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Abstrat

We inorporate �nanial linkages in EAGLE, a New Keynesian multi-ountry dynami

general equilibrium model of the euro area (EA) by inluding �nanial fritions and

ountry-spei� banking setors. In this new version of the model, termed EAGLE-FLI

(Euro Area and GLobal Eonomy with Finanial LInkages), banks ollet deposits from

domesti households and ross-ountry interbank market and raise apital to �nane loans

issued to domesti households and �rms. In order to borrow from loal (regional) banks,

households use domesti real estate as ollateral whereas �rms use both domesti real

estate and physial apital. These features � together with the full haraterization of

trade balane and real exhange rate dynamis and with a rih array of �nanial shoks

� allow to properly assess domesti and ross-ountry maroeonomi e�ets of �nanial

shoks. Our results support the views that (1) the business yles in the EA an be driven

not only by real shoks, but also by �nanial shoks, (2) the �nanial setor ould amplify

the transmission of (real) shoks, and (3) the �nanial/banking shoks and the banking

setors an be soures of business yle asymmetries and spillovers aross ountries in a

monetary union.

JEL: E51, E32, E44, F45, F47

Keywords: Banks, DSGE models, eonometri models, �nanial fritions, open-eonomy

maroeonomis, poliy analysis.
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1. Introdution

The reent �nanial risis, whih has resulted in a long period of eonomi

stagnation and extremely low in�ation, espeially in the euro area (EA), and

the ensuing debate on poliy responses (in partiular by entral banks) have

widely inreased the need for understanding how domesti and ross-ountry

�nanial fators might a�et maroeonomi performane in a monetary union

suh as the EA. Cross-ountry heterogeneous onditions in �nanial markets

and banking setors within the union an make it di�ult for the ommon

monetary poliy to guarantee the union-wide maroeonomi stability, while

alling for maroprudential poliies to foster �nanial stability at a ountry and,

hene, union level. Thus, understanding the role of ountry-spei� strutural

�nanial and banking features, their interation within and aross regions and

their e�et on the transmission mehanism of monetary poliy is ruial for

a proper analysis of monetary and �nanial stabilization issues in a monetary

union, and in partiular for a thorough assessment of poliy responses in the

EA in the aftermath of the reent �nanial risis.

To takle these issues we enrih a multi-ountry model of the EA alled

EAGLE (Euro Area and GLobal Eonomy) model with �nanial fritions,

banking setors and a ross-ountry interbank market.

1

This paper desribes

the new model setup, labeled EAGLE-FLI (Euro Area and GLobal Eonomy

with Finanial LInkages),

2

and transmission mehanism via a set of simulations,

that shows the maroeonomi e�ets of several �nanial shoks, to illustrate

its usefulness from a poliy perspetive.

The original EAGLE model is a large-sale mirofounded model developed

for the analysis of spillovers and maroeonomi interdependene aross

the di�erent ountries belonging to the EA and between them and other

ountries outside the monetary union. The open eonomy version of the

New Keynesian paradigm, so alled New Open Eonomy Maroeonomis

framework, onstitutes EAGLE's theoretial kernel and guarantees a nontrivial

role for monetary, exhange rate, �sal and strutural poliy measures. The

mirofoundations of the model together with its rih struture allow for a

quantitative analysis in a theoretially oherent and fully onsistent model

setup, learly spelling out the poliy impliations.

3

1. See Gomes, Jaquinot and Pisani (2010, 2012) for the desription of the standard

EAGLE model.

2. Jointly developed by sta� of Bank of Portugal, Bank of Italy, Croatian National Bank

and European Central Bank, EAGLE-FLI is a projet of the EAGLE Network, under the

auspies of the Working Group on Eonometri Modeling of the European System of Central

Banks.

3. The EAGLE setup builds on the New Area Wide Model (NAWM, Coenen, MAdam

and Straub, 2008). See also the IMF's Global Eonomy Model (GEM, Laxton and Pesenti,

2003 and Pesenti, 2008), the Bank of Canada's version of GEM (Lalonde and Muir, 2007),

the Federal Reserve Board's SIGMA (Ereg, Guerrieri and Gust, 2006), the European
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EAGLE-FLI adds the following features to the original EAGLE framework.

First, we introdue two types of households, namely �borrowers�and �savers�.

Seond, we inlude a banking setor that intermediates redit �ows (banking

loans and deposits) in eah of the four regions of the model. Third, we introdue

a real estate setor in the eonomy that provides housing servies to households,

a stok of ollateral to borrowers and that is used as an input in prodution.

In eah region, a bank ollets deposits from domesti savers, raises apital

subjet to a regulatory requirement and lends both to domesti borrowing

households and entrepreneurs, subjet to a ollateral onstraint written on their

real estate holdings and, for entrepreneurs, also on their physial apital. In

addition, only banks loated in the two EA regions have aess to an interbank

market to exhange funds ross-ountry. Fourth, we enrih the model with a

set of �nanial shoks, suh as shoks to the loan-to-value (LTV) ratio, the

amount of resoures that banks desire to lend in the interbank market, and the

bank apital requirement. The shoks are simulated under perfet foresight,

so households and �rms perfetly antiipate their intertemporal path, but not

the value in the initial period (the �surprise�). We also report a sensitivity

analysis to further show the relevane of some key �nanial parameters for the

transmission of the shoks.

Our results aim at explaining the domesti and ross-ountry transmission

mehanism of various shoks in a monetary union model where �nanial fators

do matter. Even though the analysis does not aim to quantitatively explain

neither the EA business yle nor the reent �nanial risis, the results support

the views that (1) the business yles in the EA an be driven not only by

real shoks, but also by �nanial shoks, (2) the �nanial setor ould amplify

the transmission of (real) shoks, and (3) the �nanial/banking shoks and the

banking setors an be a soure of business yle asymmetries aross ountries

in a monetary union.

The EAGLE-FLI setup builds on several earlier ontributions.

4

The

distintion between borrowers, entrepreneurs and savers follows Iaoviello

(2005). As in that ontribution, we assume that entrepreneurs and a fration

of households (the �borrowers�) are more impatient than remaining households

(the �savers�), i.e. the former have a lower disount rate than the latter. Thus,

Commission's QUEST (Ratto, Roeger and in't Veld, 2009), and IMF's Global Integrated

Monetary Fisal Model (GIMF, Kumhof and Laxton, 2007).

4. In line with these ontributions, we assume a ashless eonomy, so there is no expliit

role for money. The monetary poliy rate, set aording to a Taylor rule, is linked to the

other interest rates, inluding the one holding in the interbank market, via no-arbitrage

onditions obtained from banks', households' and entrepreneurs' maximization problems.
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the orresponding borrowing onstraints are binding in the steady state and in

its neighborhood. The banking setor is akin to the one in Iaoviello (2015).

5

Regarding the apital requirement ratio, we follow Kollmann (2013) and

Kollmann, Ratto and Roeger (2013), and impose that in every period the bank

apital should not be less than a (possibly time-varying) fration of the bank

loans to domesti households and entrepreneurs in the same period.

Kollmann (2013) and Kollmann, Ratto and Roeger (2013) onsider the ase

of a global bank lending domestially and abroad. Di�erent from them, we

do not have a �global� bank that originates ross-border loans. Instead, we

have ountry-spei� banks that lend to and reeive deposits from domesti

agents and that, in the ase of EA blos, lend to eah other in the EA

interbank market. Allowing banks to lend and borrow at international level is

di�erent from allowing households to do the same, as they maximize di�erent

objetives subjet to di�erent onstraints, suh as the apital requirement.

EAGLE-FLI features �nanial spillovers that diretly a�et banks behavior,

and only indiretly (via banks) the foreign borrowers while in Kollmann (2013)

and Kollmann, Ratto and Roeger (2013) there is a diret spillover from bank

to foreign borrowers.

The �region-spei�� banking setor setup is also used in Brzoza-Brzezina,

Kolasa, and Makarski (2015), who develop a monetary union model of the

EA featuring two regional banking setors. Guerrieri, Iaoviello, and Minetti

(2012) onsider a two-region model alibrated to the EA featuring regional

banks and sovereign debt default. Di�erent from these ontributions, we

introdue a �region spei��banking setor in a large-sale open-eonomy New

Keynesian dynami general equilibriummodel. Thus, the model inludes several

ingredients needed for the quantitative assessment of ross-ountry �nanial

and banking spillovers in a monetary union.

6

The paper is organized as follows. Setion 2 shows the setup of the banking

and �nanial setors. Setion 3 reports the alibration. Setion 4 ontains the

results of simulating �nanial shoks and the sensitivity analysis. Setion 5

onludes.

2. The model

In this setion we report the novel features that haraterize the EAGLE-

FLI setup. The model features the world eonomy, whose size is normalized

5. We follow Iaoviello (2015) and assume that entrepreneurs borrow against real estate

and physial apital. This is di�erent from Iaoviello (2005), where both borrowers and

entrepreneurs use real estate as ollateral.

6. Gerali et al. (2010) estimate a model of the EA as a whole featuring a banking setor.

Lombardo and MAdam (2012) estimate a model of the EA as a whole with �nanial

fritions.
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to one. It onsists of four blos (eah blo represents a ountry or a region).

sH , sREA, sUS > 0 are respetively the sizes of Home, REA and US blos, and

sH + sREA + sUS < 1. For eah blo, the size of the eonomy orresponds

to the size of population (sum of households, bankers, entrepreneurs) and to

the size of eah �rms' setor (intermediate tradable, intermediate nontradable,

�nal nontradable setors). We assume that two blos, labelled Home (H) and

rest of the EA (REA), are members of a monetary union, the EA. Thus, they

share the monetary poliy authority and the nominal exhange rates against

the remaining two blos, assumed to represent the U.S. (US) and the rest of

the world (RW).

In what follows we fous on a desription of the H blo of the EA.

We desribe the banking setor, households' and entrepreneurs' behavior, the

monetary authority, market learing onditions, net foreign asset position and

international relative pries. Other blos are similar, so we do not report the

related equations to save on spae. The exeption is that the US and RW blos

di�er from those of the EA beause their banking setors do not lend/borrow

in a ross-border interbank market.

2.1. The banking setor

The Home eonomy is populated by a ontinuum of banks that at under

perfet ompetition and, hene, maximize pro�ts taking interest rates as

given and hoosing the optimal amount of assets and liabilities. The banks

are a fration 0 < ωB < 1 of the H blo population. They have the same

preferenes, onstraints and initial asset positions. Thus, they make the same

optimal hoies and it is possible to assume a representative bank (the �bank�).

The banking setor intermediates funds between agents that annot diretly

lend to and borrow from eah other (a ruial assumption for inluding the

banking setor in a meaningful way in the model). The bank �nanes loans to

domesti impatient households (the �borrowers�) and to domesti entrepreneurs

by olleting deposits of domesti patient households (the �savers�) and raising

apital. Moreover, the Home bank takes a position in the (ross-ountry) EA

interbank market.

Utility. The lifetime utility funtion of the representative bank is de�ned in

terms of real dividends

Et

∞
∑

k=0

(βB)
k 1

1− σ

(

DIV B
t+k

PC
t+k

)1−σ

, (1)

where Et is the expetation operator, 0 < βB < 1 is the disount fator,

1/σ > 0 is the intertemporal elastiity of substitution, DIV B
t represents

nominal dividends from banking intermediation ativity and PC
t is the domesti

private onsumption de�ator.
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The budget onstraint. Deposits, loans, and the position in the interbank

market are all de�ned as one-period euro-denominated nominal assets or

liabilities. The bank's nominal budget onstraint in period t is:

DIV B
t = −Lt +RL

t−1Lt−1 − LIB
t +RIB

t−1L
IB
t−1

+DSupply
t −RD

t−1D
Supply
t−1

−PC
t ΓL,t − PC

t ΓIB,t − PC
t ΓX,t, (2)

where Lt denotes the amount of loans granted to domesti entrepreneurs

and �borrowers�at the predetermined gross interest rate RL
t (it is paid at the

beginning of period t+ 1 and it is known in period t);7 LIB
t is the amount of

loans granted to the REA banking setor in EA interbank market at the gross

interest rate RIB
t ; DSupply

t denotes households deposits, that pay the gross

interest rate RD
t . The terms ΓL,t, ΓIB,t and ΓX,t are osts the bank faes when

adjusting the amount of loans granted, the position in the interbank market

and the exess bank apital, respetively. They are spei�ed in �real�terms,

i.e. in onsumption units (so they are multiplied by the onsumption de�ator

PC
t ). The �real�ost ΓL,t (in terms of onsumption units) is de�ned in terms of

hanges in loans to allow for a gradual response to a given shok:

ΓL,t ≡
γL
2

(

lt
lt−1

− 1

)2

,

where γL > 0 is a parameter, lt =
Lt

PC
t

(i.e. the amount of loans measured in

onsumption units). The remaining osts will be de�ned below.

The interbank market. The H bank an borrow from or lend to the REA

bank in the EA interbank market, subjet to the following �real� adjustment

ost

ΓIB,t ≡
γIB
2

(

lIBt −
κIBpY Y

ωB

)2

, (3)

where γIB > 0 is a parameter and lIBt ≡
LIB

t

PC
t

. The adjustment ost introdues

a wedge between the interest rate on interbank loans and the interest rate on

deposits. pY and Y represent the steady-state output de�ator (expressed in real

terms, i.e. divided by the onsumption de�ator) and real output, respetively.

The parameter

κIB ≡
ωB l̄

IB

pY Y
(4)

is the steady-state interbank aggregate loan-to-GDP ratio (where l̄IB is the

steady-state amount of interbank loans by the representative H bank, measured

in onsumption units).

7. The same assumption holds for other interest rates.
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The interbank market is formalized in a rather stylized way. The model

represents a ashless eonomy (see Woodford, 1998) so we abstrat from money

and, hene, from interbank liquidity as well. However, the introdution of this

market in the model allows us to evaluate ross-ountry spillovers diretly

assoiated with one regional bank's behavior towards the other regional bank.

This is relevant in the light of the reent EA eonomi history, haraterized

by relevant hanges in the amount of ross-ountry interbank lending. In

partiular, introduing the interbank market allows to get a bank-spei� shok

by exogenously shoking its position on this market via the parameter κIB. This

an be interpreted as a hange in the long-run �desired�amount of interbank

lending, that may be related to fators not formalized suh as hanges in

liquidity needs or attitude toward risk.

Capital requirement. As in Kollmann (2013), the bank faes a regulatory

apital requirement, i.e., its period t nominal apital

KB
t = Lt −DSupply

t + LIB
t (5)

should not be less than a (possibly time-varying) fration 0 < ΥK,t < 1 of its

loans to domesti households and entrepreneurs in the same period, Lt.
8

We

de�ne the nominal exess bank apital, at the end of period t, as

Xt ≡ (1−ΥK,t)Lt −DSupply
t + LIB

t . (6)

We assume it is ostly, in terms of onsumption units, for the bank to deviate

from the long-run (steady-state) value of exess bank apital, aording to the

following quadrati funtion:

9

ΓX,t ≡
γX
2

(xt − x)
2
, (7)

where γX > 0 is a parameter, xt ≡
Xt

PC
t

is exess bank apital expressed

in onsumption units and x is its steady-state value. This adjustment ost

introdues a wedge between the interest rate on domesti loans and the interest

rate on deposits.

First order onditions (FOC). The representative bank maximizes lifetime

utility (1) subjet to its budget onstraint (2) and the ost from deviating from

the apital requirement (7) (given exess bank apital de�nition 6) with respet

8. Bank apital requirements an limit moral hazard in the presene of informational

fritions and deposit insurane. We do not model this issue and take the apital requirement

as given. Moreover, for simpliity, we assume that interbank loans are not subjet to the

apital requirement.

9. In the steady-state equilibrium the apital requirement is satis�ed with equality. Thus

X = (1−ΥK)L−D
Supply + L

IB = K
B −ΥKL ≥ 0.
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to dividends, deposit supply, loans supply and interbank position. Variables are

expressed in �real�terms by dividing them by the onsumption prie de�ator PC
t

(thus divBt ≡ DIV B
t /PC

t ).

The implied FOC are:

� marginal utility of dividends ΛB,t

ΛB,t =
(

divBt
)−σ

; (8)

� deposit supply

ΛB,t = βBEt

[

ΛB,t+1R
D
t Π−1

C,t+1

]

− ΛB,tγX (xt − x̄) , (9)

where ΠC,t+1 ≡
PC
t+1

PC
t

;

� loans supply

ΛB,t = βBEt

[

ΛB,t+1R
L
t Π

−1

C,t+1

]

−γLΛB,t

(

lt
lt−1

− 1

)

1

lt−1

+ βBγLEt

[

ΛB,t+1

(

lt+1

lt
− 1

)

lt+1

l2t

]

−ΛB,tγX(1−ΥK) (xt − x̄) ; (10)

� interbank loans

ΛB,t = βBEt

[

ΛB,t+1R
IB
t Π−1

C,t+1

]

−ΛB,tγIB

(

lIBt −
κIBpY Y

ωB

)

−ΛB,tγX (xt − x̄) .

(11)

2.2. Households

The Home eonomy is populated by a ontinuum of two types of

households: patient (�savers�) and impatient (�borrowers�). I-type households

are patient while J-type are impatient households. The savers are a fration

(1− ωJ − ωE − ωB) of the H population, where ωJ and ωE (ωJ , ωE > 0,
ωJ + ωE + ωB < 1) are the shares of impatient households and entrepreneurs

in the H population, respetively. Within eah type, agents have the same

preferenes, onstraints and initial asset positions. Eah household o�ers a

di�erentiated labor servie to domesti �rms and ats as wage setter, under

monopolisti ompetition. Eah nominal wage is set aording to a Calvo-type

mehanism (Calvo, 1983). It is assumed there is perfet wage risk-sharing aross

households of the same type. Thus, it is possible to assume a representative

patient household and a representative impatient household (there is also a

representative entrepreneur, as reported in Setion 2.3). These two types of

households di�er in terms of their disount fators, whereby patient households'

disount fator is larger than that of impatient households (βI > βJ ). Thus, in
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equilibrium, impatient households are net borrowers while patient households

are net lenders vis-à-vis the domesti bank.

10

Both types of households onsume

and work. Savers have aess to multiple �nanial assets while onstrained

households an only borrow from the domesti banking setor.

2.2.1. Patient household (�Saver�).

Utility. The representative patient household, labelled �saver�, gets utility

from onsumption of the nondurable omposite good, CI,t (subjet to external

habit formation) and from housing servies HI,t and gets disutility from

working NI,t

Et

[

∞
∑

k=0

(βI)
k

(

1− κ

1− σ

(

CI,t+k − κCI,t+k−1

1− κ

)1−σ

+ ιI lnHI,t+k −
1

1 + ζ
N1+ζ

I,t+k

)]

,

(12)

where 0 < βI < 1 is the disount fator, 0 ≤ κ ≤ 1 measures the degree of

external habit formation in onsumption, σ > 0 denotes the inverse of the

intertemporal elastiity of substitution, ιI > 0 is a parameter for utility from

housing servies and ζ > 0 is the inverse of the elastiity of work e�ort with

respet to the real wage (Frish elastiity).

Budget onstraint. The patient household provides work to �rms in the two

intermediate goods prodution setors under monopolisti ompetition and sets

wages WI,t in a staggered way, à la Calvo (1983) with indexation.

11

She holds

positions in euro-denominated domesti sovereign bonds, in internationally

traded US dollar-denominated bonds and euro-denominated bonds (the last

assumption holds only for households in the two EA blos). She also deposits

in the domesti bank. The nominal budget onstraint is:

DDem
t −RD

t−1D
Dem
t−1 +BI,t −BI,t−1Rt−1 +BEA

I,t −BEA
I,t−1Rt−1

+SH,US
t BUS

t − SH,US
t BUS

t−1R
US
t−1

= (1− τN,t − τWh,t)WI,tNI,t + (1− τD,t)DIV F
t −QH

t (HI,t − (1− δH)HI,t−1)

− (1 + τC,t)P
C
t CI,t − PC

t ΓDH,t + TRt − Tt, (13)

where DDem
t is demand for bank deposits; BI,t is the position in the domesti

government bonds, traded only domestially between patient household and

the government and paying the EA (gross) monetary poliy rate Rt; BEA
I,t

is the position in the euro-denominated bond, traded between EA patient

households and paying the EA monetary poliy rate Rt; B
US
t is holdings of

bonds denominated in US dollars, paying the (gross) interest rate RUS
t , set by

10. For disount fator heterogeneity, see Iaoviello (2005).

11. For details see Gomes, Jaquinot and Pisani (2010, 2012).
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the US entral bank, and onverted in euro urreny by the Home nominal

exhange rate relative to the US, SH,US
t (euro per unit of US dollar).

12

For

inome, WI,tNI,t is labor inome (0 < τN,t, τWh,t < 1 represent tax rates on

labor and payrolls, respetively, both possibly time-varying); DIV F
is inome

from ownership of domesti �rms (other than banks) and 0 < τD,t < 1 the

related tax rate. For expenditures, QH
t is the prie of housing (0 < δH < 1 is

the depreiation rate of the housing stok, as housing is formalized as a durable

good), 0 < τC,t < 1 is tax rate on (nondurable) onsumption good, and ΓDH is

the ost of adjusting deposits, whih is de�ned as

ΓDH,t ≡
γDH

2

(

dDem
t − κD pY Y

1− ωJ − ωE − ωB

)2

, (14)

where dDem
t ≡

DDem
t

PC
t

and

κD
≡

(1− ωJ − ωE − ωB) d̄
Dem

pY Y
(15)

is the steady-state deposit-to-GDP, where (1− ωJ − ωE − ωB) d̄
Dem

are per

apita aggregate deposits and pY Y is per apita aggregate output, both

omputed in steady state and expressed in onsumption units. Finally, the

terms TRt and Tt represent (gross) lump-sum transfers and taxes respetively.

They are set, together with publi spending and tax rates, by the domesti

�sal authority.

FOC. The household maximizes her lifetime utility subjet to the budget

onstraint taking all pries but wages as given. All nominal variables in the

budget onstraint are expressed in �real� terms by dividing them by the

onsumption prie de�ator PC
t . Fousing on the new features of the model,

namely housing and bank deposits, we obtain the following FOC:

� marginal utility of onsumption ΛI,t

ΛI,t(1 + τC) =

(

CI,t − κCI,t−1

1− κ

)−σ

; (16)

� deposits demand

ΛI,t = βIEt

[

ΛI,t+1R
D
t Π−1

C,t+1

]

− ΛI,tγDH

(

dDem
t −

κDpY Y

1− ωJ − ωE − ωB

)

;

(17)

12. As standard in the literature, we add an adjustment ost to the interest rate paid by

the US bond so to make the bond position (and, hene, the model) stationary.
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� real estate demand (where qHt ≡ QH
t /PC

t )

ΛI,tq
H
t =

ιI
HI,t

+ βIEt

[

ΛI,t+1(1− δH)qHt+1

]

. (18)

The remaining FOC are standard. They are reported in Gomes, Jaquinot

and Pisani (2010, 2012).

2.2.2. Impatient household (�borrower�).

Utility. The representative impatient household represents a fration ωJ

of the H population. Her disount fator is smaller than those of the patient

household and the bank. This makes her, in equilibrium, borrower vis-à-vis the

domesti bank. The impatient household lifetime utility funtion is:

Et

[

∞
∑

k=0

(βJ )
k

(

1− κ

1− σ

(

CJ,t+k − κCJ,t+k−1

1− κ

)1−σ

+ ιJ lnHJ,t+k −
1

1 + ζ
N1+ζ

J,t+k

)]

,

(19)

where 0 < βJ < βI < 1 and onsumption is subjet to external habit.

Budget onstraint. The impatient household provides work to �rms in the

two intermediate goods prodution setors under monopolisti ompetition and

sets wages WJ,t in a staggered way, à la Calvo (1983) with indexation.

13

She

gets lump-sum transfers from the domesti government, TRJ/ωJ , where TRJ

are aggregate nominal transfers. The (nominal) budget onstraint is:

BJ,t −RL
t−1BJ,t−1 = (1− τN,t − τWH,t)WJ,tNJ,t (20)

− (1 + τC,t)P
C
t CJ,t −QH

t (HJ,t − (1− δH)HJ,t−1)− PC
t ΓBJ ,t +

TRJ

ωJ

,

where BJ,t < 0 is the amount of loans from domesti bank and RL
t is the interest

rate, and ΓBJ
is the �real� adjustment ost on hanging the borrowing position,

ΓBJ ,t ≡
γBJ

2

(

bJ,t
bJ,t−1

− 1

)2

, (21)

with γBJ
> 0 and bJ,t ≡

BJ,t

PC
t

.

Borrowing onstraint. To borrow funds, the household needs ollateral,

represented by the expeted value of her housing stok. Therefore, she faes

the following borrowing onstraint

−BJ,tR
L
t ≤ −ρBJ

ΠBJ,t−1R
L
t−1 + (1− ρBJ

)VJ,tEt

[

QH
t+1HJ,t

]

, (22)

13. For details see Gomes, Jaquinot and Pisani (2010, 2012).
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where 0 < ρBJ
< 1 is a parameter apturing inertia in hanging the borrowing

limit as in Iaoviello (2015), Π is the steady-state in�ation (needed to properly

alibrate the steady-state debt and, at the same time, satisfy the borrowing

onstraint) and 0 < VJ,t < 1 is the (possibly time-varying) LTV ratio. The

borrowing onstraint is onsistent with standard lending riteria used in the

mortgage market, whih limit the amount lent to a fration of the value of the

asset.

FOC. The impatient household maximizes utility with respet to onsumption

of nondurables, housing and loans subjet to the budget onstraint and the

borrowing onstraint and taking all pries, but wages, as given. The reason is

that the impatient household supplies labor under monopolisti ompetition.

Thus, she optimally sets her nominal wage taking labor demand by �rms into

aount. The borrowing onstraint holds with equality (see Iaoviello, 2005).

The household' onsumption is subjet to external habit formation. All nominal

variables in the budget onstraint and in the borrowing onstraint are expressed

in �real� terms by dividing them by the onsumption prie de�ator PC
t .

Fousing on the new features of the model, we obtain the following FOC:

� marginal utility of onsumption of nondurable goods ΛJ,t

ΛJ,t(1 + τC) =

(

CJ,t − κCJ,t−1

1− κ

)−σ

; (23)

� loans demand

ΛJ,t = βJEt

[

ΛJ,t+1R
L
t Π

−1

C,t+1

]

− γBJ
ΛJ,t

(

bJ,t
bJ,t−1

− 1

)

1

bJ,t−1

+ βJγBJ
Et

[

ΛJ,t+1

(

bJ,t+1

bJ,t
− 1

)

bJ,t+1

b2J,t

]

+ RL
t ΛJC,t − ρBJ

ΠβJEt

[

ΛJC,t+1R
L
t Π

−1

C,t+1

]

; (24)

� real estate demand

ΛJ,tq
H
t =

ιJ
HJ,t

+βJEt

[

ΛJ,t+1(1− δH)qHt+1

]

+(1− ρBJ
)ΛJC,tVJ,tEt

[

qHt+1ΠC,t+1

]

,

(25)

where ΛJC,t is the Lagrange multiplier of the borrowing onstraint. The

borrowing onstraint a�ets the optimal hoies of borrowing and housing

servies (equations 24 and 25, respetively). The multiplier equals the inrease

in lifetime utility that would stem from borrowing RL
t euros, onsuming or

investing the proeeds, and reduing onsumption by an appropriate amount

the following period.
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2.3. Entrepreneur

Utility. The representative entrepreneur represents a fration ωE of the H
population. She maximizes lifetime utility represented by

Et

∞
∑

k=0

(βE)
k

(

1− κ

1− σ

(

CE,t+k − κCE,t+k−1

1− κ

)1−σ
)

, (26)

where onsumption of nondurable goods is subjet to external habit.

Budget onstraint. The entrepreneur owns the physial apital stok and

part of the aggregate domesti stok of real estate. Both are rented in a

ompetitive market to �rms operating in the domesti intermediate setors.

Entrepreneurs an borrow funds from domesti banks. The investment in

physial apital is subjet to adjustment osts. The budget onstraint reads

as

BE,t −RL
t−1BE,t−1 = RH,tHE,t−1 + (1− τK,t)

(

RK,tut − Γu,tP
I
t

)

KE,t−1 + τK,tδKP I
t KE,t

− QH
t (HE,t − (1− δH)HE,t−1)− (1 + τC,t)P

C
t CE,t − P I

t IE,t

− PC
t ΓBE ,t, (27)

where BE,t < 0 is the amount of loans from domesti bank, RH,t and RK,t

are the rental rates of real estate HE,t and physial apital KE,t to �rms

in the intermediate setor, respetively. The variable ut stands for apital

utilization and Γu,t stands for the orresponding adjustment ost. The variable

0 < τK,t < 1 is the tax rate on physial apital, set by the domesti �sal

authority. The parameters 0 < δK , δH < 1 are the depreiation rates of apital

and real estate, respetively. The variable IE,t is the investment in physial

apital, whose prie is P I
t . The term ΓBE

represents the �real� adjustment ost

on hanging the borrowing position, de�ned as

ΓBE
, t ≡

γBE

2

(

bE,t

bE,t−1

− 1

)2

, (28)

with γBE
> 0 and bE,t ≡

BE,t

PC
t

.

Investment is subjet to adjustment osts, namely

KE,t = (1− δK)KE,t−1 + (1− ΓI,t) IE,t, (29)

where ΓI,t is the adjustment ost formulated in terms of hanges in investment:

ΓI,t ≡
γI
2

(

IE,t

IE,t−1

− 1

)2

, (30)

with γI > 0.
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Borrowing onstraint. The entrepreneur borrows funds BE,t from the

domesti banking setor using the owned real estate and physial apital as

ollateral:

−RL
t BE,t ≤ (31)

−ρBE
ΠBE,t−1R

L
t−1 + (1− ρBE

)VHE,tEt

[

QH
t+1HE,t

]

+ (1− ρBE
)VKE,tEt

[

QK
t+1KE,t

]

,

where 0 < ρBE
< 1 is a parameter that aptures inertia in hanging the

borrowing position and 0 < VHE ,t, VKE ,t < 1 are the (possibly time-varying)

entrepreneur's LTV ratios assoiated with real estate and physial apital,

respetively. Finally, QK
is the Tobin's Q, i.e. the prie of apital, whih is

di�erent from one beause of the adjustment osts on investment hange.

FOC. The entrepreneur maximizes her utility with respet to onsumption

of nondurables goods, investment in physial apital, physial apital, and

housing, subjet to the budget onstraint and the borrowing onstraint, and

taking pries as given. All nominal variables in the budget onstraint and in

the borrowing onstraint are expressed in �real� terms by dividing them by the

onsumption prie de�ator PC
t . In partiular, pIt ≡ P I

t /P
C
t , rH,t ≡ RH,t/P

C
t ,

rK,t ≡ RK,t/P
C
t , qKt ≡ QK

t /PC
t . The FOC related to EAGLE-FLI novel

features are:

� onsumption of nondurable goods

ΛE,t(1 + τC,t) =

(

CE,t − κCE,t−1

1− κ

)−σ

; (32)

� investment in physial apital

pIt = qKt
(

1− ΓI,t − Γ′
I,tIE,t

)

+βEEt

[

ΛE,t+1

ΛE,t

qKt+1Γ
′
I,t+1

I2E,t+1

IE,t

]

; (33)

� physial apital demand

ΛE,tq
K
t = βEEt

[

ΛE,t+1 (1− τK,t)
(

rK,t+1ut+1 − Γu,t+1p
I
t+1

)]

+ τK,tδKpIt (34)

+ βEEt

[

ΛE,t+1q
K
t+1(1− δH)

]

+ (1− ρBE
)ΛEC,tVKE,tEt

[

qKt+1ΠC,t+1

]

;

� real estate demand

ΛE,tq
H
t = βEEt

[

ΛE,t+1rH,t+1 +ΛE,t+1(1− δH)qHt+1

]

+ (1− ρBE
) ΛEC,tVHE ,tEt

[

qHt+1ΠC,t+1

]

; (35)
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� loans demand

ΛE,t = βEEt

[

ΛE,t+1R
L
t Π

−1

C,t+1

]

− γBE
ΛE,t

(

bE,t

bE,t−1

− 1

)

1

bE,t−1

+ βEγBE
Et

[

ΛE,t+1

(

bE,t+1

bE,t
− 1

)

bE,t+1

b2E,t

]

+ ΛEC,tR
L
t + βEρBE

ΠEt

[

ΛEC,t+1R
L
t Π

−1

C,t+1

]

, (36)

where ΛE,t is the Lagrange multiplier of the entrepreneurs' budget onstraint

and ΛEC,t is the Lagrange multiplier of the entrepreneurs' borrowing onstraint.

Like for impatient households, the equations for onsumption and housing

hoie hold with the addition of the multiplier assoiated with the borrowing

restrition. The borrowing onstraint introdues a wedge between the prie of

the real estate and its rental rate. It an be onsidered as a tax on the demand

for redit and for real estate.

2.4. Firms

There are two types of �rms. One type produes intermediate goods, either

internationally tradable or nontradable. The other type produes nontradable

�nal goods for onsumption and investment purposes, using all intermediate

goods as inputs.

2.4.1. Final good �rms. Firms produing �nal nontradable goods are

symmetri, at under perfet ompetition and use nontradable as well as

domesti and imported tradable intermediate goods as inputs. The size of the

setor is sH . The intermediate goods are assembled aording to a onstant

elastiity of substitution (CES) tehnology. Final goods an be used both for

private onsumption and investment. The setup of the �nal good �rms mimis

the one in the version of the EAGLE model without �nanial fritions and a

banking setor (see Gomes, Jaquinot and Pisani 2010, 2012).

2.4.2. Intermediate good �rms. There are �rms produing tradable and

nontradable intermediate goods (brands) under a monopolisti ompetition

regime. Eah tradable brand is produed by a �rm h belonging to the ontinuum
of mass sH (h ∈

[

0, sH
)

). Similarly, eah nontradable brand is produed by a

�rm n, de�ned over the ontinuum of mass sN (n ∈
[

0, sH
)

). Sine the EAGLE-

FLI model introdues a new input in prodution ompared to the original

EAGLE model, we will desribe the intermediate goods setor setup in more

detail.

Prodution tehnology. Eah nontradable and tradable intermediate good,

respetively n and h, is produed using a Cobb-Douglas tehnology with

three inputs: physial apital rented from domesti entrepreneurs (KD
t (n)
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and KD
t (h)); domesti labor (ND

t (n) and ND
t (h), eah being an aggregate

of both patient and impatient households labor servies); real estate (HD
t (n)

and HD
t (h)) rented from domesti entrepreneurs

Y S,N
t = zN,t

(

KD
t

)αKN
(

HD
t

)αHN
(

ND
t

)1−αKN−αHN
, (37)

Y S,T
t = zT,t

(

KD
t

)αKT
(

HD
t

)αHT
(

ND
t

)1−αKT−αHT
, (38)

where αKN , αKT , αHN , αHT > 0, αKT + αHT < 1, and αKN + αHN < 1. zN,t

and zT,t are setor-spei� produtivity shoks (they are idential aross �rms

within eah setor).

14

Taking input pries as given, �rms in eah setor minimize total prodution

osts subjet to the respetive prodution funtion (equations 37 and 38). This

yields standard demand funtions for eah type of input (see the Tehnial

Appendix). Finally, the labor bundle of the generi �rm n in the nontradables

setor is de�ned as

ND
t (n) =

[

(

1− ωJ − ωE − ωB

1− ωE − ωB

)
1
η

ND
I,t (n)

η−1

η +

(

ωJ

1− ωE − ωB

)
1
η

ND
J,t (n)

η−1

η

]

η
η−1

,

(39)

where η > 0 is the elastiity of substitution between the two household-spei�

labor bundles,ND
I,t (n) andND

J,t (n). This yields the following demand funtions:

ND
I,t (n) =

1− ωJ − ωE − ωB

1− ωE − ωB

(

WI,t

Wt

)−η

ND
t (n) , (40)

ND
J,t (n) =

ωJ

1− ωE − ωB

(

WJ,t

Wt

)−η

ND
t (n) , (41)

where Wt is

Wt =

[(

1− ωJ − ωE − ωB

1− ωE − ωB

)

W 1−η
I,t +

(

ωJ

1− ωE − ωB

)

W 1−η
J,t

]
1

1−η

. (42)

Similar bundles and demand funtions hold for �rms in the tradables setor.

Prie setting. Eah �rm sells its di�erentiated output under monopolisti

ompetition. The �rm produing the tradable intermediate good harges

di�erent pries in loal urreny at home and in eah foreign region. There

is sluggish prie adjustment due to staggered prie ontrats à la Calvo (1983).

Firm h in the intermediate tradables setor disriminates aross ountries, by

invoiing and setting the prie of its brand in the urreny of the generi

destination market. Hene, the loal urreny priing assumption holds. For

details on the prie setting equations see Gomes, Jaquinot and Pisani (2010,

2012).

14. In the ase of the EA there is also a tehnology shok zt, whih is ommon to both

setors and regions.
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2.5. Monetary authority

In the ase of the EA, there exists a single monetary authority that targets a

weighted (by regional size) average of regional (Home, H, and REA) annual

onsumer prie in�ation and real quarterly output growth:

(

REA
t

)4
= ϕEA

R

(

REA
t−1

)4
+
(

1− ϕEA
R

)

[

(

R
EA
)4

+ ϕEA
Π

(

ΠEA,4
C,t −Π

EA,4
)

]

+ϕEA
gY

(

Y EA
gr,t − 1

)

+ εEA
R,t , (43)

where Π
EA,4

is the long-run (yearly) in�ation target and the yearly in�ation

rate ΠEA,4
C,t is de�ned as

ΠEA,4
C,t ≡

(

ΠH,4
C,t

)
sH

sH+sREA
(

ΠREA,4
C,t

)
sREA

sH+sREA

, (44)

with

ΠH,4
C,t ≡

PH
C,t

PH
C,t−4

, ΠREA,4
C,t ≡

PREA
C,t

PREA
C,t−4

, (45)

and the EA output growth rate Y EA
gr,t is de�ned as

Y EA
gr,t ≡

Y EA
t

Y EA
t−1

≡
sHY H

t + sREAY REA
t

sHY H
t−1 + sREAY REA

t−1

, (46)

where Y H
t and Y REA

t represent per apita total �nal real output in the H and

REA regions, respetively. They are weighted by the orresponding regional

sizes in the world eonomy.

2.6. Market learing onditions

In this setion, we report learing onditions for the housing, loans, deposits,

EA ross-ountry interbank markets.

� Housing market.

Households and entrepreneurs demand real estate, whih is assumed to

be nontradable aross ountries and in �xed (per apita) aggregate supply

H̄
(1− ωJ − ωE − ωB)HI,t + ωJHJ,t + ωEHE,t = H̄. (47)

Entrepreneurs rent housing to �rms produing intermediate tradable and

nontradable goods:

HT
t +HNT

t = ωEHE,t, (48)

where

HT
t =

1

sH

∫ sH

0

HD
t (h)dh, HN

t =
1

sH

∫ sH

0

HD
t (n)dn. (49)
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� Loans market.

Bankers supply loans to domesti entrepreneurs and impatient

households:

ωBLt + ωJBJ,t + ωEBE,t = 0. (50)

� Deposits market.

Patient households demand bank deposits to domesti banks:

ωBD
Supply
t = (1− ωJ − ωE − ωB)D

Dem
t . (51)

� EA ross-ountry interbank market.

The two EA regional banks lend eah other resoures through the EA

interbank market. The market learing is:

sHωH
BLIB,H

t + sREAωREA
B LIB,REA

t = 0, (52)

where LIB,H
t and LIB,REA

t are the positions of Home and REA regions,

respetively.

2.7. Net foreign asset position and international relative pries

Home holdings of foreign bonds per apita (that is, the Home eonomy's net

foreign asset position in per apita terms), denominated in US dollars, evolve

aording to

(1− ωJ − ωE − ωB)BUS,t + ωB
LIB
t

SH,US
t

+ (1− ωJ − ωE − ωB)
BEA

I,t

SH,US
t

=

(1− ωJ − ωE − ωB)BUS,t−1R
US
t−1 + ωB

LIB
t−1R

IB
t−1

SH,US
t

+(1− ωJ − ωE − ωB)
BEA

I,t−1
Rt−1

SH,US
t

+
TBH

t

SH,US
t

, (53)

where TBH
t stands for Home trade balane per apita, de�ned as

TBH
t ≡

∑

CO 6=H

sCO

sH
SH,CO
t PH,CO

X,t IMCO,H
t −

∑

CO 6=H

PH,CO
IM,t IMH,CO

t , (54)

where SH,CO
t is the bilateral nominal exhange rate of the Home ountry

relative to ountry CO (euro per unit of ountry CO urreny), IMCO,H
t is

Home exports (PH,CO
X,t is the orresponding prie index in foreign urreny),

IMH,CO
t is Home imports (PH,CO

IM,t is the orresponding prie index in euro

terms).

The market learing onditions, jointly with the budget onstraints of the

households, entrepreneurs, banking setor and the �sal authority, imply the
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following resoure onstraint in per apita terms

PY,tYt = PC,tCt + PI,t (It +Γu,tKt) + PG,tGt +
∑

CO 6=H

sCO

sH
SH,CO
t PH,CO

X,t IMCO,H
t

−
∑

CO 6=H

PH,CO
IM,t

(

IMH,CO
C,t

1− ΓH,CO

IMC

ΓH,CO†

IMC

)

−
∑

CO 6=H

PH,CO
IM,t

(

IMH,CO
I,t

1− ΓH,CO

IMI

ΓH,CO†

IMI

)

, (55)

where Gt is publi onsumption and PG,t the orresponding prie de�ator, and

onsumption in per apita terms, Ct, is

Ct ≡ ωBCB,t + (1− ωJ − ωE − ωB)CI,t + ωJCJ,t + ωECE,t, (56)

CB,t ≡
DIV B

t

PC
t

, (57)

and

It ≡ ωEIE,t, (58)

Kt ≡ ωEKE,t, (59)

and ΓH,CO

IMC is a (standard) adjustment osts on imports and ΓH,CO†

IMC is de�ned

as

15

ΓH,CO†

IMC ≡ 1− ΓH,CO

IMC

(

IMC,CO
t

QC
t

)

−

(

ΓH,CO

IMC

(

IMC,CO
t

QC
t

))′

IMC
t .

The Home bilateral terms of trade relative to the generi ountry CO are

de�ned as the Home prie of imports relative to the prie of Home exports,

both expressed in Home urreny:

TOTH,CO
t ≡

PH,CO
IM,t

SH,CO
t PH,CO

X,t

. (60)

The Home bilateral real exhange rate relative to the generi ountry CO is

de�ned as the CPI of ountry CO relative to the CPI of ountry H, both

expressed in Home urreny:

RERH,CO
t ≡

SH,CO
t PCO

C,t

PH
C,t

. (61)

15. See Gomes, Jaquinot and Pisani (2010) for more details.
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3. Calibration

We alibrate at the quarterly frequeny the model blos to Germany (Home

ountry, as in the standard EAGLE), REA, US and RW. We set a subset of

model parameters to math the (usual) �great� ratios and the banking variables

(as a ratio to GDP). The remaining parameters are alibrated in line with the

literature, in partiular with the alibration of models suh as EAGLE, GEM

and NAWM.

Table 1 reports banks' balane sheet, as a ratio to annualized GDP. The data

is taken from Eurostat Annual Setor Aounts and the Federal Reserve Board

Finanial Aounts (and refer to nominal outstanding amounts at the end of

the year divided by annual nominal GDP). Given the lak of available data

on ollateralized loans for other purposes but housing, we hoose to math the

average share (over the 1999-2013 period) of total loans to households, namely

to 64% for Germany; 61% for the REA; 90% for the US; 76% for the RW.

We assume that the steady-state (EA) interbank position is zero. Given the

mathed values for loans to households, the assumed interbank position, the

assumed zero exess bank apital in the steady state, the alibration of the

apital requirement and the entrepreneurs' LTV ratios (see below), we allow

deposits to endogenously adjust onsistently with the bank's balane sheet.

This alibration strategy emphasizes the role of bank's loans and thus indues

a broad interpretation of bank deposits (given the absene of other �naning

soures suh as bank bonds in the model).

Table 2 reports the mathed great ratios. National aounts data for the EA

regions and the US are taken from Eurostat. We set region sizes to math the

share of world GDP (IMF data). The soures of EA and of US net foreign asset

position data are Eurostat and Bureau of Eonomi Analysis, respetively.

16

Table 3 reports the parameters related to �nanial fritions and banking

setor. The impatient households' LTV ratio is set to 0.7 in both EA regions,

in line with the alibration of the EA households LTV ratio in Lombardo and

MAdam (2012) and the alibration of Calza, Monaelli and Straa (2013) for

Germany. The entrepreneurs' LTV ratio assoiated with housing as ollateral

is also set to 0.7, while the LTV ratio assoiated with apital is set to 0.30, in

line with the literature. Both adjustment osts on exess bank apital and on

the EA interbank position are set to 0.001 in all blos. The adjustment ost

on deposits is set to 0.0001. We set adjustment osts to a rather low value

to limit their role for the dynamis of the model, while, at the same time,

preserving the model stationarity. As for the adjustment osts on hanges

in loans, we set the orresponding parameters both for the banks and the

borrowers (impatient households and entrepreneurs) to 1.5. Finally, the apital

16. Given the import shares, net foreign asset position and international interest rate, the

steady-state trade balane and real exhange rate level endogenously adjust. The RW is

obtained as a residual.
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requirement parameter is set to 8% in the EA and the US, onsistent with the

BASEL III minimum requirement for total apital.

Table 4 reports population shares, preferene and tehnology parameters.

The share of patient households in eah region is set to 30%, the share of

impatient households to 0.50 while the share of entrepreneurs is set to 0.10 (as

reported in Table 3, the share of bankers is set to 10%).

Preferenes are assumed to be the same aross household types and regions.

We set the disount fator of patient households to 0.9926 (implying a steady-

state annualized real interest rate of about 3%). The disount fator of

impatient households, entrepreneurs and bankers (the latter is reported in

Table 3) are set to 0.96, 0.99 and 0.9926, respetively.

17

The habit persistene

parameter, the intertemporal elastiity of substitution and the Frish elastiity

are respetively set to 0.70, 1 and 0.50. We set quarterly depreiation rate

of apital to be onsistent with a 10% annual depreiation rate. The annual

depreiation rate for the housing stok is set at a lower value than that for

apital, to 4%.

On the prodution side, in the Cobb-Douglas prodution funtions of

tradable and nontradable intermediate goods the bias towards apital is set

to around 0.30 and the bias towards housing to 0.01 in both tradable and

nontradable setors. As for the �nal goods baskets, the degree of substitutability

between domesti and imported tradables is higher than that between tradables

and nontradables, onsistent with existing literature (elastiities equal to

2.5 and 0.5, respetively).

18

The biases towards the tradable bundle in the

onsumption and investment baskets are equal respetively to 0.45 and 0.75 in

eah region of the EA and respetively to 0.35 and 0.75 in the US and RW.

The weight of domesti tradable goods in the onsumption and investment

tradable baskets is di�erent aross ountries, to be oherent with multilateral

import-to-GDP ratios.

Markups in the EA nontradables setor (a proxy for the servies setor)

and labor market are higher than the orresponding values in the US and RW

(see Table 5). In all regions the markup in the tradables setor (a proxy for the

manufaturing setor) has the same value and the markup in the nontradables

setor is higher than that in the labor market.

19

17. Following Iaoviello (2015) a neessary ondition for entrepreneurs to be onstrained

is that their disount fator is lower than the inverse of the return on loans. When this

ondition is satis�ed entrepreneurs will be onstrained in a neighborhood of the steady

state. Similarly, banks are �redit-onstrained� by their apital requirement (whih holds

as strit equality in a neighborhood of the steady state) as long as their disount fator is

lower than the returns on deposits.

18. Note that the short-run elastiity for imported goods is lower beause of adjustment

osts on imports. Numbers are onsistent with Bayoumi, Laxton, and Pesenti (2004).

19. The hosen values are onsistent with estimates from Martins, Sarpetta and Pilat

(1996), suggesting that the degree of ompetition in the nontradables setor is lower than

in the tradables setor. Also, these values are in line with other similar studies, suh as
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Table 6 reports nominal and real rigidities. We set Calvo prie parameters

in the domesti tradables and nontradables setor to 0.92 (12.5 quarters) in

the EA, onsistently with estimates by Christo�el, Coenen, and Warne (2008)

and Smets and Wouters (2003). Corresponding nominal rigidities outside the

EA are equal to 0.75, implying an average frequeny of adjustment equal to 4

quarters, in line with Faruqee, Laxton, and Muir (2007). Calvo wage parameters

and prie parameters in the export setor are equal to 0.75 in all the regions.

The indexation parameters on pries and wages are equal respetively to 0.50

and 0.75, so to get su�iently hump-shaped response of wages and prie. For

real rigidities, we set adjustment osts on investment hanges to 6 in the EA

and to 4 in the ase of the US and RW; and adjustment osts on onsumption

and investment imports to 2 and 1, respetively.

We set weights of bilateral imports on the bundles to math the trade matrix

reported in Table 7.

20

Table 8 reports parameters in the monetary poliy rules and �sal rules.

The interest rate reats to its lagged value (inertial omponent of the monetary

poliy), annual in�ation and quarterly output growth. In the monetary union,

monetary poliy reats to EA-wide variables. For �sal rules, lump-sum taxes

stabilize publi debt. Steady-state ratios of government debt over output are

equal to 2.40 in all the regions (0.6 in annual terms). Tax rates are set to be

onsistent with empirial evidene (see Coenen, MAdam, and Straub 2008).

4. Simulations

In what follows we report the e�ets of several shoks to show the main

transmission hannels operating in EAGLE-FLI. Spei�ally, we report a

redution in the EA monetary poliy rate, an inrease in the Home LTV ratio,

an inrease in the long-run amount of interbank lending by the Home bank, a

simultaneous inrease in the apital requirement ratio in both Home and REA

regions. The model is simulated under perfet foresight using DYNARE.

21

4.1. Redution in the EA monetary poliy rate

Figures 1a-1d show the impliations of a monetary poliy shok in the EA.

The shok is suh that there is an initial deline in the (annualized) short-term

nominal interest rate of 25 basis points.

Bayoumi, Laxton, and Pesenti (2004), Faruqee, Laxton, and Muir (2007) and Everaert and

Shule (2008).

20. The trade matrix is alibrated using Eurostat and IMF trade statistis.

21. We report in the Tehnial Appendix new equations as they appear in the ode, i.e.

in real terms. Other equations are the same as in Gomes, Jaquinot and Pisani (2010), see

the Appendix therein for details.
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Figure 1a reports the response of the banking setor variables. Bank hoies

are ditated by the no-arbitrage onditions impliitly given by their FOC with

respet to the di�erent �nanial assets and liabilities. The derease in the

monetary poliy rate is transmitted to interest rates on bank loans and bank

deposits, that also derease. Lending to domesti (impatient) households and

entrepreneurs inreases, �naned by the inrease in deposits (patient households

smooth onsumption, and thus inrease their savings). Also, bank apital

slightly falls. The Home bank dereases its lending to REA bank through the

interbank market to a rather small extent.

Figure 1b reports the responses of borrowing and housing variables. In both

regions, the impatient household and the entrepreneur inrease their borrowing

and their demand for housing, whih they use as ollateral. Higher demand

by the impatient household and the entrepreneur indues the inrease in the

housing prie, whih reinfores the impat of the shok by allowing higher

borrowing against the housing stok. Firms operating in both the tradables

and nontradables setors inrease their demand for rented housing as well, to

inrease prodution.

Figure 1 shows that the impat of the shok on main maroeonomi

variables (GDP, GDP omponents and CPI in�ation) is, as expeted,

expansionary. The onsumption inrease is in line with that of GDP while

investment inreases by more. The higher EA aggregate demand leads to an

inrease in imports. Exports also inrease, favored by the depreiation of the

real exhange rate.

22

The REA GDP inreases slightly more than Home GDP

does, as REA has a larger home bias than Home, i.e. a larger share of REA

aggregate demand is satis�ed by domesti prodution. Consistent with the

lower home bias, Home imports inrease more than REA imports, while Home

exports inrease more beause of the larger inrease in REA aggregate demand.

As reported in Figure 1d, onsumption and labor by both types of

households inrease. Consumption of impatient households rises by a rather

larger extent sine the inrease in house pries loosens the ollateral onstraint

(despite the smaller unexpeted rise in in�ation). Real wages of impatient and

patient households also inrease, driven by the higher labor demand by domesti

�rms.

Spillovers to the US and the RW are rather small. To save on spae, we do

not report them.

Overall, the banking setor transmits the monetary poliy stimulus to the

real side of the eonomy, favoring an inrease in EA eonomi ativity. The

impat of the ommon monetary poliy shok is rather similar aross the two

EA regions.

22. In all �gures, an inrease in the real exhange rate represents a depreiation.
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4.2. Inrease in REA LTV ratio

Figures 2a-2d show the e�ets of a hange in lending standards applied by banks

to their ustomers. This is simulated as an exogenous rise in the REA LTV ratio

of impatient households and entrepreneurs (VJ and VHE
in equations 22 and

32, respetively). In the initial period, the LTV ratios in the REA inrease by 1

perentage point and subsequently gradually return to their steady-state values

(the persistene of the shok proess is set to 0.90).

Figure 2a shows the impat on bank related variables of the inrease in

the REA LTV ratio. Although this an be thought as a hange in the poliy

that banks follow to extend their loans, it is akin to a shift in the demand

shedule for loans, as it is enoded in the ollateral onstraint. The hange

allows REA impatient households and entrepreneurs to demand more loans

at any given level of interest rates, sine the LTV ratio has inreased. The

higher demand results in more loans being extended domestially at a higher

interest rate. To �nane the higher amount of loans, REA banks inrease their

demand for deposits and interbank borrowing (Home lending in the interbank

market inreases), bidding up the respetive interest rates, while at the same

time they start to inrease their apital holdings, although gradually as it is

relatively ostly to deviate from the long-run value for bank apital.

As reported in Figure 2b, both impatient households and entrepreneurs

inrease the demand for real estate, driving up pries. The inrease in the

ollateral value allows them to further inrease their borrowing.

Figure 2 reports the e�ets on the main maroeonomi variables. REA

GDP inreases, driven by the inrease in the domesti demand omponents.

REA exports inrease, as they bene�t from the real exhange rate depreiation.

REA imports inrease as well, following the surge in Home aggregate demand.

Figure 2d shows that the inrease in borrowing apaity stimulates, �rst

and foremost, onsumption of borrowers (both households and entrepreneurs).

As the demand omponents rise, �rms start to inrease labour demand, pushing

up real wages.

Spillovers to the Home blo are small. Home banks inrease their lending to

REA banks through the ross-ountry interbank market. The additional lending

is �naned by raising domesti deposits, while lending to domesti �rms and

households and the bank apital do not greatly hange. The Home GDP and

CPI in�ation essentially stay at their baseline levels. Given the small impat

of the REA LTV shok on the Home eonomy, the union-wide GDP inreases

very modestly and in�ation hardly hanges. This implies that the EA monetary

poliy rate inreases only slightly (as reported in Figure 2a).

4.3. Inrease in Home banks lending in the interbank market

Figures 3a-3d show the impliations of a very persistent inrease in the amount

of liquidity supplied by the Home banks in the (ross-ountry) interbank
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market. In this senario, resoures for onsumption and investment available

in one blo of the EA (Home) are hanneled to the other blo (REA), via the

interbank market. This is implemented by assuming that the long-run target of

Home banks interbank lending, equal to zero in the steady state, inreases on

impat to 20 perentage points of steady-state GDP (see equation 4). The shok

is temporary but very persistent, with an AR(1) oe�ient equal to 0.995.

Figure 3a reports that the e�ets on bank variables. The interest rate in

the interbank market is not greatly a�eted, as the inreased supply of funds is

immediately mathed by inreased demand. To �nane the additional interbank

loans, Home banks shift resoures away from loans to domesti households

and �rms and, at the same time, inrease demand for domesti deposits and,

gradually, apital. In the other blo, REA banks have now aess to more

resoures and an inrease their supply of domesti loans, induing a fall in

the interest rate on loans. They also orrespondingly derease their reourse to

other soures of �naning, suh as deposits and bank apital.

Figure 3b shows the e�ets on borrowing and real estate of this resoures

realloation aross ountries. Given the higher amount of loans to households

and entrepreneurs, demand for real estate inreases in the REA, induing a

surge in the REA real estate pries, whih allows for more borrowing against

the same housing stok, and thus ampli�es the expansionary impat of the

shok. The opposite happens in the Home ountry.

Similar ross-ountry asymmetri dynamis haraterize the Home and

REA maroeonomi aggregates (see Figures 3-3d). The inrease in REA loans

favors REA aggregate demand, implying an inrease in REA labor and driving

up in�ation in the REA region. To the opposite, the same variables derease

in the Home blo.

4.4. Inrease in the bank apital requirement

Figures 4a-4d report the responses to an unexpeted permanent inrease in

the apital requirement implemented simultaneously in the two EA regions.

The apital requirement ΥK (see equation 6) is exogenously inreased by 1

perentage point.

Figure 4a reports the responses of the main variables related to the banking

setor. They are broadly similar aross the two regions. Spei�ally, after the

shok banks are under-apitalized with respet to the new level of regulatory

requirement. Given the presene of adjustment ost on apital, banks inrease

the latter in a gradual manner to limit the tightening of loan supply. Loans to

households and entrepreneurs are ut in a rather moderate way, ushioning

almost all the shok on impat, while the orresponding interest rates are

slightly bid up. As loans ontrat, there is a shrinkage in banks balane

sheet that is mathed on the funding side by a orresponding derease in

deposits demand by banks. The orresponding interest rate delines, albeit
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only modestly. Given the limited impat of the shok on eonomi ativity and

in�ation, monetary poliy is broadly unhanged.

We observe a modest �ow of funds in the interbank market towards the

Home ountry, whih beome a net borrower, and a sharp inrease in the

interest rate. The additional loans from the interbank market allow the Home

bank to limit the shrinkage of its balane sheet.

Figure 4b shows the impliation of the shok for the real estate. The

fall in loans implies a redution in real estate pries and an inrease in

patient households real estate holdings. As reported in Figure 4, aggregate

onsumption and investment and, thus, GDP derease; CPI in�ation slightly

falls as well.

Finally, Figure 4d shows that the lower aggregate demand implies a

redution in the demand for labour by �rms, a fall in employment and real

wages and a ut in labor inome (whih further depresses onsumption).

Overall, the shok has rather mild reessionary (and similar) e�ets aross

ountries. One important aveat applies to our results. As simulations are run

under perfet foresight, we are not able to apture possible expansionary e�ets

assoiated with the redution in systemi risk, explained by the inrease in

bank apital. The expansionary e�ets an, at least partially, ompensate the

reessionary e�et of lower loans. From this perspetive, our results should be

seen as an upper bound of the negative (and relatively small) e�ets of the

inrease in apital requirement on eonomi ativity.

4.5. Sensitivity analysis

We show results obtained under alternative values of the households' and

entrepreneurs' LTV ratios and the adjustment osts on the exess bank

apital.

23

Spei�ally, to further emphasize the role of �nanial fritions and the

banking setor for the transmission mehanism of the shoks, we initially

simulate an expansionary monetary poliy shok (-25 annualized b.p.) when in

both Home and REA regions the LTV ratios of households and entrepreneurs,

VJ and VHE
are set to 0.5 instead of 0.7 as in the benhmark alibration.

Seond, the inrease in the apital requirement is simulated under a larger

value of the bank apital adjustment ost in both Home and REA regions, set

to 0.002 instead of 0.001.

Figure 5 reports the results for the monetary poliy shok with a lower LTV

ratio. Results do not qualitatively hange but they do hange quantitatively.

GDP inreases to a lower extent in orrespondene of the smaller LTV ratio.

Given the relatively low LTV ratio, households and �rms an borrow to a lower

23. For similar exerises, see Patarahia et al. (2013) and Kollmann, Enders and Muller

(2011).
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extent for a given inrease in the real estate prie. Thus, households and �rms

inrease their aggregate demand for onsumption and investment in a more

ontained way. The expansionary e�ets of the monetary poliy easing are less

ampli�ed.

Figure 6 reports the results for the inrease in the apital requirement with

a larger bank apital adjustment ost. Similarly to the previous ase, results do

not hange qualitatively but they do hange quantitatively. Larger adjustment

osts on bank apital an be thought as a proxy for inreased di�ulties faed

by banks in raising their apital. They imply that banks have to ut relatively

more their loans to ahieve the new apital target. Thus, borrowers redue

relatively more their aggregate demand. The GDP dereases to a larger extent

than in the benhmark ase.

Overall, the two simulations, that aim to be illustrative and do not pretend

to repliate empirial evidene, suggest the �nanial fritions and banking

setor an be both soures and ampli�ation links of �nanial and non�nanial

shoks in a rather nontrivial way. Thus, the sensitivity analysis further supports

the relevane of the two features for a proper assessment of poliy measures

aiming at stabilizing the eonomy or at permanently hanging its strutural

aspets.

5. Conlusions

The reent �nanial risis and the ensuing prolonged reessionary phase have

put new emphasis on �nanial shoks and the role of banking and �nanial

features, namely for the transmission of monetary poliy. This paper has

outlined the EAGLE-FLI model, aimed at analyzing these issues in a monetary

union setting.

We have built EAGLE-FLI by inluding the following features in the original

EAGLE model: a mirofounded banking setor in eah of the four regions of

the model; multiple agents in eah ountries; an enrihed �nanial struture,

allowing not only for riskless bonds, but also for banking loans, deposits, and

apital; and related, the ross-ountry �nanial struture omprehensive not

only of riskless bonds, but also of a EA interbank market. The model is

perturbed by various �nanial shoks (LTV ratio, amount of resoures that

banks lend in the interbank market in the long run, banks' apital requirement)

that are ruial to assess the interation between the real and �nanial setors

of the eonomy.

Overall, the large sale of the EAGLE-FLI model, jointly with its

mirofoundations, allows to properly analyze the maroeonomi impliations

of �nanial fators in the EA ountries. Equivalently, EAGLE-FLI allows to

ondut a quantitative analysis in a theoretially oherent and fully onsistent

model setup, learly spelling out all the poliy impliations. The model

simulations have highlighted the importane of �nanial variables as soures
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of the business yle and also in the transmission of shoks. Nevertheless,

the model an be improved along several dimensions, that an be ruial for

further understanding the transmission of spillovers in the EA. For example,

the �nanial struture an be further enrihed by allowing for bonds having

di�erent maturities. Borrowing onstraints an be made oasionally binding.

Finally, and related, unertainty and risk an be added by appropriately

hanging the solution algorithm. These issues and their poliy impliations

onstitute an exiting researh agenda.
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Home REA US RW

Loans 122 119 148 146

Loans to households 64 61 90 76

Loans to entrepreneurs 58 58 58 70

Interbank 0.0 0.0 n.a. n.a.

Deposits 112 109 137 134

Exess bank apital 0.0 0.0 0.0 0.0

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

Table 1. Steady-State Finanial Aounts (Ratio to annual GDP, %)

Home REA US RW

Domesti demand

Private onsumption 64 62 66 61

Cons. patient households 29 25 36 36

Cons. impatient households 30 32 25 19

Private investment 17 17 17 21

Publi onsumption 20 20 16 18

Trade

Imports (total) 38 26 15 11

Imports of onsumption goods 26 19 11 6

Imports of investment goods 12 8 4 5

Net foreign assets (ratio to annual GDP) 23 -24 -18 13

Prodution

Tradables 39 40 37 40

Nontradables 61 60 63 60

Labor 39 39 51 46

Share of World GDP 6 13 19 61

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

Table 2. Steady-State National Aounts (Ratio to GDP, %)
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Home REA US RW

Households LTV ratio (VJ) 0.7 0.7 0.7 0.7

Entrepreneurs LTV ratio (VHE
) 0.7 0.7 0.7 0.7

Entrepreneurs LTV ratio (VKE
) 0.3 0.3 0.3 0.3

Households Loans smoothing (ρBJ
) 0.4 0.4 0.4 0.4

Entrepreneurs loans smoothing (ρBE
) 0.4 0.4 0.4 0.4

Capital requirement (ΥK) 0.08 0.08 0.08 0.08

Banks disount fator (βB) 1.03

−

1

4
1.03

−

1

4
1.03

−

1

4
1.03

−

1

4

Banks share in the population (ωB) 0.10 0.10 0.10 0.10

Adjustment osts

Deposits (γDH) 0.0001 0.0001 0.0001 0.0001

Exess bank apital (γX) 0.001 0.001 0.001 0.001

Interbank (γIB) 0.001 n.a. n.a n.a

Loans - banks (γL) 1.5 1.5 1.5 1.5

Loans - impatient hous. (γBJ) 1.5 1.5 1.5 1.5

Loans - entrepreneurs (γBE) 1.5 1.5 1.5 1.5

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

Table 3. Finanial and Banks Parameters
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Home REA US RW

Share in the population

Patient households (ωI) 0.30 0.30 0.30 0.30

Impatient households (ωJ) 0.50 0.50 0.50 0.50

Entrepreneurs (ωE) 0.10 0.10 0.10 0.10

Households and entrepreneurs

Patient hous. disount fator (βI) 1.03

−

1

4
1.03

−

1

4
1.03

−

1

4
1.03

−

1

4

Imp. households disount fator (βJ) 0.96 0.96 0.96 0.96

Entrepreneurs disount fator (βE) 0.99 0.99 0.99 0.99

Intertemporal elastiity of substitution (σ−1) 1.00 1.00 1.00 1.00

Inverse of the Frish elastiity of labor (ζ) 2.00 2.00 2.00 2.00

Housing servies (ιI , ιJ) 0.10 0.10 0.10 0.10

Habit persistene (κ) 0.70 0.70 0.70 0.70

Capital depreiation rate(δK) 0.025 0.025 0.025 0.025

Housing depreiation rate(δH ) 0.01 0.01 0.01 0.01

Intermediate-good �rms (trad. and nontrad. setors)

Substitution btw. labor and apital 1.00 1.00 1.00 1.00

Bias towards apital - tradables (αT ) 0.30 0.30 0.30 0.30

Bias towards housing - tradables (αHT ) 0.01 0.01 0.01 0.01

Bias towards apital - nontradables (αN ) 0.37 0.40 0.31 0.43

Bias towards housing - nontradables (αHN ) 0.01 0.01 0.01 0.01

Substitution btw. I-type and J-type labor (η) 4.33 4.33 7.25 7.25

Final onsumption-good �rms

Substitution btw. domesti and imported trad. goods (µTC) 2.50 2.50 2.50 2.50

Bias towards domesti tradables goods (vTC) 0.04 0.36 0.50 0.69

Substitution btw. tradables and nontradables (µC) 0.50 0.50 0.50 0.50

Bias towards tradable goods (vC) 0.45 0.45 0.35 0.35

Substitution btw. onsumption good imports (µIMC) 2.50 2.50 2.50 2.50

Final investment-good �rms

Substitution btw. domesti and imported trad. goods (µTI) 2.50 2.50 2.50 2.50

Bias towards domesti tradables goods (vTI) 0.03 0.48 0.66 0.67

Substitution btw. tradables and nontradables (µI) 0.50 0.50 0.50 0.50

Bias towards tradable goods (vI ) 0.75 0.75 0.75 0.75

Substitution btw. investment good imports (µIMI ) 2.50 2.50 2.50 2.50

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

Table 4. Households, Entrepreneurs and Firms Behavior
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Tradables (θT ) Nontradables (θN ) Wages (ηI = ηJ )

Home 1.20 (6.0) 1.50 (3.0) 1.30 (4.3)

REA 1.20 (6.0) 1.50 (3.0) 1.30 (4.3)

US 1.20 (6.0) 1.28 (4.6) 1.16 (7.3)

RW 1.20 (6.0) 1.28 (4.6) 1.16 (7.3)

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

Table 5. Prie and Wage Markups (Implied Elastiities of Substitution)

Home REA US RW

Adjustment osts

Imports of onsumption goods (γIMC ) 2.00 2.00 2.00 2.00

Imports of investment goods (γIMI ) 1.00 1.00 1.00 1.00

Capital utilization (γu2) 2000 2000 2000 2000

Investment (γI) 6.00 6.00 4.00 4.00

Intermediation ost funtion - USD bond (γB∗) 0.01 0.01 ... 0.01

Intermediation ost funtion - Euro bond (γBEA) ... 0.01 ... ...

Calvo parameters

Wages - households I and J (ξI and ξJ) 0.75 0.75 0.75 0.75

Pries - domesti tradables (ξH) and nontradables (ξN ) 0.92 0.92 0.75 0.75

Pries - exports (ξX) 0.75 0.75 0.75 0.75

Degree of indexation

Wages - households I and J (χI and χJ) 0.75 0.75 0.75 0.75

Pries - domesti tradables (χH) and nontradables (χN ) 0.50 0.50 0.50 0.50

Pries - exports (χX) 0.50 0.50 0.50 0.50

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

Table 6. Real and Nominal Rigidities
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Home REA US RW

Consumption-good imports

Substitution btw. onsumption good imports (µIMC) 2.50 2.50 2.50 2.50

Total onsumption good imports 25.7 18.7 11.0 6.1

From partner

Home - 4.0 0.4 1.3

REA 10.2 - 0.9 2.7

US 1.3 1.3 - 2.2

RW 14.3 13.5 9.7 -

Investment-good imports

Substitution btw. investment good imports (µIMI) 2.50 2.50 2.50 2.50

Total investment good imports 12.0 7.7 4.2 4.5

From partner

Home - 1.9 0.2 1.1

REA 4.1 - 0.3 1.3

US 1.3 1.2 - 2.1

RW 6.7 4.6 3.6 -

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

Table 7. International Linkages (Trade Matrix, Share of Domesti GDP, %)
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Home REA US RW

Monetary authority

In�ation target (Π
4
) 1.02 1.02 1.02 1.02

Interest rate inertia (ϕR) 0.87 0.87 0.87 0.87

Interest rate sensitivity to in�ation gap (ϕΠ) 1.70 1.70 1.70 1.70

Interest rate sensitivity to output growth (ϕY ) 0.10 0.10 0.10 0.10

Fisal authority

Government debt-to-output ratio (BY ) 2.40 2.40 2.40 2.40

Sensitivity of lump-sum taxes to debt-to-output ratio (ϕBY
) 5.00 5.00 5.00 5.00

Consumption tax rate (τC) 0.183 0.183 0.077 0.077

Dividend tax rate (τD) 0.00 0.00 0.00 0.00

Capital inome tax rate (τK) 0.19 0.19 0.16 0.16

Labor inome tax rate (τN ) 0.122 0.122 0.154 0.154

Rate of soial seurity ontribution by �rms (τWf
) 0.219 0.219 0.071 0.071

Rate of soial seurity ontribution by households (τWh
) 0.118 0.118 0.071 0.071

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

Table 8. Monetary and Fisal Poliy
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Figure 1a. Redution in the EA interest rate � E�ets on bank variables
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Figure 1b. Redution in the EA interest rate � E�ets on borrowing and housing
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Figure 1. Redution in the EA interest rate � E�ets on main maro variables
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Figure 1d. Redution in the EA interest rate � E�ets on onsumption and labor
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Figure 2a. Inrease in REA LTV ratio � E�ets on bank variables
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Figure 2b. Inrease in REA LTV ratio � E�ets on borrowing and housing
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Figure 2. Inrease in REA LTV ratio � E�ets on main maro variables
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Figure 2d. Inrease in REA LTV ratio � E�ets on onsumption and labor
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Figure 3a. Inrease in Home long-run interbank position � E�ets on bank variables
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Figure 3b. Inrease in Home long-run interbank position � E�ets on borrowing and housing
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Figure 3. Inrease in Home long-run interbank position � E�ets on main maro variables
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Figure 3d. Inrease in Home long-run interbank position � E�ets on onsumption and labor

5 10 15 20 25 30 35 40
−0.2

−0.1

0

0.1

0.2
Patient hous. consumption

 

 
Home
REA

5 10 15 20 25 30 35 40
−0.4

−0.2

0

0.2

0.4
Impatient households consumption

 

 
Home
REA

5 10 15 20 25 30 35 40
−0.4

−0.2

0

0.2

0.4

0.6
Entrepreneurs consumption

 

 
Home
REA

5 10 15 20 25 30 35 40
−0.05

0

0.05

0.1

0.15
Patient hous. labor

 

 
Home
REA

5 10 15 20 25 30 35 40
−0.05

0

0.05

0.1

0.15
Impatient hous. labor

 

 
Home
REA

5 10 15 20 25 30 35 40
−0.05

0

0.05

0.1

0.15
Labor

 

 
Home
REA

5 10 15 20 25 30 35 40
−0.06

−0.04

−0.02

0

0.02

0.04

0.06
Pat. hous. real wage

 

 
Home
REA

5 10 15 20 25 30 35 40
−0.05

0

0.05
Imp. hous. real wage

 

 
Home
REA

Horizontal axis: quarters. Vertial axis: % deviations from the baseline.



Working Papers 50

Figure 4a. Inrease in EA bank apital requirement � E�ets on bank variables
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Figure 4b. Inrease in EA bank apital requirement � E�ets on borrowing and housing
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Figure 4. Inrease in EA bank apital requirement � E�ets on main maro variables
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Figure 4d. Inrease in EA bank apital requirement � E�ets on onsumption and labor
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Figure 5. Sensitivity. Low LTV ratio
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Figure 6. Sensitivity. High adj. ost on bank apital γX
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Tehnial Appendix: Equations

Below we state the new equations (ompared to the standard version of

the EAGLE model), written in real terms. The prie of onsumption is the

numeraire.

Banks �rst order onditions (FOC), budget onstraint and apital

requirement

� FOC Marginal utility of dividends

ΛB,t =
(

divBt
)−σ

(62)

� FOC deposits supply

ΛB,t = βBEt

[

ΛB,t+1

RD
t

ΠC,t+1

]

− ΛB,tγX (xt − x̄) (63)

� FOC loans supply

ΛB,t = βBEt

[

ΛB,t+1

RL
t

ΠC,t+1

]

− γLΛB,t

(

lt
lt−1

− 1

)

1

lt−1

+βBγLEt

[

ΛB,t+1

(

lt+1

lt
− 1

)

lt+1

l2t

]

−ΛB,tγX(1−ΥK,t) (xt − x̄) (64)

� FOC interbank loans

ΛB,t = βBEt

[

ΛB,t+1

RIB
t

ΠC,t+1

]

−ΛB,tγIB(l
IB
t −

κIBpY Y

ωB

)−ΛB,tγX (xt − x̄)

(65)

� budget onstraint

divBt = −lt +
RL

t−1

ΠC,t

lt−1 − lIBt +
RIB

t−1

ΠC,t

lIBt−1

+dSupply
t −

RD
t−1

ΠC,t

dSupply
t−1 − ΓL,t − ΓIB,t − ΓX,t (66)

� apital requirement: exess bank apital de�nition

xt ≡ (1−ΥK,t)lt − dSupply
t + lIBt (67)

� bank loans adjustment ost

ΓL ≡
γL
2

(

lt
lt−1

1

)2

(68)

� bank apital adjustment ost

ΓX ≡
γX
2

(xt − x̄)2 (69)
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� interbank loans adjustment ost

ΓIB ≡
γIB
2

(

lIBt −
κIBpY Y

ωB

)2

(70)

Borrowers FOC, budget onstraint and borrowing onstraint

� FOC marginal utility of nondurables onsumption

ΛJ,t(1 + τC) =

(

CJ,t − κCJ,t−1

1− κ

)−σ

(71)

� FOC loans demand

ΛJ,t = βJEt

[

ΛJ,t+1

RL
t

ΠC,t+1

]

− γBJ
ΛJ,t

(

bJ,t
bJ,t−1

− 1

)

1

bJ,t−1

+ βJγBJ
Et

[

ΛJ,t+1

(

bJ,t+1

bJ,t
− 1

)

bJ,t+1

b2J,t

]

+ ΛJC,tR
L
t − ρbJβJEt

[

ΛJC,t+1

RL
t

ΠC,t+1

Π

]

(72)

� FOC real estate demand

ΛJ,tq
H
t =

ιJ
HJ,t

+βJEt

[

ΛJ,t+1(1− δH)qHt+1

]

+(1− ρBJ
)ΛJC,tVJ,tEt

[

qHt+1ΠC,t+1

]

(73)

� budget onstraint

bJ,t −
RL

t−1

ΠC,t
bJ,t−1 = (1− τN − τWH)wJ,tNJ,t +

trJ
ωJ

(74)

− (1 + τC)CJ,t − qHt (HJ,t − (1− δH)HJ,t−1)− ΓBJ ,t

� borrowing onstraint

−bJ,tR
L
t ≤ −ρBJ

ΠbJ,t−1

RL
t−1

ΠC,t

+ (1− ρBJ
)VJ,tEt

[

qHt+1ΠC,t+1HJ,t

]

(75)

� adjustment ost on borrowing position

ΓBJ ,t ≡
γBJ

2

(

bJ,t
bJ,t−1

− 1

)2

(76)

Entrepreneurs FOC, budget onstraint, borrowing onstraint

� FOC marginal utility of nondurables onsumption

ΛE,t(1 + τC,t) =

(

CE,t − κCE,t−1

1− κ

)−σ

(77)
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� FOC real estate demand

ΛE,tq
H
t = βEEt

[

ΛE,t+1rH,t+1 +ΛE,t+1(1− δH)qHt+1

]

+ (1− ρBE
)ΛEC,tVHE ,tEt

[

qHt+1ΠC,t+1

]

(78)

� FOC loans demand

ΛE,t = βEEt

[

ΛE,t+1

RL
t

ΠC,t+1

]

− γLΛE,t

(

bE,t

bE,t−1

− 1

)

1

bE,t−1

+ βEγBE
Et

[

ΛE,t+1

(

bE,t+1

bE,t

− 1

)

bE,t+1

b2E,t

]

+ ΛEC,tR
L
t − βEρBE

ΠEt

[

ΛEC,t+1

RL
t

ΠC,t+1

]

(79)

� FOC investment in physial apital

pIt = qKt
(

1− ΓI,t − Γ′
I,tIE,t

)

+βEEt

[

ΛE,t+1

ΛE,t

qKt+1Γ
′
I,t+1

I2E,t+1

IE,t

]

(80)

� FOC physial apital

ΛE,tq
K
t = βEEt

[

ΛE,t+1 (1− τK,t+1)
(

rK,t+1ut+1 − Γu,t+1p
I
t+1

)]

+ τK,tδKpIt + βEEt

[

ΛE,t+1q
K
t+1(1− δK)

]

+ (1− ρBE
) ΛEC,tVKE,tEt

[

qKt+1ΠC,t+1

]

(81)

� FOC apaity utilisation

rK,t = Γ′
u,tp

I
t (82)

Γ′
u =

(β−1

E − 1 + δK)qK − δKτKpI

(1− τK)pI
+ γu2(ut − 1) (83)

� Physial apital aumulation

KE,t = (1− δK)KE,t−1 + (1− ΓI,t)IE,t (84)

� budget onstraint

bE,t −
RL

t−1

ΠC,t

bE,t−1 = rH,tHE,t−1

+ (1− τK,t)
(

rK,tut − Γu,tp
I
t

)

KE,t−1 + τK,tδKpItKE,t−1

− qHt (HE,t − (1− δH)HE,t−1)− (1 + τC,t)CE,t − pIt iE,t

− ΓBE,t (85)



59

� borrowing onstraint

−RL
t bE,t ≤

−ρBE
ΠbE,t−1

RL
t−1

ΠC,t

+ (1− ρBE
)VHE,tEt

[

qHt+1HE,tΠC,t+1

]

+(1− ρBE
)VK,tEt

[

qKt+1KE,tΠC,t+1

]

(86)

� adjustment ost on borrowing position

ΓBE ,t ≡
γBE

2

(

bE,t

bE,t−1

− 1

)2

(87)

Savers' FOC

� FOC marginal utility of nondurables onsumption

ΛI,t(1 + τC) =

(

CI,t − κCI,t−1

1− κ

)−σ

(88)

� FOC deposits demand

ΛI,t

[

1 + γDH

(

dDem
t −

κDpY Y

1− ωJ − ωE − ωB

)]

= βIEt

[

ΛI,t+1

RD
t

ΠC,t+1

]

(89)

� FOC real estate demand

ΛI,tq
H
t =

ιI
HI,t

+ βIEt

[

ΛI,t+1(1− δH)qHt+1

]

(90)

Intermediate goods prodution

� Prodution funtions

Y S,N
t = zN,t

(

KD
t

)αKN
(

HD
t

)αHN
(

ND
t

)1−αKN−αHN
(91)

Y S,T
t = zT,t

(

KD
t

)αKT
(

HD
t

)αHT
(

ND
t

)1−αKT−αHT
(92)

� Input demand funtions

rH,tH
N,D
t = αHNY S,N

t MCN
t (93)

rH,tH
T,D
t = αHTY

S,T
t MCT

t (94)

rK,tK
N,D
t = αKNY S,N

t MCN
t (95)

rK,tK
T,D
t = αKTY

S,T
t MCT

t (96)

Market learing onditions and net foreign asset position

� Housing market

(1− ωJ − ωE − ωB)HI,t + ωJHJ,t + ωEHE,t = H̄ ; (97)

HT
t +HNT

t = ωEHE,t (98)
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� Loans market

ωBlt + ωJbJ,t + ωEbE,t = 0 (99)

� Deposits market

ωBd
Supply
t = (1− ωJ − ωE − ωB)d

Dem
t (100)

� EA ross-ountry interbank market (LIB,REA
t is in H �real� urreny)

sHωH
B lIB,H

t + sREAωREA
B lIB,REA

t = 0 (101)

� Net foreign assets position (in �real� US dollars)

(1− ωJ − ωE − ωB)BUS,t + ωB
LIB
t

SH,US
t

+ (1− ωJ − ωE − ωB)
BEA

I,t

SH,US
t

=

(1− ωJ − ωE − ωB)BUS,t−1R
US
t−1 + ωB

LIB
t−1R

IB
t−1

SH,US
t

+(1− ωJ − ωE − ωB)
BEA

I,t−1
Rt−1

SH,US
t

+
TBH

t

SH,US
t

(102)
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