euroarea (0.02).Summing up, this se
tion has shown that, from a normative perspe
tive, some degreeof monetary poli
y rea
tion to �u
tuations in the pri
e of residential goods is 
onsistentwith the main features of optimal monetary poli
y 
ooperation, in response to a housing36 All the other stru
tural parameters, not dire
tly related to monetary poli
y, are �xed at the mode oftheir posterior distribution in the ben
hmark model estimation. When 
omparing these impulse responseto those presented in Se
tion 2, some di�eren
es 
an arise due to the fa
t that we assume here that publi
subsidies are o�setting steady-state distortions. 34



demand sho
k. Based on welfare 
omputations when only housing sho
ks are allowed, theaugmented Taylor rule estimation turns out to be welfare-improving 
ompared with theben
hmark 
ase, in parti
ular for the US e
onomy. Beyond this, the optimal allo
ationsuggests that the heterogenous responses a
ross households and the asso
iated welfarelosses in terms of imperfe
t risk sharing should be 
ountera
ted, even at the 
ost of mod-erate short-term in�ation volatility. The optimal international transmission of positivehousing demand sho
ks leads to a monetary poli
y tightening in the foreign 
ountry andto a negative adjustment of housing pri
es and quantities, as well as domesti
 demand fornon-residential goods.6 Con
lusionsIn this paper we have provided an original framework to explore the importan
e of housingmarkets and 
redit fri
tions for the monetary poli
y 
ondu
t in open e
onomy. We havereprodu
ed some stylized fa
ts for the US and the euro area, and provided a systemati
analysis of 
ross-
ountry business 
y
le dynami
s. In parti
ular, we have established thatwhile the 
ollateral 
hannel entails signi�
ant e�e
ts of housing-related sho
ks on reala
tivity domesti
ally, the international spillovers are relatively smaller than in the 
ase ofsho
ks that a�e
t the tradable se
tor. Regarding monetary poli
y, we have do
umentedthat, from a positive perspe
tive, an a

urate histori
al representation of monetary poli
y
ondu
t in the two areas over the sample should allow for a systemati
 response to housepri
e �u
tuations. Moreover, from a normative standpoint, su
h a poli
y 
ondu
t is foundto be welfare improving. Our results point to at least two dire
tions. First, a better
hara
terization of 
redit fri
tions may be required in order to understand the 
ross-
ountry propagation of housing sho
ks, and the related borrowing dynami
s. Se
ond, adeeper analysis of the optimal monetary poli
y 
ooperation under housing-related 
reditfri
tions may reinfor
e the preliminary results obtained here. We plan to explore su
hdimensions in future work.
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A Supplementary model des
riptionA.1 The borrower's programThe impatient agent maximizes (1) under (3) and (4) holding with equality37. We reportthe 
orresponding �rst order 
onditions in the next paragraph.Let us denote
Ũ ′X,t = εβ

t X̃t
−σC (27)

Ũ ′C,t =
(
1 − εD

t ωD

) 1
ηD

(
C̃t − hBC̃t−1

)− 1

ηD X̃
1

ηD
t Ũ ′X,t (28)

− βhB

(
1 − εD

t ωD

) 1

ηD

(
C̃t

X̃t

)− 1

ηD

Et





(
1 − εD

t+1ωD

) 1
ηD

(
C̃t+1 − hBC̃t

)− 1
ηD X̃

1
ηD

t+1Ũ ′X,t+1





Ũ ′D,t = εD
t ω

1

ηD

D

(
D̃t

X̃t

)− 1
ηD

Ũ ′X,t (29)The �rst order 
ondition related to non-residential 
onsumption and residential sto
k arerespe
tively,
Λ̃t = Ũ ′C,t (30)and

Λ̃tTD,t = (1 − χ) εLTV
t ΨtΛ̃tEt

{
TD,t+1

πt+1

Rt

} (31)
+Ũ ′D,t + β (1 − δ) Et

{
Λ̃t+1TD,t+1

}where Λ̃t and Λ̃tΨt are the multipliers asso
iated to 
onstraint (3) and (4), respe
tively.Finally, the marginal value of additional borrowing is de�ned by the following "modi�ed"version of the standard Euler equation
Ψt = 1 − βEt

{
Λ̃t+1

Λ̃t

Rt

πt+1

} (32)The set of optimality 
onditions is 
ompleted by the intratemporal trade-o� between
onsumption and leisure, whi
h is analyzed in detail later. By rearranging equation (31)it is possible to de�ne the borrower's user 
ost of residential investment as follows:
R̃D = TD,t

(
1 − εLTV

t (1 − χ) ΨtEt

{
TD,t+1

TD,t

πt+1

Rt

}
− β (1 − δ) Et

{
Λ̃t+1

Λ̃t

TD,t+1

TD,t

}) (33)37It is possible to show that the 
ollateral 
onstraint always binds in the deterministi
 steady state,under general 
onditions. We assume here that 
ontinues to hold in a su�
iently small neighborhood ofthe steady state, so that the model 
an be solved by taking a �rst order approximation.38



A.2 The saver's programLet us denote
U ′X,t = εβ

t Xt
−σC (34)

U ′C,t =
(
1 − εD

t ωD

) 1
ηD (Ct − hCt−1)

− 1

ηD X
1

ηD
t U ′X,t (35)

− γh
(
1 − εD

t ωD

) 1
ηD

(
Ct

Xt

)− 1
ηD

Et

{ (
1 − εD

t+1ωD

) 1

ηD (Xt+1)
1

ηD

(Ct+1 − hCt)
− 1

ηD U ′X,t+1

}

U ′D,t = εD
t ω

1

ηD

D

(
Dt

Xt

)− 1

ηD

U ′X,t (36)The �rst order 
ondition related to non-residential 
onsumption and residential sto
k arerespe
tively,
Λt = U ′C,t (37)and

ΛtTD,t = U ′D,t + γ (1 − δ) Et {Λt+1TD,t+1} (38)where Λt is the multiplier asso
iated with the budget 
onstraint.Patient households in both 
ountries are allowed to trade in two one-period nominalbonds, a domesti
 and a foreign one. First order 
onditions 
orresponding to the quantityof 
ontingent bonds imply that
Λt = RtγEt

[
Λt+1

Pt

Pt+1

] (39)
Λt = R∗

t ε
∆S
t Ψ


EtSt+1

St−1

− 1,
St

(
BF,t − BF

)

Pt


βEt

[
Λt+1

St+1Pt

StPt+1

]where Rt and R∗
t are one-period-ahead nominal interest rates for 
ountry H and F re-spe
tively.The previous equations imply an arbitrage 
ondition on bond pri
es whi
h 
orrespondsto a modi�ed un
overed interest rate parity (UIP):

Rt

R∗
t ε

∆S
t Ψ

(
EtSt+1

St−1
− 1,

St

(
BF,t−BF

)

Pt

) =
Et

[
Λt+1

St+1Pt

StPt+1

]

Et

[
Λt+1

Pt

Pt+1

] (40)Rearranging equation (38) yields the de�nition of the saver's user 
ost of residentialinvestment:
RD = TD,t

(
1 − γ (1 − δ)Et

{
Λt+1

Λt

TD,t+1

TD,t

}) (41)39



A.3 Labor supply and wage settingThe �rst-order 
ondition for the wage setting program of agent i in se
tor j 
an be writtenre
ursively as follows:
W̃j,i,t

Pt

=

(
µw

Hwji
1,t

Hwji
2,t

)µw−1

µw−1The resulting aggregate wage dynami
s for ea
h type in ea
h se
tor is:
(Wj,i,t)

1
1−µw = (1 − αwji)

(
µw

Hwji
1,t

Hwji
2,t

)− 1
µw−1 (42)

+ αwji (Wj,i,t−1)
1

1−µw

(
Πt

Π
ξwji

t−1 Π
1−ξwji

) −1

1−µwwhere
Hwji

1,t = Lj,i

(
N i

j,t

)1+σLj,i (Wj,i,t)
µw

µw−1 + αwjiβiEt



(

Πt+1

Π
ξwj,i

t

[
Π
]1−ξwj,i

) µw
µw−1

Hwji
1,t+1


 (43)and

Hwji
2,t = ΛitN

i
j,t (Wj,i,t)

µw
µw−1 + αwjiβiEt

(
Πt+1

Π
ξwj,i

t

[
Π
]1−ξwj,i

) 1

µw−1

Hwji
2,t+1 (44)with βi = β if i = S and βi = γ if i = B. Also, Wj,i,t denotes the real wage of type i inse
tor j and Λit is the marginal utility of 
onsumption of type i.A.4 Pri
e settingThe intermediate, non-residential good produ
ing �rm h 
hooses the pri
e p̂t(h) to maxi-mize its intertemporal pro�t:

Et




∞∑

j=0

αj
HΞt,t+j


 (1 − τt+j)p̂t(h)YH,t+j(h)

(
PH,t−1+j

PH,t−1

)γH
(
Π

j
)1−γH

−MCt+jPH,t+j (YH,t+j(h) + Ω)




where YH,t+j(h) =

(
p̃t(h)
PH,t

)− µ
µ−1

(
PH,t

PH,t+j

(
PH,t−1+j

PH,t−1

)γH
(
Π

j
)1−γH

)−
µ

µ−1

YH,t+j and MCt+j isthe real marginal 
ost de�ated by the interior-produ
er-pri
e and. Due to our assumptionson labor and 
apital, the real marginal 
ost is identi
al a
ross produ
ers:
MCt =

w
(1−αC)
t

[
Rk,C

t

]αC

εA
t ααC

C (1 − αC)(1−αC )TH,t

(45)40



As a result, all the �rms that 
an re-optimize at time t will 
hoose the same pri
e. The�rst order 
ondition asso
iated with the �rm's 
hoi
e of p̂t(h) reads:
Et




∞∑

j=0

αj
HΞt,t+jYH,t+j(h)PH,t+j


 (1 − τt+j)

p̃t(h)
PH,t

PH,t

PH,t+j

(
PH,t−1+j

PH,t−1

)γH
(
Π

j
)1−γH

−µMCt+j




 = 0This pri
e setting s
heme 
an be written in the following re
ursive form: p̂t(h)

PH,t
= µ

ZH1,t

ZH2,twhere
ZH1,t = Λ̃tMCtYH,tTH,t + αHγEt



(

ΠH,t+1

ΠγH

H,tΠ
1−γH

) µ
µ−1

ZH1,t+1


 (46)and

ZH2,t = εP
t Λ̃tYH,tTH,t + αHγEt



(

ΠH,t+1

ΠγH

H,tΠ
1−γH

) 1

µ−1

ZH2,t+1


 (47)where εP

t represents a stationary 
ost-push sho
k. A

ordingly, the aggregate pri
e dy-nami
s leads to the following relation:
1 = αH

(
ΠH,t

ΠγH

H,t−1Π
1−γH

) 1
µ−1

+ (1 − αH)

(
µ
ZH1,t

ZH2,t

) 1
1−µ (48)Analogous equations hold for foreign produ
ers:
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t Y ∗
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F γEt
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tY
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F γEt
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Π
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) 1
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
 (50)and

1 = α∗
F

(
Π∗

F,t

Π
∗γ∗

F

F,t−1Π
∗1−γ∗

F

) 1
µ−1

+ (1 − α∗
F )

(
µ
Z∗

F1,t

Z∗
F2,t

) 1
1−µ (51)where the real marginal 
ost for 
ountry F is given by:

MC∗
t =

W
∗(1−αC )
t

[
Rk∗

t

]αC

εA∗
t ααC

C (1 − αC)(1−αC )T ∗
F

(52)Con
erning exports, LCP exporters also set their pri
es on a staggered basis and fa
e thesame type of nominal rigidities that a�e
t lo
al produ
ers. Consequently, the in�ation41



dynami
s of LCP export pri
es for the 
ountry H , Π̃∗
H,t, is des
ribed by the followingthree equations:

Z̃∗
H1,t = Λ̃tMCtY

∗
H,tTH,t + α∗

FγEt



(

Π̃∗
H,t+1

Π̃
∗γ∗

F

H,t Π
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) µ
µ−1

Z̃∗
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
 (53)

Z̃∗
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F γEt
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Π̃
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) 1
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
 (54)

1 = α∗
F
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) 1
µ−1

+ (1 − α∗
F )

(
µ
Z̃∗

H1,t

Z̃∗
H2,t

) 1
1−µ (55)Analogous equations hold for 
ountry-F LCP export pri
e in�ation:

Z̃F1,t = Λ̃∗
tMC∗

t YF,tT
∗
F,t + αHβEt



(

Π̃F,t+1

Π̃γH

F,tΠ
∗1−γH

) µ
µ−1

Z̃F1,t+1


 (56)

Z̃F2,t = Λ̃∗
tYF,tT

∗
F,tRẼRF,t + αHβEt



(

Π̃F,t+1

Π̃γH

F,tΠ
∗1−γH

) 1

µ−1

Z̃F2,t+1


 (57)

1 = αH

(
Π̃F,t

Π̃γH

F,t−1Π
∗1−γH

) 1
µ−1

+ (1 − αH)

(
µ
Z̃F1,t

Z̃F2,t

) 1
1−µ (58)Finally, aggregate export pri
e in�ation rates and CPI in�ation rates are given by

Π∗
H,t =

RERH,t

RERH,t−1
ΠH,t (59)

ΠF,t =
RERF,t

RERF,t−1
Π∗

F,t (60)
Πt =

TH,t

TH,t−1
ΠH,tε

CPI
t (61)

Π∗
t =

T ∗
F,t

T ∗
F,t−1

Π∗
F,tε

CPI∗
t (62)where the two additional sho
ks εCPI

t and εCPI∗

t have been introdu
ed.
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B DataUS series 
ome from the BEA, the BLS, the Census Bureau and the Federal Reserve Board.In parti
ular, real house pri
es in the US are 
omputed using the Census Bureau index(house pri
e index for new one-family houses sold in
luding value of lot). US householddebt is obtained by the Federal Reserve Board Flow of Funds as a measure of total debtoutstanding, held by domesti
 non�nan
ial se
tors. Euro area data are taken from Faganet al (2001) and Eurostat. Con
erning the euro area, employment numbers repla
e hours.Consequently, as in Smets and Wouters (2005), hours are linked to the number of peopleemployed e∗t with the following dynami
s:
e∗t = βEte

∗
t+1 +

(1 − βλe) (1 − λe)

λe

(l∗t − e∗t )House pri
es for the euro area are based on national sour
es and taken from the ECB web-site38. Residential investment is taken from Eurostat national a

ounts and is ba
k
astedusing national sour
es. Households' debt for the euro area also 
omes from the ECBand Eurostat39. The ex
hange rate is the euro/dollar ex
hange rate. Due to statisti
alproblems in 
omputing long series of bilateral 
urrent a

ount and 
urrent a

ount for theeuro area, we use the US 
urrent a

ount as a share of US GDP. Aggregate real variablesare expressed in per 
apita terms by dividing through with working age population. Allthe data are detrended before the estimation. Our stru
tural des
ription of the US andeuro area intera
tions assumes no rest-of-the-world and therefore remains, from a globalpoint of view, a redu
ed-form representation. As already mentioned, in order to take intoa

ount sour
es of e
onomi
 �u
tuations emanating from other 
ountries, we allow �rstfor 
ommon stru
tural sho
ks. But we also introdu
e a 
orrelation between the homebias preferen
e sho
k and the euro area publi
 expenditure sho
k. Sin
e we use the UStotal net trade instead of bilateral net trade, we intend to 
apture, through this variable,rest-of-the-world sho
ks that a�e
t the US 
urrent a

ount with moderate immediate im-pa
t on euro area output. The 
orrelation between the home bias sho
k and the EuroArea publi
 expenditures sho
k (ρ∆n,G), whi
h a
ts as a GDP residual sho
k, is meant to
ontrol for this drawba
k. Noti
e however that using total US trade instead of bilateraltrade broadens the data information on the rest of the world. Finally, given that, in the�rst order approximation of the model, the UIP sho
k has a weak stru
tural interpreta-tion, examining the links with other sho
ks seems justi�ed. Consequently, 
orrelationsbetween the UIP sho
k and other e�
ient sho
ks are in
orporated in the estimation and38we applied some statisti
al interpolation methods to generate quarterly series39See ECB Monthly Bulletin, O
tober 2007, for the des
ription of the data used43



may a

ount for the impa
t of fundamental sho
ks on time-varying risk premium. Inpra
ti
e, the ben
hmark model features a 
orrelation between the UIP sho
ks and the USprodu
tivity sho
ks (ρA,∆S) as well as the government expenditure sho
ks (ρG,∆S, ρG∗,∆S)from both 
ountries. Those 
orrelations were also sele
ted a

ording to their signi�
an
eand the improvement brought to the marginal data density40.

40The 
orrelation between the home bias sho
k and EA government expenditures is introdu
ed byadding a term ρ∆n,Gǫ∆n
t in the AR(1) of the EA government spending exogenous. The 
orrelations withthe UIP sho
k are introdu
ed by adding terms like (εA

t )ρA,∆S in the risk premium exogenous ε∆S
t44



Tab. 1: Parameter Estimates 1
Sho
k names A priori beliefs A posteriori beliefsDistribution Mean Std. Mode Mean I1 I2

σA
t Uniform 3 1.73 0.35 0.35 0.29 0.41

σB
t Uniform 3 1.73 1.04 1.08 0.81 1.34

σG
t Uniform 3 1.73 3.02 3.08 2.68 3.46

σL
t Uniform 3 1.73 0.90 1.09 0.49 1.67

σI
t Uniform 3 1.73 0.78 2.06 0.41 4.26

σ
Q
t Uniform 10 5.77 5.71 5.79 2.99 8.56

σR
t Uniform 3 1.73 0.15 0.15 0.13 0.18

σP
t Uniform 3 1.73 0.23 0.24 0.20 0.27

σAD
t Uniform 3 1.73 1.21 1.22 1.05 1.39

σLTV
t Uniform 3 1.73 1.11 1.13 0.99 1.26

σD
t Uniform 5 2.89 3.56 3.94 2.31 5.49

σA∗
t Uniform 3 1.73 0.50 0.52 0.41 0.63

σB∗
t Uniform 3 1.73 2.20 2.27 1.20 3.18

σG∗
t Uniform 3 1.73 2.15 2.21 1.85 2.57

σL∗
t Uniform 3 1.73 0.25 0.29 0.15 0.42

σI∗
t Uniform 3 1.73 0.24 0.35 0.12 0.59

σ
Q∗
t Uniform 5 2.89 3.28 3.53 1.92 5.03

σR∗
t Uniform 3 1.73 0.10 0.11 0.09 0.12

σP∗
t Uniform 3 1.73 0.27 0.27 0.23 0.31

σ
AD∗
t Uniform 3 1.73 0.85 0.85 0.74 0.96

σLTV ∗
t Uniform 3 1.73 0.77 0.78 0.68 0.89

σD∗
t Uniform 3 1.73 1.41 1.44 1.12 1.76

σ∆S
t Uniform 3 1.73 0.26 0.31 0.15 0.47

σ∆n
t Uniform 3 1.73 0.41 0.43 0.35 0.50

σPF
t Uniform 3 1.73 0.13 0.13 0.09 0.16

σ
PH∗
t Uniform 3 1.73 0.21 0.22 0.18 0.25

FA
t Uniform 3 1.73 0.02 0.12 0.00 0.22

F I
t Uniform 3 1.73 0.01 0.03 0.00 0.08

FCPI
t Uniform 3 1.73 0.13 0.13 0.10 0.17
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Tab. 2: Parameter Estimates 2
Parameter names A priori beliefs A posteriori beliefsDistribution Mean Std. Mode Mean I1 I2

ρAA Beta 0.5 0.2 0.82 0.62 0.28 0.92
ρRR Beta 0.5 0.2 0.23 0.37 0.06 0.72
ρCCPI Beta 0.5 0.2 0.21 0.26 0.07 0.44
ρA Beta 0.5 0.2 0.90 0.90 0.86 0.93
ρB Beta 0.5 0.2 0.71 0.71 0.63 0.79
ρG Beta 0.5 0.2 0.83 0.82 0.75 0.90
ρL Beta 0.5 0.2 0.11 0.13 0.03 0.23
ρI Beta 0.5 0.2 0.89 0.76 0.56 0.96
ρAD

Beta 0.5 0.2 0.98 0.96 0.93 0.99
ρLTV Beta 0.5 0.2 0.93 0.93 0.89 0.97
ρH Beta 0.5 0.2 0.97 0.97 0.94 0.99
ρA∗ Beta 0.5 0.2 0.92 0.92 0.89 0.95
ρB∗ Beta 0.5 0.2 0.46 0.46 0.29 0.62
ρG∗ Beta 0.5 0.2 0.89 0.89 0.85 0.93
ρL∗ Beta 0.5 0.2 0.09 0.12 0.02 0.22
ρI∗ Beta 0.5 0.2 0.47 0.50 0.16 0.83
ρA∗

D
Beta 0.5 0.2 0.97 0.94 0.90 0.99

ρLTV ∗ Beta 0.5 0.2 0.96 0.96 0.94 0.98
ρH∗ Beta 0.5 0.2 1.00 0.99 0.99 1.00
ρ∆S Beta 0.5 0.2 0.92 0.91 0.85 0.97
ρ∆n Beta 0.5 0.2 0.99 0.97 0.94 1.00
ρI,C Uniform 5 2.89 0.63 0.75 0.32 1.15
ρI∗,C∗ Uniform 5 2.89 0.26 0.29 0.09 0.48
ρG∗,∆n Uniform 7.5 4.33 4.47 4.30 2.87 5.72
ρA,∆S Normal 0 1 0.02 0.02 -0.22 0.24
ρG,∆S Normal 0 1 0.03 0.04 0.00 0.09
ρG∗,∆S Normal 0 1 -0.09 -0.09 -0.13 -0.05
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Tab. 3: Parameter Estimates 3
Parameter names A priori beliefs A posteriori beliefsDistribution Mean Std. Mode Mean I1 I2

φ Normal 4 1.5 5.55 5.31 3.31 7.32
ϕ Beta 0.5 0.15 0.78 0.77 0.65 0.90
σC Gamma 1.5 0.375 0.64 0.63 0.50 0.76
h Beta 0.5 0.1 0.58 0.56 0.45 0.68
hB Beta 0.5 0.1 0.31 0.32 0.19 0.45
σLC

Gamma 2 0.75 2.55 2.77 1.49 4.10
αwC

Beta 0.75 0.05 0.83 0.82 0.79 0.86
αwD

Beta 0.75 0.05 0.84 0.84 0.80 0.88
ξwC

Beta 0.5 0.15 0.42 0.44 0.22 0.66
ξwD

Beta 0.5 0.15 0.59 0.56 0.32 0.81
αH Beta 0.75 0.05 0.89 0.89 0.86 0.92
γH Beta 0.5 0.15 0.55 0.54 0.38 0.70
φ∗ Normal 4 1.5 2.47 2.60 1.44 3.71
ϕ∗ Beta 0.5 0.15 0.89 0.87 0.78 0.95
σ∗

C Gamma 1.5 0.375 1.06 1.10 0.94 1.24
h∗ Beta 0.5 0.1 0.83 0.77 0.63 0.90
h∗

B Beta 0.5 0.1 0.28 0.30 0.19 0.41
σ∗

LC
Gamma 2 0.75 1.53 1.69 0.92 2.40

α∗
wC

Beta 0.75 0.05 0.81 0.81 0.78 0.84
α∗

wD
Beta 0.75 0.05 0.81 0.81 0.77 0.86

ξw∗

C
Beta 0.5 0.15 0.26 0.28 0.12 0.44

ξw∗

D
Beta 0.5 0.15 0.44 0.47 0.22 0.70

α∗
F Beta 0.75 0.05 0.92 0.92 0.91 0.94

γ∗
F Beta 0.5 0.15 0.51 0.51 0.38 0.64

λe Beta 0.75 0.05 0.79 0.78 0.75 0.82
ρ Beta 0.75 0.1 0.79 0.79 0.74 0.83
rπ Normal 1.5 0.25 1.78 1.79 1.49 2.07
r∆π Gamma 0.3 0.1 0.26 0.26 0.18 0.34
rY Gamma 0.12 0.05 0.11 0.11 0.06 0.15
r∆Y Gamma 0.12 0.05 0.17 0.18 0.13 0.24
ρ∗ Beta 0.75 0.1 0.84 0.83 0.78 0.88
r∗π Normal 1.5 0.25 0.84 0.90 0.69 1.12
r∗
∆π Gamma 0.3 0.1 0.16 0.17 0.11 0.22

r∗Y Gamma 0.12 0.05 0.17 0.17 0.12 0.23
r∗
∆Y Gamma 0.12 0.05 0.14 0.15 0.10 0.20

ξ Uniform 3 1.7321 1.27 1.55 0.92 2.18
n Uniform 0.5 0.2887 0.98 0.98 0.97 0.98
η Beta 0.5 0.28 0.98 0.90 0.80 1.00
η∗ Beta 0.5 0.28 0.86 0.80 0.62 1.00
χ Normal 1 0.25 0.83 0.89 0.49 1.28
χ∆S Uniform 0.5 0.2887 0.21 0.21 0.13 0.29
ω Beta 0.35 0.05 0.24 0.23 0.18 0.29
ω∗ Beta 0.35 0.05 0.19 0.20 0.15 0.2447



Tab. 4: Parameter Estimates ComparisonParameters High borrowers' share Augmented Taylor RuleMode I1 I2 Mode I1 I2

φ 4.70 2.50 6.46 5.11 3.38 7.08
ϕ 0.77 0.66 0.88 0.83 0.73 0.92
σC 0.67 0.54 0.83 0.75 0.67 0.86
h 0.49 0.36 0.63 0.59 0.46 0.69
hB 0.38 0.25 0.51 0.36 0.23 0.53
σLC

2.09 1.12 3.49 1.68 0.92 2.95
αwC

0.82 0.78 0.85 0.80 0.76 0.84
αwD

0.84 0.79 0.88 0.84 0.78 0.87
ξwC

0.46 0.25 0.72 0.42 0.22 0.70
ξwD

0.60 0.37 0.83 0.63 0.35 0.82
ξp 0.89 0.85 0.91 0.89 0.86 0.91
γp 0.51 0.35 0.68 0.49 0.34 0.66
φ∗ 1.69 0.78 3.22 4.34 3.15 6.33
ϕ∗ 0.84 0.74 0.93 0.93 0.85 0.97
σ∗

C 0.99 0.57 1.20 0.79 0.68 0.96
h∗ 0.37 0.21 0.68 0.82 0.73 0.89
h∗

B 0.31 0.19 0.44 0.35 0.21 0.49
σ∗

LC
1.54 0.88 2.80 1.52 0.93 2.58

α∗
wC

0.81 0.78 0.85 0.81 0.78 0.84
α∗

wD
0.82 0.77 0.86 0.82 0.77 0.86

ξ∗wC
0.36 0.18 0.55 0.27 0.12 0.43

ξ∗wD
0.48 0.23 0.72 0.40 0.21 0.68

ξ∗p 0.94 0.92 0.95 0.91 0.88 0.93
γ∗

p 0.49 0.35 0.60 0.59 0.46 0.73
λe 0.79 0.75 0.82 0.80 0.77 0.83
ρ 0.78 0.74 0.83 0.79 0.73 0.83
rπ 1.90 1.62 2.20 1.86 1.54 2.20
r∆π 0.29 0.20 0.38 0.28 0.19 0.37
rY 0.12 0.08 0.18 0.10 0.05 0.14
r∆Y 0.20 0.15 0.26 0.14 0.10 0.19
ρ∗ 0.86 0.81 0.91 0.88 0.83 0.91
r∗π 1.39 0.84 1.84 1.47 1.15 1.85
r∗
∆π 0.19 0.13 0.28 0.20 0.13 0.27

r∗Y 0.18 0.12 0.27 0.06 0.03 0.11
r∗
∆Y 0.25 0.18 0.33 0.16 0.12 0.20

r∆TD
0.10 0.07 0.14

r∗
∆TD

0.17 0.13 0.23
ξ 1.47 0.96 2.20 1.08 0.85 1.62
n 0.98 0.97 0.98 0.98 0.97 0.98
η 0.98 0.82 1.00 0.97 0.78 1.00
η∗ 0.78 0.63 1.00 0.76 0.58 0.98
χ 0.96 0.48 1.33 0.85 0.42 1.25
χ∆S 0.19 0.12 0.26 0.19 0.12 0.29
ω 0.46 0.40 0.51 0.22 0.18 0.28
ω∗ 0.42 0.37 0.48 0.19 0.15 0.2448



Tab. 5: Comparison of Se
ond-Order MomentsDETRENDED HP FILTEREDdata Baseline High Borr. Aug. Taylor data Baseline High Borr. Aug. TaylorStandard deviationUS
Zt 2.14 1.91 1.99 2.03 1.25 1.18 1.27 1.30
Ct 1.90 1.76 1.93 1.76 0.84 1.07 1.28 1.11
It 6.11 5.03 5.45 5.52 3.78 2.62 2.89 3.01
ZDt 11.21 9.17 9.18 8.43 6.51 5.22 5.27 4.99
TDt 4.87 4.32 4.12 3.48 1.34 2.19 2.13 1.92
Πt 0.27 0.30 0.31 0.29 0.18 0.26 0.26 0.25
Rt 0.46 0.30 0.35 0.30 0.30 0.22 0.25 0.22Euro Area
Z∗

t 1.67 1.15 1.48 2.17 0.88 0.84 0.93 1.19
C∗

t 1.76 1.16 1.66 1.82 0.83 0.74 1.05 0.96
I∗t 5.47 3.16 3.86 5.56 2.75 2.13 2.31 2.93
Z∗

Dt 3.34 6.12 6.47 5.60 1.90 3.28 3.30 3.20
T ∗

Dt 6.24 3.17 3.17 2.78 1.88 1.55 1.51 1.33
Π∗

t 0.37 0.36 0.35 0.40 0.21 0.29 0.28 0.32
R∗

t 0.37 0.27 0.30 0.19 0.17 0.19 0.16
∆St 4.80 5.75 5.02 5.24 4.39 5.41 4.74 4.98
CAt 1.28 0.66 0.70 0.78 0.46 0.39 0.42 0.44Correlations
Zt, Z∗

t 0.22 0.09 0.14 0.14 0.27 0.13 0.17 0.16
Ct, C∗

t -0.03 -0.17 -0.03 -0.06 0.09 -0.04 0.05 0.08
ZDt, Z∗

Dt -0.47 0.00 0.01 0.00 0.23 0.00 0.02 0.03
TDt, T ∗

Dt 0.15 -0.03 0.00 -0.01 0.06 -0.01 0.04 0.07
∆St, CAt -0.23 -0.34 -0.24 -0.28 -0.15 -0.34 -0.22 -0.22
Crel

t , RERt -0.24 -0.21 -0.34 -0.25 -0.22 -0.26 -0.33 -0.16
Zt, Ct 0.80 0.68 0.70 0.70 0.84 0.69 0.72 0.73
Zt, It 0.64 0.72 0.67 0.74 0.65 0.65 0.60 0.72
Zt, ZDt 0.52 0.17 0.15 0.12 0.62 0.08 0.08 -0.01
TDt, Ct 0.12 0.30 0.31 0.10 0.47 0.32 0.43 0.02
ZDt, TDt 0.25 0.40 0.41 0.38 0.35 0.49 0.50 0.45
ZDt, Ct 0.74 0.12 0.12 0.05 0.68 0.08 0.13 -0.05
Z∗

t , C∗
t 0.93 0.65 0.77 0.84 0.83 0.74 0.78 0.84

Z∗
t , I∗t 0.92 0.65 0.72 0.87 0.90 0.71 0.68 0.85

Z∗
t , Z∗

Dt 0.24 0.04 0.04 0.05 0.14 0.00 0.04 0.04
T ∗

Dt, C∗
t 0.52 0.11 0.16 0.16 0.57 0.15 0.31 0.08

Z∗

Dt, T ∗

Dt 0.41 0.42 0.39 0.34 0.25 0.42 0.42 0.37
Z∗

Dt, C∗
t 0.34 -0.07 -0.06 -0.07 0.20 -0.02 0.05 0.01
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Tab. 6: Sho
ks De
omposition of Un
onditional Varian
esDomesti
 Housing Other Domesti
 Non Domesti

ǫAD
t ǫLTV

t ǫD
tUS

Zt 0.34 0.39 2.45 87.61 9.21
Ct 1.32 1.30 2.99 74.60 19.79
ZDt 57.65 0.04 31.93 9.98 0.40
TDt 7.87 0.08 80.11 9.37 2.57
Πt 0.15 0.01 0.02 66.21 33.61
Rt 0.09 0.48 2.11 87.53 9.79
Bt 2.94 36.16 49.26 10.55 1.09Euro Area
Z∗

t 0.09 0.25 4.79 84.97 9.90
C∗

t 0.68 0.92 4.54 71.47 22.39
Z∗

Dt 59.51 0.04 34.36 5.62 0.47
T ∗

Dt 5.62 0.08 85.36 5.37 3.57
Π∗

t 0.03 0.01 3.42 56.89 39.65
R∗

t 0.05 0.14 8.97 75.13 15.71
B∗

t 1.97 31.16 42.92 23.18 0.77
∆St 0.01 0.00 0.57 17.60 81.82
CAt 0.00 0.01 0.84 11.24 87.91
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Tab. 7: Sho
ks De
omposition of Un
onditional Varian
es: varying theshare of borrowers.
No Borrowers High Borrowers' shareDomesti
 Other Non Domesti
 Other Nonhousing Domesti
 Domesti
 housing Domesti
 Domesti
US

Zt 1.35 89.85 8.80 9.76 80.90 9.34
Ct 0.94 78.62 20.44 22.65 61.25 16.10
ZDt 89.74 9.83 0.43 89.47 10.13 0.40
TDt 87.42 9.68 2.90 88.70 9.07 2.23
Πt 0.20 65.22 34.58 0.26 67.38 32.36
Rt 0.59 89.16 10.25 10.21 80.92 8.87
Bt - - - 89.10 9.92 0.98Euro Area
Z∗

t 4.37 84.61 11.02 9.44 82.41 8.15
C∗

t 0.63 73.95 25.42 16.91 69.90 13.19
Z∗

Dt 94.04 5.54 0.42 93.54 5.95 0.51
T ∗

Dt 91.01 5.50 3.49 91.16 5.31 3.53
Π∗

t 5.40 54.02 40.58 2.52 60.61 36.87
R∗

t 13.77 68.58 17.65 8.38 79.64 11.98
B∗

t - - - 76.95 22.25 0.80
∆St 0.72 17.35 81.93 0.65 18.33 81.02
CAt 1.23 10.23 88.54 0.80 13.19 86.01
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