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Abstra
tWe build a model of the euro area in
orporating �nan
ial market fri
tions at thelevel of �rms and households. Entrepreneurs borrow from �nan
ial intermediariesin order to pur
hase business 
apital, in the spirit of the ��nan
ial a

elerator�literature. We also introdu
e two types of households that di�er in their degree oftime preferen
e. All households have preferen
es for housing servi
es. The impatienthouseholds are fa
ed with a 
ollateral 
onstraint that is a fun
tion of the value oftheir housing sto
k. Our aim is to provide a uni�ed framework for poli
y analysisthat emphasizes �nan
ial market fri
tions alongside the more traditional model
hannels. The model is estimated by Bayesian methods using euro area aggregatedata and model properties are illustrated with simulation and 
onditional varian
eand histori
al sho
k de
omposition.JEL Classi�
ation: C11, C32, E32, E37.Keywords: Finan
ial Fri
tions, euro area, DSGE modeling, Bayesian estimation,simulation, de
ompositions.



Non-Te
hni
al SummaryThis paper builds on re
ent attempts to model the euro area using the 
urrent generationof mi
ro-founded Dynami
s Sto
hasti
 General Equilibrium (DSGE) models, followingSmets and Wouters (2003) and the �New Area Wide Model� (NAWM) of Christo�el et al.(2008), but supplemented with a number of standard �nan
ial fri
tions. For instan
e, inits 
urrent state, the NAWM emphasizes international trade 
hannels by modeling theeuro area as a small open e
onomy vis-a-vis the rest of the world. Finan
ial markets,though, are modeled in relatively standard way, ex
ept that trade in domesti
 bonds andinternational bond takes pla
e at an exogenous premium. Re
ent episodes of �nan
ialmarket turbulen
e have in
reased the demand for general equilibrium models that 
ana

ount for the intera
tion between these markets, in�ation and the real e
onomy. Cen-tral banks' sta�, for example, are in
reasingly 
onfronted with questions 
on
erning theintera
tion between asset pri
es, in�ation monetary poli
y. Our work is a �rst step in thedire
tion of putting existing and well-known euro area models in the position of beingable to address this type of questions.We extend the baseline model by introdu
ing �nan
ial market fri
tions that 
an giverise to an intera
tion between �nan
ial market variables and the rest of the e
onomy.In parti
ular we 
onsider two types of �nan
ial market fri
tions. First, we assume thata fra
tion of households has a

ess to the �nan
ial market only to the extent that it
an post 
ollateral. We assume, realisti
ally, that 
ollateral 
onsists of housing. Thisimplies that drops in the value of housing will a�e
t the amount of funds that this typeof households 
an borrow. Se
ond, we assume that entrepreneurs must borrow from�nan
ial intermediaries part of the resour
es ne
essary to run their business. We assumethat the 
ost of borrowing is an in
reasing fun
tion of the leverage of the entrepreneurs:more leveraged entrepreneurs will fa
e higher external �nan
e premia. We also assumethat this �nan
ial 
ontra
t between entrepreneurs and �nan
ial intermediaries is subje
tto sto
hasti
 sho
ks, aimed at 
apturing the type of turbulen
e that has 
hara
terizedthe re
ent global re
ession.We estimate the model using both real and �nan
ial variables using Bayesian te
h-niques. Our results show that, although - relative to a model without the same �nan
ialfri
tions - the simulation properties are mostly not qualitatively a�e
ted, the model'sability to tra
k and enhan
e our understanding of the evolution of �nan
ial variables andthe strength of �nan
ial 
hannels, makes the model a valuable addition to modeling workin the euro area.



1 Introdu
tionThe global �nan
ial 
risis whi
h began around the turn of 2007/2008 has � amongst otherthings � prompted a re-evaluation of modeling strategies as regards �nan
ial linkages. Ithas long been known that �nan
ial markets are and were highly imperfe
t. This re�e
tsinformation asymmetries between lenders and borrowers, 
ostly veri�
ation of �nan
ial
ontra
ts, and the possibilities of bankrupt
ies and 
ontagions et
. Consequently, a fea-ture of �nan
ial markets is that lenders tend to demand a premium (or spread) overrisk-less interest rates as 
ompensation against su
h un
ertainties. In the data, thatpremium, tends to be 
ounter-
y
li
al (i.e., it tightens in e
onomi
 downturns) thus am-plifying the e�e
t of e
onomi
 downturns. Premia aside, borrowers may also be restri
tedin the absolute amount of funds available to them, for example as in mortgage loans.The strength of su
h ��nan
ial fri
tions� and the soundness of the �nan
ial systemhave impli
ations for how 
entral banks 
ondu
t monetary poli
y and assess in�ationarypressures and risks. The widening of spreads and deterioration in private lending from late2007 onwards in many 
ountries prompted a number of 
entral banks to loosen monetarypoli
y and engage in various forms of enhan
ed 
redit support, re�e
ting 
on
erns thattensions in �nan
ial markets would spill-over to the wider e
onomy.Nevertheless, many poli
y models largely assume fri
tionless �nan
ial markets (witha few notable ex
eptions, Christiano et al. (2003)). This re�e
ts, to some degree, likelya
ademi
 and empiri
al 
ontroversy as to the importan
e of �nan
ial 
hannels. Someanalysis stress them as a key ampli�er and sour
e of business-
y
le �u
tuations (seee.g. Bernanke et al. (1999), hereafter BGG) whilst others suggest their impa
t may berelatively minor (see Meier and Mueller (2006)) or strongest during extreme and parti
ular�nan
ial distress su
h as the Great Depression, the Asian Crisis (see, Gertler et al. (2007))as well as presumably the most re
ent global �nan
ial turbulen
e.Notwithstanding, our work builds on re
ent attempts to model the euro area using the
urrent generation of mi
ro-founded Dynami
s Sto
hasti
 General Equilibrium (DSGE)models, following Smets and Wouters (2003) and the �New Area Wide Model� (NAWM)of Christo�el et al. (2008), but supplemented with a number of standard �nan
ial fri
tions.For instan
e, in its 
urrent state, the NAWM emphasizes international trade 
hannels bymodeling the euro area (EA) as a small open e
onomy vis-a-vis the rest of the world.Finan
ial markets, though, are modeled in relatively standard way, ex
ept that trade indomesti
 bonds and international bond takes pla
e at an exogenous premium. Re
entepisodes of �nan
ial market turbulen
e have in
reased the demand for general equilibriummodels that 
an a

ount for the intera
tion between these markets, in�ation and the reale
onomy. Central banks' sta�, for example, are in
reasingly 
onfronted with questions
on
erning the intera
tion between asset pri
es, in�ation monetary poli
y. Our work isa �rst step in the dire
tion of putting existing and well-known euro area models in theposition of being able to address this type of questions.We extend the baseline model by introdu
ing �nan
ial market fri
tions that 
an giverise to an intera
tion between �nan
ial market variables and the rest of the e
onomy.There are two 
ommon ways of modeling �nan
ial 
onstraints: i) via limited enfor
eabilityand 
ollateralized debt (Ia
oviello (2005)) and ii) via 
ostly state veri�
ation and defaultrisk (e.g. BGG). Here we use both. The �rst is used to model the �nan
ial 
onstraintsfa
ed by households. The se
ond is used to model the 
onstraint fa
ed by �rms.1



Both �nan
ing s
hemes generate a link between the net worth of agents and their
reditworthiness, and so would be equally suitable to des
ribe both household �nan
eand �rms �nan
e. Nevertheless the 
ollateral 
onstraint model generates quantitativerationing leaving the 
ost of funds at the risk-less rate level. The 
ostly-state-veri�
ationmodel, instead does not limit the level of debt, but generates instead a 
ost of fundsthat is larger than the risk-less rate. Both features are of interest and should ideally be
ombined: the quantitative 
onstraint 
ould be more powerful in generating spillovers tothe real e
onomy; the premium e�e
t has the bene�t of re�e
ting real world interest ratespreads. Aoki et al. (2004) use the BGG for the housing market in a simpli�ed generalequilibrium model. Christensen et al. (2007) estimate a DSGE model for Canada withborrowing 
onstraints for both �rms and households.We show that the introdu
tion of �nan
ial market fri
tions in the typi
al DSGEframework 
an provide important insights on the response of the e
onomy to �nan
ialmarket sho
ks, although it need not alter dramati
ally the predi
tions on the response ofthe e
onomy to non-�nan
ial sho
ks. Furthermore, our extensions allow us to explain thee�e
ts of non-�nan
ial sho
ks on important �nan
ial variables as external-�nan
e premia,house pri
es and residential investment.The paper pro
eeds as follows. Se
tion 2 des
ribes the model. Se
tion 3 takes ageneral look at the data and underlying 
alibration and sho
k stru
ture of the model.We then examine, in se
tion 4, the Bayesian estimation of variants of the model. This isfollowed by an examination of the model properties: simulation exer
ises; stylized fa
tsmat
hing; 
onditional varian
e and histori
al de
ompositions. Finally, we 
on
lude.2 The modelThe following se
tions des
ribes the formal representation of the model. The Appendixprovides a 
on
ise list of symbols and de�nitions of variables as well as the list of (non-linear) equations and fun
tional forms that make up the model.2.1 HouseholdsThe population 
onsists of an in�nite number of households, whi
h mass is normalizedto one. A fra
tion p are patient households, the rest being impatient. The former typeis denoted with subs
ript 1, the se
ond with subs
ript 2, if not otherwise stated.2.1.1 Patient HouseholdsPatient households solve the following program:
max

C1,t,H1,t,It,B
∗

t+1,Bt,W1,t,D
H
t ,DB

t

Et

∞
∑

k=0

(

β̃1GC

)k

U
(

C1,t+k − κC̄1,t−1+k,H1,t+k, N1,t+k

) (1a)
2



subje
t to
(1 + τC)C1,t +

PI,t

PC,t

It + (ǫRP
t Rt)

−1Bt+1

PC,t

+
(

R∗
t

(

1− ΓB∗

(

St+1B
∗
t+1

)))−1 St

PC,t

B∗
t+1 +

Ξt + Φt

PC,t

=

Bt + StB
∗
t

PC,t

− qh,tH1,t + qh,t (1− δh)H1,t−1 +

(

1 +RDH
t

)

DH
t−1 −DH

t +
(

1 +RDB
t

)

DB
t−1 −DB

t

PC,t

+ Ωt

+
(

1− τN − τW
)W1,t

PC,t

N1,t −
Qt

PC,t

(1− δ)Kt +
Qt

PC,t

Kt+1 + (1− γt) (T
γ
t − T e

t ) (1b)and to
Kt+1 = (1− δ)Kt + ǫIt

(

1− ΓI

(

It
It−1

))

It (1
)where the instantaneous utility fun
tion is de�ned as
U (C1,t − κCt−1,Ht, N1,t) ≡

(

1−
κ

GC

)

ln
(

C1,t − κC̄1,t−1

)

+ j1,t lnH1,t −
1

1 + ζ
N1+ζ

1,t ,(2)and where δ is the 
apital depre
iation rate, β̃1 is the households time preferen
e parame-ter, GC is the long-run growth rate of 
onsumption (identi
al to the long-run growth rateof te
hnology), C1,t is a CES index of domesti
 and foreign goods, des
ribed later, C̄1,t isthe aggregate 
onsumption of patient households (with habit-persisten
e parameter κ),1
H1,t is the sto
k of housing, N1,t, is labor supply (with elasti
ity 1

ζ
, It is investment, Ktis 
apital, Bt is domesti
 bonds, B∗

t is foreign bonds, St is the nominal ex
hange rate,
DH

t is deposits at the Building So
ieties, DB
t is deposits at the Banks, Ξt and Φt arepro�ts rebated by �rms and banks to households in
luding rent of land to residentialinvestment, W1,t is nominal wages, qh,t is the pri
e of houses in terms of households'
onsumption units, ΓB∗ is a premium paid on foreign bonds transa
tions (proportionalto the size of foreign borrowing), ΓI is the investment adjustment 
ost,2 PC,t is the 
on-sumer pri
e index, PI,t is the pri
e of investment goods, Rt is the poli
y rate (return ondomesti
 bonds), R∗

t is the return on foreign bonds, RDH
t is the return on deposits atBuilding So
ieties, RDB

t is the return on deposits at Banks, Qt is the pri
e of 
apital, τCis a 
onsumption tax, τN is a labor in
ome tax, τW is an additional payroll tax, Tt is alump-sum tax,3 ǫRP
t is a risk premium sho
k, ǫIt is an investment spe
i�
 sho
k, j1,t is ahousing preferen
e sho
k, γt is the entrepreneurs' survival sho
k dis
ussed further below,

T γ
t is a transfer from exiting entrepreneurs to households, T e

t is a transfer from householdsto new entrepreneurs (start-ups), �nally Ωt is a transfer to household 
onsisting of themonitoring 
osts of the net worth of defaulting �rms.41We assume that habit formation is �external� to the household but �internal� to the household type.Noti
e also that we are assuming log-preferen
es in 
onsumption (
um habits) and in housing.2Fun
tional forms are presented in the Appendix.3See also Christo�el et al. (2008) on assumptions 
on
erning taxes.4We 
an think of the default 
osts as a tax transferred to households.
3



First order 
onditionsFor simpli
ity re-de�ne β1 ≡ β̃1GC . The FOCs to the household problem are:
Bt+1 :λ

p

t = β1Et

[

λpt+1

Rt

πt+1

] (3a)
DH

t :λpt = β1Et

[

λpt+1

(

1 +RDH
t

)

πt+1

] (3b)
DB

t :λpt = β1Et

[

λpt+1

(

1 +RDB
t

)

πt+1

] (3
)
B∗

t+1 :λ
p

t

((

1− ΓB∗

(

St+1B
∗
t+1

)))−1
St = β1Et

[

λt+1
St+1R

∗
t

πt+1

] (3d)
C1,t :λ

p

t =

(

1−
κ

GC

)

(C1,t − κCt−1)
−1 (3e)

Ht :j
H
1,tH

−1
1,t + β1Et

[

λpt+1(1− δh)qh,t+1

]

= λpt qh,t (3f)
It :λ

p

t

PI,t

PC,t

=
Qt

PC,t

λpt ǫ
I
t

((

1− ΓI

(

It
It−1

))

− Γ′
I(·)

It
It−1

)

+

Et

[

Qt+1

PC,t+1

β1λ
p

t+1ǫ
I
t+1

(

Γ′
I

(

It+1

It

)(

It+1

It

)2
)]

, (3g)where λp is the Lagrange multiplier asso
iated to the budget 
onstraint of the patienthousehold.Wage settingThe wage setting problem is identi
al to the one in the NAWM (Christo�el et al., 2008).In parti
ular we (impli
itly) assume that households of the same type trade in state
ontingent assets that insure them from idiosyn
rati
 in
ome �u
tuations due to wagesti
kiness. Furthermore, the marginal disutility of labor is independent of the investmentde
isions. These two fa
ts allow us to aggregate a
ross wage setters in the standard way.The details are dis
ussed further below.2.1.2 Impatient HouseholdsThe Impatient Households solve the following program:
max

C2,t,H2,t,W2,t,NH,t,B
H
t

Et

∞
∑

k=0

(

β̃2GC

)k

U
(

C2,t+k − κC̄2,t−1+k,H2,t+k, N2,t+k, NH,t+k

) (4a)subje
t to
0 = −(1 + τC)PC,tC2,t +BH

t − qh,tH2,t + qh,t (1− δh)H2,t−1+

−
(

1 +RDH
t

)

BH
t−1 +

(

1− τN − τW
)

W2,tN2,t +
(

1− τN − τW
)

WH,tNH,t (4b)4



and to
0 ≤ mB

t Et

(

qh,t+1πt+1H2,t

(1 +RDH
t )

)

−
BH

t

PC,t

(4
)where the intraperiod utility fun
tion is
U
(

C2,t − κC̄2,t−1,H2,t, N2,t, NH,t

)

= (5)
(

1−
κ

GC

)

ln
(

C2,t − κC̄2,t−1

)

+ j2,t lnH2,t −
1

1 + ζ2
N1+ζ2

2,t −
1

1 + ζH
N1+ζH

H,twhere NH,t is labor supply to the 
onstru
tion se
tor, πt is the 
onsumer pri
e in�ationrate andmB is the loan-to-value ratio parameter.5 The meaning of the remaining symbolsis analogous to that given to the patient household's variables. Noti
e that while weassume sti
ky pri
es in the non-
onstru
tion se
tor, the housing se
tor is assumed tohave a 
ompetitive (�exible-wage) labor market.First order 
onditionsDe�ne β2 = GC β̃2. Then the FOCs are:
BH

t :λt − β2Et

[

λt+1

(

1 +RDH
t

)

πt+1

]

− λBt = 0 (6a)
C2,t :− λt(1 + τC) +

(

1−
κ

GC

)

(

C2,t − κC̄2,t−1

)−1
= 0 (6b)

Ht :− λtqh,t + jH2,tH
−1
2,t + β2Et [λt+1(1− δh)qh,t+1] +mB

t λ
B
t Et

(

qh,t+1πt+1

(1 +RDH
t )

)

= 0 (6
)Noti
e that sin
e the 
ollateral 
onstraint is assumed to be always binding the La-grange multiplier asso
iated with the borrowing 
onstraint λBt will be positive.2.1.3 Wage settingWe assume that wages are set à la Calvo (1983) with indexation. The probability of notresetting is denoted by ξW,p.Patient householdsPatient households solve the following problem:
max
W1,i,t

Et

∞
∑

s=t

(

ξW,pβ̄1
)s−t

[

λps
(

1− τN − τW
)
W1,i,tgz,t−1|s−1Π

†
t−1|s−1

PC,s

N1,t −
1

1 + ζ
N1+ζ

1,i,t

]where
Π†

t−1|s−1 ≡

{
∏s

j=t π
χW,p

j−1 π̄
1−χW,p

j t < s

1 t = s5Noti
e that the bank loans (BH ) are positive, hen
e the sign in the 
onstraint.5



π̄ being the steady-state in�ation rate and gz,t|s ≡ zs
zt

being the 
umulative growth rateof labor-augmenting te
hnology (dis
ussed further below).6Noti
e that demand for the ith labor type is
N1,i,s = p−1

(

gz,t−1|s−1Π
†
t−1|s−1

W1,i,t

W1,t

W1,t

W1,s

)−θW,1

N1,s (7)where N1,t is the total demand for (patient) labor. The solution to this problem yields arelative pri
e
(

W̄1,i,t

)θW,1ζ1+1
W̄1,t ≡

(

W1,i,t

W1,t

)θW,1ζ1+1

W̄1,t = ϕW,1
t

Q̃
W,1
1,t

Q̃
W,1
2,t

(8)where (a bar above a variable ex
ept in�ation means �real�, for in�ation means �
entralbank target�)
Q̃

W,1
1,t =

(

p−1N1,t

)ζ1+1

+ ξW,pEtβ1

(

gz,t|t−1π
χW,p

t π̄
1−χW,p

t+1

)−(ζ1+1)θW,1

π
(ζ1+1)θW,1

t+1

×

(

W̄1,t+1

W̄1,t

)(ζ1+1)θW,1
t

Q̃
W,1
1,t+1, (9)and

Q̃
W,1
2,t =

(

p−1N1,t

)

λpt
(

1− τNs − τWs
)

+ ξW,pEtβ1

(

gz,t|t−1π
χW,p

t π̄
1−χW,p

t+1

)1−θW,1

π
θW,1−1
t+1

×

(

W̄1,t+1

W̄1,t

)θ
W,1
t

Q̃
W,1
2,t+1, (10)

ϕW,1
t =

θ
W,1
t

θ
W,1
t −1

is the �rm's mark-up.The real wage index of labor-type 1 is
W̄1,t ≡

W1,t

PC,t

=






(1− ξW,p)

(

W̄W,1,tW̄1,t

)1−θW,1 + ξW,p





(

gz,t|t−1π
χW,p

t−1 π̄
1−χW,p

t

)

πt
W̄1,t−1





1−θW,1






1
1−θW,1

.2.1.4 Impatient householdsThe equations are identi
al to those of the patient household. We omit them here, thoughthey are reported in the list of non-linear equations further below.6Noti
e that in order to have a balan
ed-growth path, all variables measured in 
onsumption unitswill grow at a 
ommon trend. 6



2.2 Home Intermediate-goods FirmsFirms produ
e using the following produ
tion fun
tion
Yf,t = max

[

εtz
αN1+αN2

t

(

Ks
f,t

)αK (N1,t)
αN1 (N2,t)

αN2 − ztψ, 0
] (11)where αK + αN1 + αN2 = 1 and where

N1,t =

(
∫

p

0

(

N i
1,t

)

1

ϕW
t di

)ϕW
t (12)and

N2,t =

(
∫ 1

p

(

N i
2,t

)

1

ϕW
t di

)ϕW
t (13)where Ni,t are labor-input aggregators, εt is a transitory produ
tivity sho
k, zt is a per-manent labor-augmenting te
hnology sho
k with (possibly sto
hasti
) trend and where

ψ is a �xed 
ost parameter.2.2.1 Conditional fa
tor demandsCost minimization yield the usual fa
tor demands
Ks

f,t :αK

Yf,t + ztψ

Ks
f,t

MCf,t = rKt
αK (14a)

N1,t :αN1
Yf,t + ztψ

N1,t

MCf,t =
(

1 + τWf
)

W1,t (14b)
N2,t :αN2

Yf,t + ztψ

N2,t

MCf,t =
(

1 + τWf
)

W2,t (14
)where τWf is the tax rate on labor input and where marginal 
osts are
MCt =

rKt
αK (1 + τWf)αN1+αN2W αN1

1,t W αN2

2,t
(

εtz
αN1+αN2

t ααK

K ααN1

N1 α
αN2

N2

) (15)2.2.2 Pri
e settingFirms produ
ing �nal goods set pri
es only at random intervals of time. These �rms
harge di�erent pri
es at home and abroad. In ea
h quarter a fra
tion ξH of �rms sellsgoods at home at the pri
e posted in the previous quarter, after updating it in part tothe se
toral in�ation observed in the past quarter and in part to trend in�ation (withindexation parameter χH). The remaining �rms are able to post the optimal pri
e.With probability ξX the same story holds for pri
es 
harged to foreign importers (withindexation parameter χX).Firms are owned by the patient domesti
 households. Therefore, ea
h �rm 
hoosesthe optimal pri
e in order to maximize the expe
ted dis
ounted dividends a

ruing tohouseholds.In what follows we de�ne the 
umulative in�ation rate between period t and s of pri
e
j by πj,t|s, where for 
onvenien
e πj,t|t+1 ≡ πj,t+1.7



Domesti
 pri
esFirm f 
hooses its pri
e (PH,f,t) by solving the following pro�t-maximization problem:
max
PH,f,t

Et

∞
∑

s=t

(ξH)
s−t R̄s,t

[

PH,f,t

(

πt−1|s−1

)1−χH
(

πH,t−1|s−1

)χH

PC,s

Yf,s −
TCs

PC,s

]where TC denotes total 
osts of produ
tion and R̄s,t ≡ βs−t
1

λ
p

s

λ
p

t
is the patient householdnominal dis
ount fa
tor between period s and t ≤ s.Noti
e that the demand for this type of �nal goods is given by

Yf,s =

(

(

π̄t|s
)1−χH

(

πH,t−1|s−1

)χH PH,f,t

PH,t

)−θH

QC
t , (16)where QC

t denotes domesti
 aggregate demand for domesti
 intermediate goods.The solution to this problem yields a relative pri
e
P̄H,f,t = ϕH

t

Q̃1,t

Q̃2,twhere
Q̃1,t = (1− ξHβ1 )mct

(

P̄H,t

)θHt QC
t + ξHEtRt+1,t

(

πH,t
χH π̄1−χH

t+1

)−θH
πθH
t+1Q̃1,t+1,

Q̃2,t = (1− ξHβ1 )
(

P̄H,t

)θHt QC
t + ξHEtR̄t+1,t

(

πH,t
χH π̄1−χH

t+1

)1−θH
πθH−1
t+1 Q̃2,t+1,

ϕH
t =

θHt
θHt −1

is the �rm's mark-up.The (real) produ
er pri
e index of intermediate goods is
P̄H,t ≡

PH,t

PC,t

=



(1− ξH)
(

P̄H,f,t

)1−θHt + ξH

(

(π̄t)
1−χH

(

πH
t−1

)χH

πt
P̄H,t−1

)1−θHt




1

1−θH
t

.Export pri
esExporting �rms 
hoose pri
es in order to solve the following pro�t-maximization problem:
max
PX,f,t

Et

∞
∑

s=t

(ξX)
s−t R̄s,t

[

PX,f,t

(

πt−1|s−1

)1−χX
(

πX,t−1|s−1

)χX

PC,s

Yf,s −
TCX

s

PC,s

]where TC denotes total 
osts of produ
tion and R̄s,t ≡ βs−t
1

λ
p

s

λ
p

t
is the patient householdnominal dis
ount fa
tor between period s and t ≤ s.Noti
e that export demand fa
ed by ea
h individual �rm is

YX,f,s =

(

(

π̄t|s
)1−χX

(

πX,t−1|s−1

)χX PX,f,t

PX,t

)−θX

Xt (17)8



The solution to this problem yields a relative pri
e
P̄X,f,t = ϕX

t

Q̃X
1,t

Q̃X
2,twhere Xt denotes aggregate demand for exports and where

Q̃X
1,t = (1− ξXβ1 )mct

(

P̄X,t

)θXt Xt + ξXEtRt+1,t

(

πX,t
χX π̄1−χX

t+1

)−θX
πθX
t+1Q̃

X
1,t+1,

Q̃X
2,t = (1− ξXβ1 )

(

P̄X,t

)θXt Xt + ξXEtR̄t+1,t

(

πX,t
χX π̄1−χX

t+1

)1−θX
πθX−1
t+1 Q̃X

2,t+1,where ϕX
t =

θXt
θXt −1

is the �rm's mark-up and mct is the marginal 
ost in 
onsumptionunits.The (real) produ
er pri
e index of intermediate goods is
P̄X,t ≡

PX,t

PC,t

=



(1− ξX)
(

P̄X,f,t

)1−θXt + ξX

(

(π̄t)
1−χX

(

πX
t−1

)χX

πt
P̄X,t−1

)1−θXt




1

1−θX
t

.Import pri
esForeign exporters set export pri
es in home-
ountry 
urren
y, PIM,f,t, to solve the follow-ing problem
max
PIM,f,t

Et

∞
∑

s=t

(ξIM)s−t R̄∗
s,t







PIM,f,t

(

π̄∗
t−1|s−1

)1−χIM (

πIM,t−1|s−1

)χIM

SsP ∗
C,s

Yf,s −
TCIM

s

P ∗
C,s





where TCIM denotes total 
osts of produ
tion in home-
ountry 
urren
y and R̄∗
s,t ≡

βs−t
1

λ∗

s

λ∗

t
is the foreign household nominal dis
ount fa
tor between period s and t ≤ s.Noti
e that export demand fa
ed by ea
h individual �rm is

YIM,f,s =

(

(

π̄∗
t|s

)1−χIM
(

πIM,t−1|s−1

)χIM PIM,f,t

PIM,t

)−θIM

IMt (18)The solution to this problem yields a relative pri
e (expressed here in terms of home
onsumption basket)
P̄IM,f,t ≡

PIM,f,t

PC,t

= ϕIM
t

Q̃IM
1,t

Q̃IM
2,twhere

Q̃IM
1,t = (1− ξIMβ1 )mc

F
t

(

P̄IM,t

)θIMt IM t

+ ξIMEtR̄
∗
t+1,t

(

πIM,t
χIM

(

π̄∗
t+1

)1−χIM

)−θIM

(πt+1)
θIM Q̃IM

1,t+1, (19)9



Q̃IM
2,t = (1− ξIMβ1 )

PC,t

StP
∗
C,t

(

P̄IM,t

)θIMt IM t

+ ξIMEtR̄
∗
t+1,t

(

πIM,t
χIM

(

π̄∗
t+1

)1−χIM

)1−θIM

(πt+1)
θIM−1

Q̃IM
2,t+1, (20)

ϕIM
t =

θIMt
θIMt −1

is the �rm's mark-up. IM t denotes aggregate demand for exports and
mcF is the real foreign marginal 
ost. Following Christo�el et al. (2008) we assume thatthe foreign marginal 
ost is a log-linear fun
tion of the foreign relative pri
e of oil (withelasti
ity denoted by ω∗).The (real) produ
er pri
e index of intermediate goods is
P̄IM,t ≡

PIM,t

PC,t

=



(1− ξIM)
(

P̄IM,f,t

)1−θIMt + ξIM

(

(π̄∗
t )

1−χIM (πIM,t−1)
χIM

π∗
t

P̄IM,t−1

)1−θIMt




1

1−θIM
t

.2.3 Final-goods �rmsFinally we have a further set of �rms that assemble the di�erent types of goods and sellthem to di�erent types of agents.2.3.1 Non-tradable 
onsumer-�nal-goods produ
ersThese �rms put together domesti
ally produ
ed goods with imported goods and sell themat 
ompetitive pri
es to �nal 
onsumers.
QC

t =

(

ν
1

µC

C

(

HC
t

)1− 1
µC + (1− νC)

1

µC

(

IM
C

t

)1− 1
µC

) (21)where HC
t is demand for goods produ
ed at home, IMC

t is demand for imported 
on-sumption goods and where
IM

C

t ≡

(

1− ΓIMC

(

IMC
t

QC
t

ǫIMt

)

IMC
t

)whi
h in
ludes an import 
ost fun
tion denoted by ΓIMC , and where
HC

t ≡

(
∫ 1

0

(

HC
i,t

)

1

ϕH
t di

)ϕH
t

IMC
t ≡

(
∫ 1

0

(

IMC
i,t

)
1

ϕ∗

t di

)ϕ∗

t2.3.2 Non-tradable produ
tive-
apital investment-goods produ
ersSame as before after repla
ing supers
ript C with I (in
luding same elasti
ity of substi-tution). In parti
ular the demand for intermediate goods will be HI
t (domesti
) and IM I

t(imported). 10



2.3.3 Non-tradable publi
-
onsumption-goods produ
ersSame as before ex
ept that only domesti
 goods are used (with same elasti
ity). Inparti
ular the demand for inputs will be HG
t .2.3.4 Non-tradable housing-investment-goods produ
ersThe housing investment se
tor produ
es new housing-units that augment the existingsto
k of housing and repla
es the depre
iated hosing sto
k. We assume that the 
apitalused in the housing-investment se
tor is the same as that used in the intermediate-goodsse
tor.

IHt = εH,tzh,t
(

KH
t

)ωK (zt(1− p)NH,t)
ωN
(

HH
t

)ωH (ztlandt)
ωL (22)where εH,t is a temporary sho
k in the housing se
tor. Noti
e that the permanent produ
-tivity sho
k (zh,t) 
an di�er from the one in the intermediate goods se
tor (as in Ia
ovielloand Neri (2010)).Aggregate housing evolves a

ording to7

Ht = (1− δh)Ht−1 + IHt (23)where δh is the depre
iation rate of housing.Given that there is no di�erentiation between 
apital used in 
onstru
tion and 
apitalused in produ
tion, the possible trend in the 
onstru
tion se
tor does not a�e
t 
apital,labor or intermediate inputs in that se
tor.Detrended produ
tion is then
iht ≡

IHt

zh,tz
ωN+ωL
t

= εH,t

(

gzk
H
t

)ωK
((1− p)NH,t)

ωN
(

hHt
)ωH

(landt)
ωLConditional fa
tor demandsCost minimization implies the following demands for fa
tors of produ
tion:

rKt =MCIH,tωK

IHt

KH
t

(24a)
(

1 + τWf
)

WH,t =MCIH,tωN

IHt

NH,t

(24b)
PH,t =MCIH,tωH

IHt

HH
t

(24
)
RL

t =MCIH,tωL

IHt

landt
(24d)7We experiment also with the 
ase of investment adjustment 
osts in the housing se
tor. The adjust-ment 
osts are of the same type used for business 
apital and are not reported here for 
on
iseness.

11



where RL
t is the return to land. By repla
ing these 
onditions into the produ
tion fun
tion(22) we obtain an expression for the marginal 
ost in the residential se
tor

MCIH,t =

(

rKt
)ωK W ωN

N,tP
ωH

H,t

(

RL
t

)ωL

εHt z
ωN+ωL
t zh,tω

ωK

K ωωN

N ωωH

H ωωL

L

(25)or, by the normalization landt = 1 have
MCIH,t =

(
(

rKt
)ωK

(

1 + τWf
)ωN W ωN

N,tP
ωH

H,t

εHt z
ωN+ωL
t zh,tω

ωK

K ωωN

N ωωH

H

IHωL

)
1

1−ωLThe housing-investment market is 
ompetitive, whi
h implies
qh,t ≡

Qh,t

PC,t

=MCIH,t2.4 Equilibrium in the goods marketsDomesti
 demand for home intermediate-goods
Hf,t = HC

f,t +HI
f,t +HG

f,t +HH
f,t =

(

PH,f,t

PH,t

)

ϕH
t

1−ϕH
t
HtDomesti
 demand for foreign intermediate-goods

IMf∗,t = IMC
f∗,t + IM I

f∗,t =

(

PIM,f∗,t

PIM,t

)

ϕ∗

t
1−ϕ∗

t

IMt2.5 EntrepreneursEntrepreneurs are risk-neutral agents. In equilibrium they all take the same de
isionregarding the pur
hase and supply of 
apital.8At the end of period t entrepreneurs pur
hase the new 
apital sto
k that is produ
ed byhouseholds for produ
tion in period t+1. This pur
hase is �nan
ed with the entrepreneursnet worth and by bank loans:
qK,tKt+1 = Nt+1 +

DB
t

Pt

(26)The amount of 
apital that the entrepreneurs 
an bring to the market is subje
t toidiosyn
rati
 sho
ks ̟t observable only by ea
h individual entrepreneur.Furthermore, ea
h entrepreneur de
ides about the amount of 
apital that 
an be usedin ea
h period. Varying the utilization of 
apital is 
ostly. The amount of e�e
tive 
apitalbrought to the market by ea
h entrepreneur is
Ke

t ≡ ut̟tKt, (27)8See Bernanke et al. (1999). Our spe
i�
ation of the entrepreneurs and of their debt 
ontra
t is similarto Christiano et al. (2008), Gertler et al. (2007), Aoki et al. (2004) and Christensen and Dib (2008).12



where ut is the degree of 
apital utilization. We de�ne the fun
tion a(ut) as the 
ostly-
apital-utilization fun
tion su
h that a′ > 0, a′′ > 0 and a(1) = 1. The 
apital utilization
ost 
ould be expressed in terms of �nal 
onsumption/investment goods or in terms ofenergy (oil) as in Finn (1995). The total 
ost of using 
apital is then
P a
t a(ut)̟tKt (28)where P a

t is the pri
e of the goods used up in 
hanging utilization (relative to the nu-meraire).The e�
ient 
hoi
e of utilization rate sets the (real) marginal return to utilization rKtequal to the marginal 
ost of utilization, i.e.
rKt = a′ (ut)P

a
t (29)At the end of period t entrepreneurs sell the un-depre
iated part of 
apital to house-holds and extinguish their debt with the bank. Those entrepreneurs whose net worth issu�
ient to pay the interest and prin
ipal to banks will do so. The others will have alltheir remaining net worth seized by the bank.The bank fa
es monitoring 
osts, so that a fra
tion µB of the net worth of the insolvententrepreneurs is 
onsumed (e.g. legal 
osts et
). We will need this expression on
eaggregating the resour
e 
onstraint in subse
tion A of the appendix.Then a fra
tion 1 − γt of entrepreneurs exits the market. Their net worth is trans-ferred lump-sum to the patient households. At the same time a fra
tion 1 − γt of newentrepreneurs enters the market with a small endowment T e

t paid to them by the patienthouseholds.De�ne as RNK
t the entrepreneurs' 
ost of borrowing. Then the e�
ient 
apital 
hoi
efor the entrepreneurs requires that (in real terms)

Et

[

RK
t+1

]

≡ Et

[

(

(1− τkt+1)
(

rkt+1ut+1 − a(ut+1)
)

+ (1− δ)qk,t+1

)

+ τkt+1δqk,t

qk,t

] (30)whi
h amounts to the entrepreneurs expe
ted real gross return on 
apital (assuming the
ost of utilization is in terms of �nal 
onsumption goods).We don't spe
ify the details of the debt 
ontra
t of the entrepreneurs and the relatedagen
y problems, instead, following e.g. Gertler et al. (2007) we assume that the external�nan
e premium over the risk free rate (opportunity 
ost of funds), χt(·), is an in
reasingfun
tion of the aggregate entrepreneurs leverage ratio, i.e.
χt ≡ χ









DB
t

Pt

Nt+1
; ǫχt









(31)where χ′ > 0, χ(0) = 1 and χ(∞) = ∞The variable ǫχt is a sto
hasti
 sho
k that summarizes exogenous variations of thepremium (e.g. 
hanges in the distribution of the idiosyn
rati
 sho
ks).13



At the end of period t, entrepreneurs have to de
ide how mu
h 
apital they want topur
hase from households, given their net worth the expe
ted return on 
apital and the
ost of external �nan
e. Optimality requires that the expe
ted return to the entrepreneur(equation (30)) equals the expe
ted 
ost of borrowing, i.e.
Et

[

RK
t+1

]

= (χt(·))Et

[

(

1 +RDB
t

)

πt+1

] (32)At the end of period t, the net worth of the surviving entrepreneurs plus the wealthof the 1− γt newborn entrepreneurs amounts to
Nt+1 = γt

{

RK
t qK,t−1Kt −

[

χt−1(·)

(

1 +RDB
t−1

)

πt

]

Dt−1

Pt−1

}

+ T e
t (33)The default 
ost is given by

Ωt =

(

RK
t−1 −

Rt−1

πt

)

(qK,t−1Kt −Nt)2.6 Banks2.6.1 Commer
ial banksThere is a large number of identi
al banks operating in perfe
tly 
ompetitive markets. Atthe beginning of period t, after the sho
ks have been realized, these banks re
eive deposits
DB

t from p households, pay ba
k the deposits lodged in period t-1, DB
t−1, together withthe interest RDB

t−1, lend DB
t to ea
h entrepreneur and re
eive the prin
ipal and interestfrom the entrepreneurs who borrowed in period t-1.2.6.2 Building so
ietiesThese banks intermediate between patient and impatient households. Equilibrium re-quires that pDH

t = −(1− p)BH
t .2.7 The Government Budget ConstraintThe government budget 
onstraint implies:

PG,tGt +Bt = τCPC,tCt +
(

τN + τW + τWf
)

(pW1,tN1,t + (1− p) (W2,tN2,t +WH,tNH,t))

+ τKPC,t

((

rKt ut − δ
)

qK,t − (a(ut))
)

Kt + τDRDB
t

(

DB
t +DBH

t

)

+ Tt +R−1
t Bt+1(34)We experiment with the 
ase of the default losses and the transfer from the exitingentrepreneurs to be transferred to the government. The ben
hmark 
ase is that thedefault losses are resour
es demanded to the domesti
 intermediate se
tor (same type ofgoods demanded by the government). 14



2.8 Monetary Poli
yMonetary poli
y follows the same spe
i�
ation of the rule used in Christo�el et al. (2008),i.e. (in log-terms)
Rt = λRRt−1 + (1− λR)λπ (πt−1 − π) + λ∆Π (πt − πt−1) + λ∆Y (Yt − Yt−1) + ǫRt (35)where ǫRt is assumed to be an iid sho
k.3 Aspe
ts of the DataIn this se
tion we present the data used in the estimation of the model. We also dis
usshow some of the parameters of the model are 
alibrated.3.1 DataIn estimating the model, we used some basi
 euro area times series taken from the 
urrentvintage of the Area Wide database (updated from Fagan et al. (2001)) as well as someseparate �nan
ial series. The former group 
omprises: real GDP (Y); total employment(E); private 
onsumption (C); 
ompensation per head (W); total investment (I); euro areapoli
y rate (nominal interest rate R); government 
onsumption (G); nominal e�e
tiveex
hange rate (S); extra-euro area exports (X); foreign demand (Y ∗)†; extra-euro areaimports (IM); foreign pri
es (P*Y)†; GDP de�ator (PY); foreign interest rate (R*)†;
onsumption de�ator (PC); 
ompetitors' export pri
es (PCX)†; extra-euro area importde�ator (PIM); oil pri
es (PO)†.9The extra �nan
ial variables used as observables in the model are:
• Residential investment (Log Di�eren
es)
• The external �nan
e premium: The di�eren
e between the rate on MFIs loans toNFCs of maturity up to one year and the poli
y rate.
• House pri
es (Log Di�eren
es)The series on residential investment is 
onstru
ted 
ourtesy of the New MCM model,see Dieppe et al. (2011), and weights the 
orresponding 
ountry data of Spain, Italy,Netherlands, Fran
e and Germany, with �xed GDP weights.The short rate on MFI loans to �rms is derived from in-house 
ountry aggregatedsour
es. The poli
y rate is the euribor taken from the AWM database.House pri
es are taken from histori
al OECD sour
es and again are aggregated to aeuro-area aggregate using �xed 
ountry weights.We experimented with several other observables � su
h as real loan volumes fromMFIs to entrepreneurs and households (for the purpose of residential investment) butthe estimation performan
e and information 
ontent appeared fragile. This has of 
ourseimpli
ations for estimation sin
e the relatively limited number of �nan
ial observables9Series with a dagger (†) are modeled, as in Christo�el et al. (2008), using a stru
tural VAR, detailsof whi
h 
an be also found there. 15



(and the la
k of quantity �ows) 
an 
onstrain identi�
ation and limit the number ofstru
tural sho
ks that might be in
luded and e
onometri
ally identi�ed.The sample used was 1980q2 to 2010q2 (with 19 quarters used for training the Kalman�lter). Figures 1 to 3 show the full set of observables, �nan
ial and non-�nan
ial. Further,Figures 4 and 5 show, respe
tively, the 
lear 
ounter-
y
li
ality of the premium (i.e.,rising in downturns) and the substantially greater volatility (although largely similarturning points) of the growth of the residential investment series relative to growth intotal investment (and their 
ombined greater volatility relative to real output growth).3.2 Stru
tural Sho
ksTo summarize, the model has 21 observables. The number of stru
tural sho
ks in themodel depends � as we see below � on the model variant, although the preferred 
asehas 21 stru
tural sho
ks supplemented by measurement errors in extra-euro (volume andpri
e) trade data.Of the stru
tural sho
ks all ex
ept the poli
y rate sho
k are assumed to follow astationary AR(1) pro
ess. The stru
tural sho
ks are the following:Sho
k Symbol and Type
ǫRP domesti
 risk premium ǫRP∗ external risk premium
ǫGc permanent te
hnology ǫprod transitory neutral te
hnology
ǫI investment-spe
i�
 te
hnology ǫϕW wage markup
ǫϕH domesti
 pri
e markup ǫϕX export pri
e markup
ǫϕIM import pri
e markup ǫIM import demand
ǫν∗ export preferen
e ǫG government 
onsumption
ǫR domesti
 poli
y interest rate ǫPiY ∗ foreign pri
e
ǫY ∗ foreign demand ǫR∗ foreign interest rate
ǫpO oil pri
e ǫpCX 
ompetitors' export pri
e
ǫj housing Demand ǫχ premium
ǫGqh permanent te
hnology in res. se
torHowever, we also have the possibility of the additional stru
tural innovations:
• ǫmB (loan-to-value); ǫγ (entrepreneurs' survival rate)
• ǫTe (start-up transfers to entrepreneurs); ǫprodh (transitory neutral te
hnology inresidential se
tor)Finally, we also have measurement errors on trade variables (volumes and pri
es) witha 
ross-
orrelation of -1 imposed on volumes.3.3 CalibrationIn the 
ases of ratios or growth rates or tax rates these were, as in Christo�el et al. (2008),set to broadly mat
h features of the euro area data and to ensure balan
ed growth (seeTable 1). Thus, the trend growth rate of the model e
onomy is 0.5% per quarter (2% per16



annum), whi
h is the growth rate of all (or most) real variables. This rate is de
omposedinto a labor produ
tivity growth rate and a labor-for
e/population growth rate.As already mentioned, a separate growth rate was imposed for residential investment.As in Ia
oviello and Neri (2010), the most sensible value for this implies a degree ofregression over time of te
hni
al progress in the residential se
tor, whi
h is ne
essary toensure that growth in house pri
es are mat
hed.The two dis
ount fa
tors were taken from Ia
oviello (2005), whilst the impatient house-hold's 
ollateral 
onstraint (loan to value ratio) was set to 0.75 on the basis of averagingCalza et al. (2009)'s 
ountry data: Finland and Fran
e (75%), Germany, Spain and Ire-land (70%), Italy (50%), Netherlands (90%) (see also Sorensen and Li
htenberger (2007)).The share of patient 
onsumers is set to 0.80, following standard ranges. The value ofthe leverage ratio and the share of surviving entrepreneurs was taken from Bernankeet al. (1999). Over our sample, the spread of �rms' �nan
ing rate over the riskless ratewas around 130 basis points. The annual real equilibrium interest rate is 2.5% and thein�ation obje
tive is assumed to be just under 2%.The `Calvo' employment parameter linking unobserved hours worked with the laborinput is set at around 0.85, 
onsistent with both Smets and Wouters (2003) and Christo�elet al. (2008), and quite 
onsistent with its freely estimated value.Finally, a word about parameters relating to the household types. Given the la
kof (e.g., 
onsumption, wage) data on di�erent households, we found it di�
ult to 
redi-bly identify Calvo, habit and Fris
h elasti
ity parameters a
ross 
onstrained and un
on-strained household types. We therefore estimated these as a single parameter, whilst inthe latter 
ase, we imposed a value of 2.3.4 TrendsIn Ia
oviello and Neri (2010) there are three di�erent deterministi
 trends: 
onsump-tion (produ
tion of goods), housing (produ
tion of housing investment goods) and non-residential investment. Here we follow Ia
oviello and Neri (2010) noting that the NAWMsingle trend is a nested 
ase.4 EstimationTables 2 and 3 show, respe
tively, a full set of posterior estimations for the 
ore modeland for variants of it. We take the main framework (the two households, the external�nan
e premium) as essentially given, and so our variants refer to the testing for varioussho
k pro
esses � su
h as whether the data 
an dete
t transfer and survival sho
ks toentrepreneurial a
tivity.4.1 Prior DistributionsWe largely follow Christo�el et al. (2008) and indeed standard pra
tise in setting ourpriors (see Table 2 for the 
ore 
ase). The habit parameter is 
entered a 0.5 Beta pro
esswith 0.05 standard error. All Calvo parameters are set as a Beta pro
ess with �rst andse
ond moments of 0.7 and 0.05, whilst indexation parameters are set at 0.5 and 0.10,respe
tively. All parameters relating to �nal goods produ
tion are set to Gamma(1.5,17



0.25) distributions. The same distribution � with slightly more spe
i�
 prior moments �is also used for the adjustment 
osts. All auto-regressive sho
k pro
esses are set as a Betawith mean set at around 0.7 and a standard deviation typi
ally set at 0.1. The standarddeviations of the sho
ks follow di�use Inverse Gamma pro
esses.4.2 Posterior DistributionsTable 2 reports the results obtained with 250,000 draws and two 
hains of the Monte-CarloMarkov-Chain (MCMC) algorithm. The average �a

eptan
e rate� of the two 
hains isaround 0.3%. 10 Although our 
ore 
ase is not ne
essarily the s
enario 
hosen on the basisof model odds, it is favored sin
e the additional parameters asso
iated with perturbationsof the 
ore 
ase seem very weakly identi�ed.Normalizing on the 
ore 
ase, we �nd some interesting results: a premium elasti
ity ofjust under 0.02; Calvo parameters around 0.75 (suggesting average pri
e sti
kiness lastinga quite plausible 4 quarters); and a relatively persistent housing demand sho
k (around0.95). The premium sho
k is small in relative value but it is relatively persistent.Figure 6 displays �Monte Carlo 
hain multivariate diagnosti
s�. The red and bluelines on the 
harts represent spe
i�
 measures of the parameter ve
tors both withinand between the (two MCMC) 
hains. These should be relatively 
onstant and should
onverge (as they do, in our 
ase).11Figures 7 to 12 show the distributions of the priors and posteriors. It 
an be seenthat in most 
ases the estimation data is quite informative in the sense that the posteriorparameter distribution is pulled away from that of the prior.5 Model PropertiesFigures 13 to 22 depi
t the dynami
 responses of sele
ted variables over a 40-quarterhorizon to an in
rease by one estimated standard error in the innovation relating to thepoli
y sho
k, the neutral produ
tivity sho
k, the housing demand sho
k, the premiumelasti
ity sho
k, and the investment spe
i�
 sho
k. The bla
k line is the responses of themodel when parameters are set to their mean values and the grey shaded areas representthe 95% 
on�den
e intervals.In the panels, we show the model responses of GDP; both 
onsumption types; totaland residential investment; employment; volume trade; the real e�e
tive ex
hange rate;the poli
y rate; the premium; measures of in�ation (GDP, CPI, and housing based); loansto �rms and households; and �nally entrepreneurs' net worth.10Estimation was done with Dynare (4.2.0). The mode was �rst obtained using a simulated annealingalgorithm (Go�e (1996)). That mode is then used as starting point for the MCMC draws.11We report three measures: �interval�, being 
onstru
ted from an 80% 
on�den
e interval around theparameter mean, �Varian
e�, being a measure of the varian
e and �Third Moment� based on third mo-ments. For spa
e, we suppress these �gures relating to individual parameters and show the "multivariatediagnosti
" whi
h presents results of the same nature, ex
ept that they re�e
t an aggregate measurebased on the eigenvalues of the varian
e-
ovarian
e matrix of ea
h parameter.
18



5.1 Interest Rate sho
kThis simulation (see Figures 13 and 14) follows the standard me
hanisms of an unanti
i-pated tightening in the poli
y rate. Real demand 
omponents (output, 
onsumption) andemployment all display a protra
ted de
line followed by a gradual return to base followingthe removal of the sho
k. By de�nition, impatient 
onsumers witness a far greater drop intheir expenditures given their inability to borrow, and their tighter real home borrowing
onstraint. The two investment series are more volatile than output and 
onsumption,although, in this sho
k s
enario, non-residential investment drops by a slightly greateramount. As a result of the output 
ontra
tion, �rms' premium rises, further exa
erbatingthe downturn. This tightening of the premia 
learly re�e
ts the drop in entrepreneurs'net worth.5.2 Temporary Produ
tivity Sho
kBy 
ontrast, a temporary produ
tivity sho
k (see Figure 15 and 16) raises output and
onsumption. Here � in line with New-Keynesian me
hanisms � total employment fallsdue to the presen
e of nominal and real rigidities whi
h imply than output growth growsless then that of te
hnology. The various indi
es of In�ation fall given that 
ore realmarginal 
osts have fallen.The premium of the entrepreneurs rises mainly due to the Fisher's e�e
t of an unex-pe
ted drop in in�ation whi
h in
reases the real value of debt.There is a qualitative di�eren
e between patient and impatient 
onsumers. The latterbene�t in the same way as the e
onomy bene�ts sin
e the te
hni
al possibilities of thee
onomy have in
reased as have the returns to real produ
tive assets. Patient 
onsumersnow �nd themselves able to extra
t a high premium from entrepreneurs for their savings.Impatient 
onsumers, however, see a substantial fall in their 
onsumption growth giventhat � as borrowers on nominal 
ontra
ts � the de
rease in in�ation has in
reased thereal value of their liabilities.5.3 Housing Demand Sho
kFigure 17-18 shows the response to a housing preferen
e sho
k, i.e., a shift in preferen
efor housing with respe
t to 
onsumption and leisure. Sin
e it generates an in
rease in bothhouse pri
es and the returns to housing investment this sho
k is 
ommonly interpreted asa housing demand sho
k. As a result of the rise in housing pri
es, impatient 
onsumersfa
e looser 
redit 
onstraints and in
rease their 
onsumption expenditures. They do notdo so however as a result of 
urtailing other 
onsumption pur
hases. The positive responseof 
onsumption to the housing demand sho
k � whi
h is witnessed in VAR studies andevent studies of data � 
annot be reprodu
ed without 
ollateral e�e
ts. GDP rises giventhe very large in
rease in liquidity 
onstrained households' 
onsumption and the resultingin
rease in residential investment and employment (total investment is however barely
hanged). The sho
k has a small negative impa
t on the behavior of Patient 
onsumers.In the absen
e of 
ollateralized debt, patient households substitute 
urrent 
onsumptionfor housing servi
es. 19



5.4 Premium Sho
kFigure 19-20 shows the response to a premium sho
k. This generates a redu
tion innon-residential investment akin to that of the poli
y sho
k. The negative e�e
t of theinvestment o�sets to some degree by the slightly higher 
onsumption pro�les (the im-patient 
onsumers fa
es a relaxation in his real borrowing 
onstraint given the in
reasein house pri
es). The slightly higher returns to housing generate a small but positiveexpansion of residential investment.By de�nition the rise in the premia � 
oupled with the de
line in overall e
onomi
a
tivity � de
reases the borrowing a
tivities of �rms and entrepreneurs and redu
es networth.5.5 Investment-Spe
i�
 Sho
kThe investment spe
i�
 sho
k � in our 
ontext � 
an be 
onsidered as working in a similarmanner to the temporary produ
tivity sho
k. Whilst output, 
onsumption, investment,and employment in
rease, the expansion of borrowing a
tivities intertemporally impliesa rising premium and de
lining net worth.6 Model with and without �nan
ial fri
tionIn this se
tion, we illustrate how the model would behave to a standard monetary poli
ysho
k with (individually and jointly) its two main �nan
ial 
hannels shut down: namelywhere the share of �nan
ially 
onstrained 
onsumers is set to zero, and where the BGGme
hanism is shut down. For 
omparability a
ross these three 
ases, we break withnormal data-based 
onvention and repla
e the value of σpolicy with a value that ensurethat a 25 basis points in
rease in the �rst-period annualized nominal interest rate isa
hieved. Figures 23, 24, 25 shows the results.Overall, the simulation, as before, follows the standard me
hanisms of an unanti
-ipated tightening in the poli
y rate. Real demand 
omponents (output, 
onsumption,investment) and employment all display a protra
ted de
line followed by a gradual re-turn to base following the removal of the sho
k.The two investment series are (as to be expe
ted) more volatile than output and
onsumption, although, in this sho
k s
enario, non-residential investment drops by aslightly greater amount. As a result of the output 
ontra
tion, �rms' premium rises,further exa
erbating the downturn. This tightening of the premium 
learly re�e
ts thedrop in entrepreneurs' net worth (not shown).With the prolonged 
ontra
tion of demand, 
urrent and expe
ted in�ation fall. Thisindu
es a negative in
ome e�e
t on indebted households sin
e the real servi
e 
ost ofnominal debt rises. The monetary sho
k also a�e
ts the 
redit 
onstraint: For anygiven level of the housing sto
k and expe
ted house pri
es the drop in in�ation tightensthe borrowing 
onstraint and at the same time redu
es the marginal utility of furtherborrowing due to the higher future servi
e 
ost of debt.All these e�e
ts redu
e borrowers' 
onsumption and housing demand and lead toa de
rease in house pri
es. The latter, in turn, reinfor
es the negative e�e
ts on the20




redit 
onstraint just des
ribed and hen
e, magni�es the drop in borrowers' 
onsumptiondemand.If �nan
ial markets were fri
tionless, the e
onomy would exhibit a weaker drop in in-�ation after a negative monetary sho
k sin
e the negative e�e
ts on 
onsumption demandoperating via nominal debt and the 
redit 
onstraint would be absent. It 
an be shownthat the higher the fra
tion of borrowers, the more pronoun
ed the negative e�e
t of amonetary tightening on 
urrent in�ation. Note also that sin
e this model assumes thatthe liquidity 
onstrained 
onsumers all work in the residential se
tor, any demand 
on-tra
tion is espe
ially damaging for the 
onsumption pro�les. This is why the aggregate
onsumption pro�le redu
es sharply on impa
t following the sho
k (re�e
ting a large 
ol-lapse in liquidity 
onstrained 
onsumers' 
onsumption). When there are no 
onstrainedagents, 
onsumption follows the more familiar hump-shaped pro�le.Figure 24: Here � in 
omparison to the full model ben
hmark � entrepreneurs borrowat the riskless rate (hen
e there is no dashed line in the premium panel). The e�e
tsare not greatly di�erent. Having no premium allows total investment to su�er a smallerde
line, this leads dire
tly to a less 
ontra
tionary GDP pro�le. Sin
e non-residential in-vestment is determined more by borrowing 
onditions than residential investment (whi
his dire
tly related to borrowing 
onstraints and house pri
es), it makes sense that non-residential investment should be more a�e
ted by the absen
e of a premium 
hannel.The better performan
e for non-residential investment, draws resour
es away from theresidential se
tor whi
h in turn produ
es slightly more negative outturns 
ompared tothe full model, with a 
onsequently more negative pro�le for house pri
es.7 Model and Data Sample MomentsTable 4 shows some 
omparisons of the �rst and se
ond moments of the data, 
omparedto that generated by the model for a sele
tion of observables. The �nal 
olumn is these
ond moment of ea
h variable relative to GDP.The mean values of the model 
an be seen simply to embody balan
ed growth 
losures,as dis
ussed earlier in se
tion 3.3. The se
ond moments show a variety of hits andmisses. The values of the poli
y rate, the premium, residential investment growth, andhouse pri
es seem not unreasonable. Clearly, however there is a 
onsiderable upwardbias in the estimation of the se
ond moment of aggregate 
onsumption. This is notan entirely surprising result � the NAWM reports a data (model) standard deviation of0.48(0.74). This re�e
ts in part the traditional weakness of the Euler-equation approa
hto modeling 
onsumption, even when supplemented with a quantitatively signi�
ant habitand 
onsumption smoothing parameter values. In our 
ase, the failure is more drasti
with the model (data) standard deviations for 
onsumption at 0.5(1.6). This gap widensthe larger share is attributed to liquidity 
onstrained 
onsumers � whi
h in itself goessome (but relatively little) way to improve relative housing pri
e and volume volatilities.Clearly the in
lusion of the non-Ri
ardian household is a useful devi
e in some di-mensions � for example in in
orporating 
ollateral 
onstraints in a tra
table manner andin re
on
iling housing demand sho
ks with the data. But there is a pri
e to be paid byassuming that some fra
tion of 
onsumers are permanently liquidity 
onstrained. Morere
ent �nan
ial fri
tions literatures have tried to make su
h shares state dependent and21



at least hold out the hope of redu
ing this ex
essive 
onsumption feature. A similarargument holds with real investment where � again similarly so with the NAWM - thedata produ
es more volatility than the data � ostensibly related to the models' ex
essivesensitivity to movements in the real user 
ost.8 Varian
e De
ompositionTable 5 shows the 
onditional varian
e de
omposition over an immediate (1 quarter) andmedium run (20-quarter) horizon.In the short run we see that output is driven in almost equal measure by all thesho
k groups. Finan
ial sho
ks have a relatively large e�e
t on output, 
onsumption andspe
i�
ally �nan
ial variables like house pri
es, residential investment and the Premium.In the 
ase of the premium it is almost 
ompletely a

ounted for by its sto
hasti
 sho
kin the short run (i.e., the model is essentially uninformative about that sho
k over theshort horizon). But as the horizon widens, variation in the premium is mostly (2/3rds)by variation in other model elements. Real residential investment and house pri
es tendhowever to be dominated by their own sho
ks.As the horizon in
reases monetary poli
y sho
ks have a smaller e�e
t on all observ-ables, ex
ept in�ation. The same is true for demand sho
ks9 Histori
al De
ompositionsOne of the most interesting produ
ts of the DSGE frameworks is the produ
tion of his-tori
al de
ompositions. This involves taking observables and de
omposing them into the
ontribution asso
iated with the stru
tural sho
ks. The �gures below show 
ontribu-tion 
harts for key variables in growth rates (measured in deviation from a mean growthrate that needs to be added to obtain the realized values). We omit the e�e
t of initial
onditions and measurement errors for 
onvenien
e.Sin
e the number of stru
tural sho
ks is relatively high, we group them into thefollowing 
ategories:
• Finan
ial: Net Worth; Premium; Housing Demand;
• Foreign: external risk premium; export preferen
e; import pri
e; foreign variables(foreign demand, foreign interest rate)
• Mark-Ups: All mark-up sho
ks.
• Demand: Domesti
 Risk Premium Sho
ks; Government Expenditure Sho
ks; Pref-eren
e Sho
ks; Import Demand Sho
ks.
• Te
hnology: Permanent neutral te
hnology sho
k; Transitory neutral te
hnologysho
k; Investment-spe
i�
 te
hnology sho
k.
• Monetary Poli
y: Innovation on Taylor feedba
k rule22



Note, that this distin
tion of sho
ks is by no means unique (investment-spe
i�
 sho
ks
ould also be 
onsidered as �nan
ial sho
ks), but it does illustrate well the workings ofthe model. The �nan
ial blo
k, note, is deliberately intended to isolate sho
ks whi
hwould not be found in more standard models without �nan
ial fri
tions.Figures 26 to 29 show the (annual 
umulated) histori
al de
omposition of real GDPgrowth, In�ation, the premium and house pri
es from 2005q1 until the end of the esti-mation sample (2010q2).GDP Growth We see that �nan
ial sho
ks played some small role in the 
umulateddownturn in real GDP but they were by no means dominant, with movements in te
hnol-ogy and foreign sho
ks seemingly more important. Interestingly, monetary poli
y sho
kswere not supportive around the downturn: this re�e
ted the fa
t that short-term nominalmonetary poli
y were on a tightening 
y
le in the run up to the 
risis and although poli
yrates 
orre
ted themselves rapidly (see the positive 
ontribution to GDP growth after thenadir), the 
ontribution was rather muted re�e
ting perhaps the lower-bound 
onstraintas well as the past e�e
t of monetary tightening, and perhaps (to the extent that we 
anmeaningfully 
apture non-
redit e�e
ts), the enhan
ed 
redit support of the 
entral bank.Given that the premium paid by �rms went up over the 
risis (as theory would predi
t),there was a persistently negative 
ontribution of �nan
ial sho
ks to real output growth(ex
ept for the last 2 quarters).In�ation The GDP-de�ator in�ation behaved not dissimilarly to output growth:being mainly driven down towards the end of the sample by large negative produ
tivityand foreign sho
ks. Monetary poli
y was also not supportive around the 
risis althoughits parti
ular 
ontribution is quite muted. Generally the e�e
ts of �nan
ial sho
ks onin�ation are small and � around the 
risis � 
ontributing negatively to in�ation. Themain positive 
ontribution to pri
es was variations in mark-up sho
ks.Premium Finan
ial sho
ks (as well as foreign sho
ks) were the dominant 
ontributorto the rising premium in the latter part of our sample, with te
hnology and (to a far lesserextent monetary) sho
ks playing something of an o�setting role.House Pri
es Finan
ial sho
ks played a dominant (and highly pro-
y
li
al) role inthe growth of house pri
es. Again monetary poli
y sho
ks though mildly unsupportivearound the largest drop in house, be
ome (although again mildly) supportive thereafter.10 Con
lusionsWe estimated a model of the euro area following the re
ent 
ontributions of Smets andWouters (2003) and Christo�el et al. (2008), with the addition and distin
tion of allow-ing for a number of �nan
ial fri
tions. These related to the allowan
e of an external�nan
e premia on entrepreneurs' pur
hases of 
apital from un
onstrained households,and from the existen
e of 
ollateral 
onstraints on household pur
hases by un
onstrainedhouseholds.We presented estimation results obtained from a linear state-spa
e representation ofthe model using Bayesian methods. We then explored various aspe
ts of the model's23



properties � su
h as standard impulse response analysis, its implied sample momentsrelative to the observed data and fore
ast error varian
e de
ompositions and histori
alsho
k de
ompositions. Although � relative to a model without the same �nan
ial fri
tions� the simulation properties are mostly not qualitatively a�e
ted, the model's abilityto tra
k and enhan
e our understanding of the evolution of �nan
ial variables and thestrength of �nan
ial 
hannels, makes the model a valuable addition to modeling work inthe euro area.Re
ently, the literature on �nan
ial fri
tions and �nan
ial 
rises has expanded dra-mati
ally. Many of these extensions in
lude substantial non-linearities (for example, in�o

asionally binding� 
onstraints); in modeling a monopolisti
ally 
ompetitive bankingse
tor and banking entry and exit 
osts; in modeling the 
hannels involved in �un
on-ventional� monetary poli
y (i.e., 
entral banks inter-temporally dire
tly taking privateassets onto their balan
e sheet); a

ounting for imperfe
t pass-through between risklessand lending rates; debt-de�ation spirals; and sudden stops et
. The 
hallenge for futuremodeling in this area will be to assess to whi
h extent large produ
tion poli
y and pro-je
tion models 
an go beyond the in
orporation of simpler �nan
ial fri
tions (as analyzedhere) to these more extensive features whilst still retaining tra
tability.
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Table 1: Calibrated ParametersParameter Des
ription Value
β1 Dis
ount Fa
tor (Patient) Gc/ (R

ss)
1
4 = 0.9968

β2 Dis
ount Fa
tor (Impatient) 0.9750
m_B Loan to Value Ratio 0.7500

γ_D_N Leverage Ratio 0.5000
ρ Share of Patient HHs 0.8000
− Labor Share (Patient Household) 0.6000
δ Depre
iation Rate (Capital) 0.0250
δh Depre
iation Rate (Housing) 0.0100
τC Consumption Tax 0.1830
τN Labor In
ome Tax 0.1220
τWh So
ial Se
urity Contribution (Worker) 0.1180
τWf So
ial Se
urity Contribution (Firm) 0.2190
τK Capital Tax 0.5080
− Trend Growth rate (%) Gc+Ge

Gc Trend Labor Prod. Growth Rate (%) (1.012)
1
4 = 1.0030

Ge Trend Labor For
e Growth Rate (%) (1.008)
1
4 = 1.0020

Gqh Trend Res. Inv. Prod. Growth rate (%) (0.9904)
1
4 = 0.9976

C/Y Consumption/Output 0.5750
I/Y Investment/Output 0.2300
H/Y Housing Sto
k/Output 0.7500
G/Y Government Expenditure/Output 0.2150

IM_C/Y Imports in Consumption/Output 0.1000
IM_I/Y Imports in Investment/Output 0.0600

IM/Y, X/Y Imports/Output, Exports/Output 0.1600
π̄, π̄∗ In�ation Target 1.00475

RSS,R∗,SS Steady State Nominal Interest Rate πss
i + Gc

β1
− 1 = 1.0110

RRSS,RR∗,SS Annual Real Steady State Interest Rate (%) 1 + 4 ·
(

RSS − π̄
)

= 1.0250
γ Share of Surviving Entrepreneurs 0.9700

γ_Te Start Up Transfer as share of 
onsumption 0.0100
χ_ Steady State Premia 128bp

ζ1, ζ2, ζH Inverse labor Supply elasti
ity 2
γ∗B External Intermediation Premium Elasti
ity 0.0100

ρG, σG Auto-Regressive (Standard error) Pro
ess for G 0.9700 (0.4305)
ξE Calvo Employment Parameter 0.850Note: Numbers refer to quarterly-frequen
y.
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Table 2: Posterior Distributions of the Stru
tural Parameters: Core CasePrior Posterior DistributionDistribution mode mean 5% 95%Preferen
es
κ Habit Formation B(0.50, 0.05) 0.565 0.573 0.495 0.646Wage and Pri
e Setting
ξW Calvo Wages B(0.75, 0.05) 0.702 0.706 0.645 0.767
χW Indexation Wages B(0.50, 0.05) 0.460 0.461 0.383 0.539
ξH Calvo Dom. Pri
es B(0.75, 0.05) 0.801 0.801 0.765 0.839
χH Indexation Dom. Pri
es B(0.50, 0.05) 0.392 0.395 0.317 0.472
ξX Calov Export Pri
es B(0.75, 0.05) 0.818 0.800 0.759 0.850
χX Indexation Export Pri
es B(0.75, 0.10) 0.376 0.407 0.258 0.561
ξIM Calvo Import Pri
es B(0.75, 0.05) 0.502 0.508 0.446 0.567
χIM Indexation Import Pri
es B(0.50, 0.05) 0.428 0.432 0.355 0.507
ω∗ Oil Import Shares B(0.15, 0.05) 0.175 0.175 0.145 0.203Final Good Produ
tion
µC Subst. Elast. Cons. Γ (1.50, 0.25) 3.033 3.027 2.567 3.473
µI Subst. Elast. Inv. Γ (1.50, 0.25) 2.014 2.057 1.520 2.593
µast Export Market Share Γ (1.50, 0.25) 1.193 1.181 0.968 1.378Finan
ial A

elerator
χ Premium Elasti
ity B(0.05, 0.01) 0.017 0.017 0.013 0.022Adjustment Costs
γI Investment Γ (4.00, 0.50) 3.337 3.454 2.719 4.155
γIMC Import Content of Cons. Γ (5.00, 0.25) 4.784 4.815 4.424 5.200
γIMI Import Content of Inv. Γ (1.50, 0.50) 4.146 4.293 3.269 5.308
γast Export Market Share Γ (2.50, 1.00) 2.453 2.516 1.968 3.031
γIH Residential Investment Γ (2.50, 1.00) 1.470 1.310 0.992 1.618Monetary Poli
y
λR: Smoothing B(0.6, 0.05) 0.860 0.858 0.832 0.885
λπ Rea
tion to In�. N(1.7, 0.1) 1.654 1.647 1.516 1.778
λ∆π Rea
tion to Change in In�. N(0.3, 0.1) 0.193 0.194 0.123 0.264
λ∆gdp Rea
tion to Output Growth N(0.063, 0.05) 0.214 0.223 0.188 0.256Auto-Regressive Coe�
ients
ρRP Risk Premia Foreign B(0.80, 0.10) 0.834 0.839 0.787 0.892
ρGc Permanent Te
hnology Sho
k B(0.80, 0.10) 0.758 0.769 0.649 0.890
ρprod Transitory te
hnology Sho
k B(0.75, 0.05) 0.856 0.842 0.811 0.875
ρI Inv-spe
. Te
h. B(0.75, 0.05) 0.666 0.659 0.587 0.730
ρϕH

Pri
e Mark-up B(0.50, 0.10) 0.931 0.926 0.891 0.961
ρϕX

Export Pri
e Mark-up B(0.50, 0.10) 0.291 0.315 0.191 0.437
ρϕIM

Import Pri
e Mark-up B(0.50, 0.10) 0.577 0.571 0.402 0.730
ρIM Import Demand B(0.80, 0.10) 0.486 0.482 0.395 0.569
ρRPdom Risk Premium B(0.50, 0.10) 0.812 0.792 0.733 0.856
ρGqh Transitory Residential Te
h B(0.80, 0.10) 0.543 0.531 0.446 0.614
ρj Housing Demand B(0.80, 0.10) 0.950 0.946 0.941 0.950
ρχ Premium B(0.80, 0.10) 0.876 0.868 0.800 0.940
ρw Wage Mark-up B(0.80, 0.10) 0.835 0.816 0.748 0.885Standard Deviations
σRP Risk Premia Foreign Γ−1 (0.15, Inf) 0.659 0.680 0.491 0.854
σGc Permanent Te
hnology Sho
k Γ−1 (0.15, Inf) 0.277 0.273 0.179 0.368
σprod Temporary Produ
tivity Sho
k Γ−1 (0.15, Inf) 1.174 1.220 1.040 1.397
σI Investment Spe
. Te
hnology sho
k Γ−1 (0.15, Inf) 2.905 3.030 2.336 3.737
σϕH

Pri
e Mark-up Γ−1 (0.15, Inf) 0.402 0.411 0.350 0.469
σϕX

Export Pri
e Mark-up Γ−1 (0.15, Inf) 1.942 2.025 1.754 2.290
σϕIM Import Pri
e Mark-up Γ−1 (0.15, Inf) 0.822 0.851 0.606 1.101
σIM Import Demand Γ−1 (0.15, Inf) 12.876 13.133 11.374 14.845
σpolicy Poli
y Rate Γ−1 (0.15, Inf) 0.127 0.134 0.112 0.155
σRPdom Risk Premia Foreign Γ−1 (0.15, Inf) 2.553 2.596 2.125 3.069
σχ Premium Γ−1 (0.15, Inf) 0.071 0.072 0.064 0.081
σGqh Transitory Residential Te
h. Γ−1 (0.15, Inf) 0.694 0.706 0.619 0.796
σj Housing Demand Γ−1 (0.15, Inf) 10.000 9.517 8.945 10.000
σw Wage Mark-up Γ−1 (0.15, Inf) 0.260 0.274 0.211 0.334



Table 3: Posterior Distributions of the Stru
tural Parameters: Variants
ore v1 v2 v3 v4 v5 v6Preferen
es
κ Habit Formation 0.573 0.579 0.577 0.571 0.580 0.595 0.581Wage and Pri
e Setting
ξW Calvo Wages 0.706 0.746 0.718 0.707 0.709 0.729 0.711
χW Indexation Wages 0.461 0.492 0.414 0.460 0.460 0.454 0.457
ξH Calvo Dom. Pri
es 0.801 0.782 0.781 0.802 0.801 0.780 0.800
χH Indexation Dom. Pri
es 0.395 0.408 0.401 0.392 0.395 0.393 0.395
ξX Calvo Export Pri
es 0.800 0.804 0.791 0.800 0.799 0.797 0.798
χX Indexation Export Pri
es 0.407 0.410 0.395 0.402 0.413 0.413 0.406
ξIM Calvo Import Pri
es 0.508 0.516 0.497 0.507 0.507 0.504 0.507
χIM Indexation Import Pri
es 0.432 0.430 0.410 0.432 0.434 0.429 0.429
ω∗ Oil Import Shares 0.175 0.180 0.170 0.175 0.175 0.173 0.175Final Good Produ
tion
µC Subst. Elast. Cons. 3.027 2.825 3.187 3.034 3.030 3.036 3.051
µI Subst. Elast. Inv. 2.057 2.350 1.914 2.074 2.083 2.049 2.066
µ∗ Export Market Share 1.181 1.129 1.198 1.189 1.185 1.178 1.180Finan
ial A

elerator
χ Premium Elasti
ity 0.017 0.009 0.018 0.017 0.017 0.018 0.017Adjustment Costs
γI Investment 3.454 2.724 3.387 3.470 3.463 3.438 3.470
γIMC Import Content of Cons. 4.815 4.819 4.793 4.806 4.812 4.807 4.809
γIMI Import Content of Inv. 4.293 4.873 4.376 4.312 4.273 4.251 4.297
γ∗ Export Market Share 2.516 2.675 2.385 2.514 2.517 2.531 2.515
γIH Residential Investment 1.310 1.047 1.255 1.317 1.301 1.317 1.304Monetary Poli
y
λR Smoothing 0.858 0.914 0.849 0.858 0.859 0.848 0.857
λπ Rea
tion to In�. 1.647 1.560 1.697 1.649 1.652 1.689 1.656
λ∆π Rea
tion to Change in In�. 0.194 0.085 0.228 0.195 0.195 0.219 0.200
λ∆Y Rea
tion to Output Growth 0.223 0.244 0.196 0.224 0.224 0.216 0.225Auto-Regressive Coe�
ients
ρRP Risk Premia Foreign 0.839 0.864 0.838 0.837 0.837 0.836 0.839
ρGc Permanent Te
hnology Sho
k 0.769 0.741 0.716 0.771 0.769 0.712 0.764
ρprod Transitory te
hnology Sho
k 0.842 0.802 0.855 0.841 0.842 0.850 0.841
ρI Inv-spe
. Te
h. 0.659 0.669 0.720 0.659 0.657 0.659 0.648
ρϕH

Pri
e Mark-up 0.926 0.934 0.942 0.926 0.925 0.943 0.929
ρϕX

Export Pri
e Mark-up 0.315 0.329 0.397 0.314 0.313 0.318 0.316
ρϕIM

Import Pri
e Mark-up 0.571 0.575 0.570 0.572 0.569 0.571 0.573
ρIM Import Demand 0.482 0.505 0.494 0.483 0.479 0.491 0.482
ρRPdom

Risk Premium 0.792 0.893 0.833 0.795 0.798 0.825 0.800
ρGqh Transitory Residential Te
h 0.531 0.628 0.764 0.535 0.531 0.752 0.533
ρj Housing Demand 0.946 0.790 0.944 0.946 0.946 0.945 0.946
ρχ Premium 0.868 0.941 0.860 0.867 0.866 0.839 0.840
ρw Wage Mark-up 0.816 0.689 0.819 0.814 0.813 0.802 0.812
ρmB

Loan-to-value - - - - 0.791 0.804 0.792
ρTe

Transfer to Entrepreneurs - - - 0.796 - 0.798 0.800
ργ Firms' Survival Rate - 0.998 - - - 0.769 0.763
ρprodH Residential Produ
tivity - - 0.860 - - 0.804 -Standard Deviations
σRP Risk Premia Foreign 0.680 0.643 0.675 0.682 0.681 0.691 0.678
σGc Permanent Te
hnology Sho
k 0.273 0.279 0.289 0.275 0.273 0.276 0.279
σprod Temporary Produ
tivity Sho
k 1.220 1.395 1.094 1.225 1.210 1.133 1.200
σI Investment Spe
. Te
hnology sho
k 3.031 1.962 2.869 3.027 3.035 3.029 3.039
σϕH

Pri
e Mark-up 0.411 0.419 0.399 0.412 0.410 0.404 0.411
σϕX

Export Pri
e Mark-up 2.025 2.064 2.078 2.024 2.038 2.035 2.026
σϕIM

Import Pri
e Mark-up 0.851 0.868 0.832 0.853 0.859 0.857 0.857
σIM Import Demand 13.133 13.717 12.840 13.146 13.172 13.033 13.144
σpolicy Poli
y Rate 0.134 0.124 0.127 0.134 0.134 0.135 0.134
σRPdom

Risk Premia Foreign 2.596 2.740 2.544 2.583 2.556 2.585 2.562
σχ Premium 0.072 0.078 0.070 0.072 0.073 0.071 0.071
σGqh Transitory Residential Te
h. 0.706 0.697 0.414 0.706 0.707 0.443 0.709
σj Housing Demand 9.517 0.156 10.000 9.554 9.459 9.522 9.423
σw Wage Mark-up 0.274 0.346 0.272 0.276 0.278 0.282 0.277
σmB

Loan-to-value - - - - 0.185 0.149 0.197
σTe

Transfer to Entrepreneurs - - - 0.144 - 0.150 0.151
σγ Firms' Survival Rate - 0.250 - - - 0.123 0.124
σprodH

Residential Produ
tivity - - 0.429 - - 0.424 -Log Density -3029.753 -3066.690 -3111.885 -3029.639 -3029.296 -3017.823 -3029.681Model odds 0.135 0.003 0.000 0.137 0.142 0.446 0.136



Table 4: Sele
ted Moments of Data and ModelData Modelmean std. dev mean std. devReal GDP 0.46 0.6 � 0.5 1.09 �Consumption 0.44 0.5 0.85 0.5 1.61 1.48Total Investment 0.36 1.47 2.47 0.5 2.56 2.35GDP Def. 0.93 0.68 1.14 0.48 0.92 0.84Poli
y Rate 6.89 3.94 6.57 4.41 2.42 2.22Premium 1.28 0.68 1.15 1.28 1.16 1.07Residential Inv. -0.04 2.34 3.92 0.26 3.32 3.05House Pri
es 1.44 1.51 2.53 0.72 1.24 1.14
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Figure 4: Premia and Real Output Growth (Demeaned).
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Figure 5: Total, Residential Real Investment Growth, and Real Output Growth



Figure6:M
ultivariateD
iagnosti
s

0.
5

1
1.

5
2

2.
5

x 
10

5

810121416
In

te
rv

al

0.
5

1
1.

5
2

2.
5

x 
10

5

010203040
S

ec
on

d 
M

om
en

t

0.
5

1
1.

5
2

2.
5

x 
10

5

0

10
0

20
0

30
0

40
0

T
hi

rd
 M

om
en

t

Note:theho
rizontalaxis
representsth
enumberof
Metropolis-H
astingsitera
tionsthath
avebeenun
dertaken,an
dtheverti
a
laxis

themeasure
oftheparam
etermoment
s,withthe�
rst,
orrespo
ndingtothe
measureatt
heinitialva
lueoftheM
etropolis-Ha
stings

iterations.



Figure 7: Priors and Posteriors
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Note: The �gures shows the marginal distribution of the model's stru
tural parametersbased on a Markov Chain with 250,000 draws (bla
k line) against their marginal priordistribution (grey line).
Figure 8: Priors and Posteriors (Cont.)
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Figure 9: Priors and Posteriors (Cont.)
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Figure 10: Priors and Posteriors (Cont.)
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Figure 11: Priors and Posteriors (Cont.)
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Figure 12: Priors and Posteriors (Cont.)
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Figure 13: Temporary Monetary Poli
y Sho
k
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Note: All responses are reported as per
entage deviations from the non-sto
hasti
 steady, ex
eptin�ation and interest rates. Shaded areas represent 95% probability bands.Figure 14: Temporary Monetary Poli
y Sho
k (Cont.)



Figure 15: Temporary Neutral Produ
tivity Sho
k
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Figure 16: Temporary Neutral Produ
tivity Sho
k (Cont.)
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Figure 17: Temporary Housing Demand Sho
k
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Note: See above. Figure 18: Temporary Housing Demand Sho
k (Cont.)



Figure 19: Temporary Premium Sho
k
5 10 15 20 25 30 35 40

−0.12

−0.1

−0.08

−0.06

−0.04

−0.02

GDP

5 10 15 20 25 30 35 40
−0.1

−0.05

0

0.05

Consumption (Patient)

5 10 15 20 25 30 35 40
−0.1

0

0.1

Consumption (Impatient)

5 10 15 20 25 30 35 40

−0.8

−0.6

−0.4

−0.2

0

Total Investment

5 10 15 20 25 30 35 40

−0.1

0

0.1

0.2

Residential Investment

5 10 15 20 25 30 35 40

−0.02

−0.01

0

0.01
Employment

5 10 15 20 25 30 35 40

−0.1

−0.05

0

Exports

5 10 15 20 25 30 35 40

−0.3

−0.2

−0.1

0

0.1

Imports

5 10 15 20 25 30 35 40

−0.1

−0.05

0

Real Effective Exchange Rate

5 10 15 20 25 30 35 40

−0.02

−0.01

0

Policy Rate

5 10 15 20 25 30 35 40
0

0.02

0.04

0.06

0.08

Premium

5 10 15 20 25 30 35 40

−0.4

−0.2

0
Loans to Firms

5 10 15 20 25 30 35 40
−0.06

−0.04

−0.02

0

0.02

Loans to Households

5 10 15 20 25 30 35 40

−0.4

−0.2

0
Net Worth

5 10 15 20 25 30 35 40

−10

−5

0
x 10

−3 GDP Inflation Rate

5 10 15 20 25 30 35 40

−10

−5

0
x 10

−3 Consumer Price Inflation Rate 

5 10 15 20 25 30 35 40

−20

−15

−10

−5

0

x 10
−3 Import Price Inflation Rate

5 10 15 20 25 30 35 40
−0.02

−0.01

0

0.01

0.02

House Prices

Note: See above. Figure 20: Temporary Premium Sho
k (Cont.)



Figure 21: Investment-Spe
i�
 Sho
k
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Note: See above. Figure 22: Investment-Spe
i�
 Sho
k (Cont.)



Figure 23: Temporary Monetary Poli
y Sho
k with and without liquidity 
onstrainedagents
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Figure 24: Temporary Monetary Poli
y Sho
k with and without External Finan
e Pre-mium
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Figure 25: Temporary Monetary Poli
y Sho
k with and without Finan
ial Fri
tions
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Figure 26: Histori
al De
omposition of Annualized Real GDP Growth
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Figure 27: Histori
al De
omposition of Annualized GDP De�ator In�ation



Figure 28: Histori
al De
omposition of Annualized premium
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Figure 29: Histori
al De
omposition of Annualized House Pri
es



A Aggregation and market 
learingAggregate 
onsumption and �nal goods market equilibrium
Ct = pC1,t + (1− p)C2,t; (36)Assuming that the 
ost of 
apital utilization is paid in �nal goods,

PC,tQ
C
t = PC,tCt + PC,ta(ut)̟tKt (37)Aggregate intermediate goods demand

Ht = HC
t +HI

t +HG
t +HH
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where
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t (47)Intermediate-goods market 
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B The non-linear modelHere we list all the variables and equations that 
onstitute the non-linear model.B.1 List of variablesI) Consumption Aggregated CtII) Consumption Patient H/h C1,tIII) Consumption Impatient H/h C2,tIV) Housing Patient H/h H1,tV) Housing Impatient H/h H2,tVI) Housing Aggregated HtVII) Lagrange multiplier borrowing 
onstraint λBtVIII) Lagrange multiplier H/h patient λptIX) Lagrange multiplier H/h impatient λtX) Capital Intermediate goods Ks
tXI) Capital Housing investment se
tor KH
tXII) Capital Aggregated KtXIII) Housing investment IHtXIV) Capital goods investment ItXV) Capital utilization utXVI) Net worth NtXVII) Transfer to entrepreneurs T γ
tXVIII) Labor Aggregated type 1 N1,tXIX) Labor Aggregated type 2 N2,tXX) Labor Aggregated housing Nh,tXXI) Wage Aggregated housing Wh,tXXII) Import 
onsumption goods se
tor IMC

tXXIII) Import investment goods se
tor IM I
tXXIV) Import Aggregated IMtXXV) Demand �nal 
onsumption goods QC

tXXVI) Demand �nal investment goods QI
tXXVII) Demand/supply Government goods HG
tXXVIII) Demand/supply intermediate housing goods HH
tXXIX) Demand 
onsumption goods inputs HC
tXXX) Demand investment goods inputs HI
tXXXI) Aggregate demand for intermediate goods HtXXXII) Marginal return on 
apital rKtXXXIII) Pri
e of housing qh,tXXXIV) Marginal 
ost intermediate �rms MCtXXXV) Marginal 
ost housing investment MCIH,tXXXVI) Total return on 
apital RK
tXXXVII) Tobin's q qk,tXXXVIII) Risk free interest rate RtXXXIX) Entrepreneurs' loans DB
tXL) Housing 
redit BH
t



XLI) NFA position B∗
tXLII) Government bonds BtXLIII) Government spending GtXLIV) Pri
e �nal intermediate goods PH,tXLV) Pri
e Investment goods PI,tXLVI) Pri
e of export PX,tXLVII) Pri
e of import PIM,tXLVIII) REAL ex
hange rate REXtXLIX) Calvo's numerator intermediate Q1,tL) Calvo's denominator intermediate Q2,tLI) Calvo's numerator export QX
1,tLII) Calvo's denominator intermediate QX
2,tLIII) Calvo's numerator import QIM
1,tLIV) Calvo's denominator import QIM
2,tLV) Calvo's numerator Wage type 1 Q
W,1
1,tLVI) Calvo's denominator Wage type 1 Q
W,1
2,tLVII) Calvo's numerator Wage type 2 Q
W,2
1,tLVIII) Calvo's denominator Wage type 2 Q
W,2
2,tLIX) Calvo's numerator Wage type H Q
W,H
1,tLX) Calvo's denominator Wage type H Q
W,H
2,tLXI) Aggregate Wage type 1 W̄1,tLXII) Aggregate Wage type 2 W̄2,tLXIII) Export XtLXIV) Intermediate goods pri
e index PY,tLXV) Intermediate goods output YtLXVI) In�ation home πtLXVII) In�ation export goods πX
tLXVIII) Real ex-ante rate foreign RR∗

tLXIX) Wage in�ation type 1 πW,1
tLXX) Wage in�ation type 2 πW,2
tLXXI) Intermediate goods in�ation πH,tLXXII) Import goods in�ation πIM,tB.2 List of non-linear equations in detrended real formHere we allow for a possibly sto
hasti
 trend so that e.g. GC,t = ln zt−ln zt−1. With abuseof notation the Lagrange multipliers have the same symbol for detrended and trendingvariable. The same is for housing and all the variables that were denoted with smallletters. Detrended variables are denoted with small letters, e.g. x = X
zx

where zxis thetrend in X. Everything is expressed in real terms, i.e. relative to 
onsumer goods.
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tions used in non-linear equations
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a(ut) ≡ rK
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γu1u
2
t

2
+ (1− γu1 )ut +

γu1
2

− 1

) (59)
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PY,tYt
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) (60)
ΓI (·) ≡

γI
2

(

It
It−1

−GC

)2 (61)Noti
e that the external �nan
e premium fun
tion (equation 58) need not be spe
i�ed.All we need to now is a value at the steady state (χ) and a value of its �rst derivative atthe steady state (χ′). The fun
tion used above has the property that the elasti
ity of thepremium with respe
t to the leverage is χ2 while the steady state premium is χ. Noti
ealso that in the NAWM the 
apital-utilization 
ost fun
tion is γu,1 (ut − 1)+
γu,2
2

(ut − 1)2.We use the fun
tion used by Ia
oviello and Neri (2010) as it makes the return on 
apitalindependent of the fun
tion's parameters.
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