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H ighlights

• W eestim atea two-country m odelwith internationalbanking fortheEuro Area

• W eexam inetheroleofcross-borderlending on thereaction ofcapitalbu ers

• Targeting a nationalcredit-to-GDP ratio should befavored to federalaverages

• A federaltargeting isdesirablefora shareofcross-borderbanking reaching 45%

• Even with perfectbanking integration,a nationaltargeting rem ainsoptim al
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A bstract

Thispaperquestionsthe role ofcross-borderlending in the definition ofnationalm acro-

prudentialpoliciesin theEuropean M onetary Union.W ebuild and estim ateatwo-country

DSGE m odelwith corporate and interbank cross-borderloans,Core-Periphery diverging

financialcyclesand a nationalim plem entation ofcoordinated m acroprudentialm easures

based on CountercyclicalCapitalBu ers. W e getthree m ain results. First,targeting a

nationalcredit-to-GDP ratio should be favored to federalaverages as this rule induces

betterstabilizing perform ancesin frontofim portantdivergencesin creditcyclesbetween

coreand peripheralcountries.Second,policiesreacting to theevolution ofnationalcredit

supply should be favored as the transm ission channelofm acroprudentialpolicy directly

im pactsthe m arginalcostofloan production and,by so,financialinterm ediaries. Third,

theinterestoflifting up m acroprudentialpolicym aking to thesupra-nationallevelrem ains

questionableforadm issiblevalueofinternationallending between Eurozonecountries.In-

deed,nationalcapitalbu ersreactingtotheunion-wideloan-to-GDP ratioonlylead tothe

sam estabilization resultsthan theoneobtained underthenationalreaction ifcross-border

lending reaches45% .However,even ifcross-borderlinkagesarehigh enough to justify the

im plem entation ofa federaladjusted solution,the reaction to nationallending conditions

rem ainsrem arkably optim al.
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1. Introduction

Thedisruption offinancialrelationsthatfollowed the2007subprim ecrisissetthebasis

for the adoption ofm acroprudentialpolicies in m ost countries.1 In the Euro Area,the

im plem entation ofsuch m easuresrem ainsfragm ented alongnationallineswhilethecoordi-

nation and internalization ofcross-borderspilloversareachieved through theactionsofthe

European System icRiskBoard (ESRB,henceforth).Thisfederalorganization accountsfor

two conflicting featuresofthe Eurozone thatcan be approached by contrasting core and

peripheralcountries.2 Panel(a)ofFigure 1 showsthatfinancialcycles(asm easured by

the creditto GDP ratio in percentage deviation from HP trend)rem ain clearly national,

which m ilitatesfora decentralized definition and im plem entation ofm acroprudentialm ea-

sures.However,asreported in panel(b)ofFigure1,thesetworegionsareclosely linked by

cross-borderbanking activities(asm easured by the share ofloanslentto a foreign agent

residing in anotherEuro Area country)and theinternationalspilloversofnationalm acro-

prudentialpoliciesm ay be harm fulforthe m onetary union. The rem aining uncertainties

on undesirable side-e ects ofselforiented m acroprudentialpolicies have thus put global

banksata centralstagein theon-going debaterelated to theconductofm acroprudential

policies.3

This paper questions how sizable cross-border lending flowsshould be treated in the

definition ofnationalm acroprudentialpolicies in the Euro Area. W e m ore particularly

assesswhethercross-borderbank lending should explicitly be considered in thesetting of

coordinated nationalm acroprudentialm easuresorwhethernationalregulatorsshould only

focus on the sole nationalfinancialstance to contribute to the financialstability ofthe

Eurozone.

1In a nutshell, macroprudent ial policy aims at complet ing monetary policy to enhance the resilience of
the financial system and contain the procyclicality of financial factors on act ivity.

2In the first group we aggregate data for countries with a current account surplus and low govern-
ment bond yields over the sample period (Aust ria, Belgium, Germany, Finland, France, Luxembourg and
Netherlands), while in the second group, we aggregate data for count rieswith a current account deficit and
high government bond yields over the sample period (Spain, Greece, Ireland, Italy and Portugal).

3For example, regarding issues related to macroprudent ial policy with global banking, we refer to the
IMF (2013, key issues, p31), the ESRB handbook (2014), ECB (2015, Financial Stability Review, May),
Bank of England (2015, Staff Working Paper).
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Not e: Cross-border lending refers to any financing arrangement that crosses nat ional borders between a domest ic bank and

a foreign borrower. T he share of cross-border loans is computed here as t he rat io between loans to euro area excluding the

domest ic area and the loans to euro area (i.e. cross-border loans between core count ries are included in the calculat ion of t he

share of int ernat ional loans). Sources: ESRB and ECB stat ist ics.

Figure1: Stylized factscharacterizing theEurosystem banking system: credit cycles remain clearly nat ional
while cross-border lending experienced an important growth

W e build and estim ate a two-country DSGE m odelthat accounts for two m ajor as-

pects to address the question at hands. First,we extend the setup ofPoutineau and

Verm andel(2015) -featuring cross-border banking on the corporate and interbank loan

m arkets4 -to accountforbank capitalregulation and thusto contrastthee ectivenessof

m acroprudentialpolicy from banking autarky to perfectintegration. Second,in line with

the actualorganization ofm acroprudentialpolicy,5 we focuson the joint-optim ization of

m acroprudentialpolicy rulesin each country usingthecountercyclicalcapitalbu er(CCB,

henceforth)rate asan instrum ent. Thissolution hasbecom e one ofthe leading facetsof

prudentialregulation sincetheadoption ofBaselIIIaccords(2010)by building up a bank

capitalbu erduringperiodsofexcessivecreditgrowth thatcan bereleased when system ic

risksabate.Theinternationaldim ension ofbankso ered by oursetting allowsusto con-

trastdi erentCCB rulesbased on:(i)thefederalorthenationalcredit-to-gdp targeting,

4In this paper, we omit the mortgage market and concentrate on corporate and interbank loans. Given
the insignificant size of cross-border housing loans in the port folio of banks (the share of cross-border loans
is below 1% in theEuro Area according to ECB internal data), this omission does not seem to be important
for the analysis conducted here.

5We refer to Carboni et al. (2013) for a discussion regarding the macroprudent ial policy mandate in
the Euro Area shared between European Central Bank and the Single Supervisory Mechanism, nat ional
competent authorit ies and coordinated by the European Systemic Risk Board.
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(i i)theloan dem and (from firm s)orsupply (from banks)to GDP targeting,and (i i i )the

loan inflows-to-GDP ratio targeting asenvisaged by Rey (2015).

The m ethodology em ployed in this paper com prises three steps. First,we build and

estim ateatwo-countryDSGE m odelfortheEuroAreawith onlym onetarypolicy(asthere

are no observations for an estim ation ofa m acroprudentialrule). Second,we com pute

theoptim alpolicy rules(both m onetary and m acroprudentialpolicy)given theestim ated

param etersassum ing a two-stage gam e where m onetary policy isthe leader.6 Third,we

exam ineim plicationsofcross-borderlendingontheoptim aldesign ofm acroprudentialrules

across country m em bers ofthe Eurosystem using the optim alm onetary policy rule as a

benchm ark.

Them ain resultofthepapersuggeststhatselforiented m acroprudentialnationalpoli-

ciesreacting to the evolution ofhom e country loan creation should be favored even with

high am ountsofcross-borderlending flows:First,targeting a nationalcredit-to-gdp ratio

should be favored to federalaveragesasthisrule inducesbetterstabilizing perform ances

in frontofim portantdivergencesin creditcycles between core and peripheralcountries.

Second,policiesreactingtotheevolution ofnationalcreditsupply should befavored asthe

transm ission channelofm acroprudentialpolicy directly im pactsthem arginalcostofloan

production and,by so,financialinterm ediaries. Third,the interest oflifting up m acro-

prudentialpolicym aking to the supra-nationallevelrem ains questionable for adm issible

valueofinternationallending between Eurozonecountries.Indeed,nationalcapitalbu ers

reacting to the union-wide loan-to-GDP ratio only lead to the sam e stabilization results

than the one obtained under the nationalreaction ifcross-border lending reaches 45% .

However,even ifcross-borderlinkagesare high enough to justify the im plem entation ofa

federaladjusted solution,the reaction to nationallending conditionsrem ainsrem arkably

optim al.

Additionally,weoutlinesom eparticularitiesregarding theconductofm acroprudential

6A important branch of the literature analyzed the interact ion between monetary policy and financial
stability, a topic not covered in thepaper asweconcentratehereon interact ionsbetween nat ional prudent ial
authorit ies. We refer to Woodford (2012) for a summary of policy challenges and results offered by the
exist ing literature concerning the role of monetary policy in providing financial stability.

6



���������	 �
������

�
��
��
��
�
�	
�

�
��
�
��

policiesforperipheralcountries. W e find thatadjusting the m acroprudentialinstrum ent

to capitalinflows-to-GDP isa prom ising toolforthese countriesthathave experienced a

largeam ountofloan inflows.Furtherm ore,disentangling thedem and/supply ofcredithas

im plicationsform acroprudentialpolicym aking asitispreferableto targetcreditsuppliers

forcorecountriesand borrowersforperipheraleconom ies.

Ourapproach ispartly related to a setofpapersexam ining m acroprudentialm easures

in the Eurozone with a closed econom y setup. Notably,Darracq-Parìesetal.(2011)and

Angelinietal.(2014)build aDSGE m odeloftheEurozoneclosetoGeralietal.(2010)with

both corporateand housingcreditm arketsand evaluatetheoptim alm ixbetween m onetary

and m acroprudentialpolicy using lossfunctions. Asa key contribution to the literature,

they suggestthattim e-varying capitalrequirem entscan im provem acroeconom icstability

bysupportingm onetarypolicyactions.Ouranalysiscan thusbeconsideredasan extension

to these papers,by accounting forthe heterogeneity between Euro Area participantsand

theexistenceofnationalm acroprudentialpolicieswith cross-borderspillovers.

Ourpaperalso contributesto m acroprudentialpolicy analysisin open econom ies. As

an exam ple,Quintand Rabanal(2014)accountforfinancialasym m etriesbetween partici-

pating countriesand focuson theinteraction between financialand housingcycleswithout

considering cross-borderflowsbetween countries. By om itting cross-borderlending,they

naturally find thatthereareno im portantspillovere ectsofregulation from onem em ber

statetoanotherviaan estim ated two-country DSGE m odeloftheEurozone.Additionally,

Jeanne(2014)em ploysastaticopen econom y m odeltoevaluatethee ectivenessofm acro-

prudentialand capitalcontrolm easures.Contrary to Quintand Rabanal(2014),hefinds

thattheseprudentialpoliciesgenerateim portantglobalspilloverseven with international

coordination.

Thepaperisorganized asfollows:Section 2 describesthefinancialsectorofthem odel.

Section 3takesthem odeltothedata.Section 4discussestheperform anceofm acropruden-

tialpolicy.Section 5 providesa sensitivity analysisto assesstherobustnessofourresults.

Section 6 concludes.
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2. The financialsector

Theeconom yiscom posed oftwocountriesofunequalsizeand populated byhouseholds,

firm sand banks. Thisfirstsection describesthe banking com ponentofthe m odelwhile

therestofthefram ework (standard to theliterature)ispresented in appendix.

2.1. The financial sector in a nutshell

Figure2 providesa broad pictureofthefinancialsectorand sum m arizesitsinteraction

with therestoftheeconom y.Banksengagein interbank lending/borrowing relationsand

provide corporate loansto entrepreneursand depositservicesto households. Authorities

a ectthedecisionsofthebankingsectorthrough m onetary and m acroprudentialpolicies.

M onet ar y
Pol icy

M acroprudent ial
Pol icy

M acroprudent ial
Pol icy

Bank

Bank

Product ion

Product ion

Household

Household

Cc,t

Cp,t

L sc,t

L sp,t

Investment
Flows

Consumpt ion
Flows

Corporate
Credit Flows

Interbank
Credit Flows

Refinancing
Rate Rt

νc,t capital
buffers

νp,t capital
buffers

Deposits D d
c,t

Deposits D d
p,t

Figure 2: Macroprudent ial policy and cross-border banking in a New Keynesian Framework

To introducean interbank m arket,weassum ethatbanksareheterogenousin term sof

liquidity.Thisfeaturegivesriseto an interbank m arketwhereliquid banksprovideinter-

bank loanstoboth hom eand foreign banks.Thisfeatureislinewith thecurrentEuropean

banking system characterized by banksrelying on wholesalefundingsasillustrated by Gi-

annoneetal.(2012).In oursetup,thedistinction between liquid and illiquid banksliesin

the directaccessofliquid banksto ECB fundingswhich allow intra-financialsectorflows

between financialinterm ediaries.7 Extending thisassum ption to an internationalperspec-

7This assumpt ion is empirically mot ivated: in the Eurosystem, only a fract ion of the 2500 banks par-
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tive,illiquid bankscan borrow from both dom estic and foreign liquid banks,which gives

riseto cross-borderinterbank lending flows.Thedecision ofthebanking system regarding

the provision ofdeposit services to households and loans to the corporate sector a ects

therestoftheeconom y through thesetting ofdepositand lending interestrates.8 In line

with theEM U situation,wedo notconsidercross-borderdepositnorcross-borderlending

to households.Theinternationalflow ofloansbetween econom iesisthusa consequenceof

interbankliquidityprovision and borrowingchoicesundertaken byentrepreneurs(following

a com parison between therelativeinterestratesofdom esticand foreign corporateloans).

Thispaperadoptsa m acroeconom ic perspective to focuson the e ectofcross-border

lending on theconductofm acroprudentialpolicy in a heterogeneousm onetary union.As

a consequence,thefinancialsectoriscom bined with a standard two-country DSGE m odel

accounting for short run rigidities in goods prices and nom inalwages. In what follows,

weoutlinethem ain assum ptionsregarding thefunctioning ofthefinancialsectorthatare

deem ed necessary toim proveboth thetractability oftheanalysisand theestim ation ofthe

m any behavioralparam eters ofthe DSGE structure. Som e m odelling choices have been

donein linewith theDSGE literaturethatcontrastwith am orestandard description ofthe

behaviorofthebankingsectorassum m arized by Freixasand Rochet(2008)and VanHoose

(2009). As in the initialcontribution ofGeraliet al.(2010),this m acro superstructure

is augm ented with a highly sim plified banking m odel. A hostofassum ptions should be

invoked thate ectively splinterabank’sdecisionsintoindependentchoicesaboutdi erent

portionsofitsbalancesheet.9

t icipates regularly to the bidding process in main refinancing operat ions of the ECB while the others rely
on interbank funding.

8For t ractability reasons we assume that even if banks differ in their ability to raise funds from the
central bank, their loan and deposit supply decisions remain homogenous after aggregat ion. In a real life
situat ion, illiquid banks may face more diffi cult ies in at t ract ing households deposits requiring banks to
set higher deposit rates to compensate their default risk. Regarding corproate loans provision, the t ighter
funding const raint of illiquid may diminish their loan supply compared to liquid banks.

9First , port folio separat ion holds (Baltensperger (1980) and Santomero (1984)), which means (Sealey
and Lindley (1977) and Sealey (1985)) that a number of assumpt ions have been invoked. For instance,
either shareholder unanimity is assumed for all banks in the model, or risk neut rality has been assumed
to render shareholder unanimity a non-issue. In addit ion, it must be assumed that banks’ costs of real
resources ut ilized in their operat ions are separable from resource costs for others of the banks’ assets and
liabilit ies at during each period and across periods if interperiod adjustment costs are taken into account .
Finally, banks must have access to a market in which they can both borrow and lend at exact ly the same

9
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ThispaperextendsPoutineau and Verm andel(2015)to accountfordepositdecisions

and for m acroprudentialconsideration in the balance sheets offinancialinterm ediaries.

The stickiness in both deposit and loan interest rates is a key ingredient ofthe fram e-

work. The setting ofinterestrate m im icsthe way othersticky nom inalvariablessuch as

pricesand wagesaresetin the m odelby adopting a Calvo-type m echanism .Thisdevice,

shared by m ostDSGE m odelswith a banking sector,partly contrastswith the literature

developed from the banking industry perspective. Indeed,m ostofthe banking literature

has,following Flannery (1982) originalwork on deposits as quasi-fixed factors,focused

on intertem poralquantity adjustm entcosts. Itisalso worth noting thatthe substantial

bankingliteratureon thistopichasproposed alternativewaysofapproachingthisquestion,

including Cosim ano and Van Huyck (1989),Cosim ano (1987,1988),and Elyasianietal.

(1995) and Abo-Zaid (2015). Furtherm ore,sluggish and even asym m etric variations in

bank retailrateshavebeen docum ented in theem piricalliteratureasin Van Leuvensteijn

etal.(2013)through im perfectcom petition am ong banking system s,while Kopecky and

Van Hoose(2012)rely on intertem poralquantity adjustm entcoststogetherwith im perfect

com petition to explain such observations. The adoption ofa Calvo m echanism com bined

with m onopolistic com petition hasbeen em ployed here in a m acro-perspective forcredit

and deposit interest rates,as this solution allows us to consider the sluggishness in the

adjustm entofallthe nom inalvariablesofthe econom y (prices,wagesand interestrates)

through theestim ation ofa ”Calvo lottery param eter”.

Asa second m ajornoticeabledi erencefrom Poutineau and Verm andel(2015),weac-

countforendogenousleverageoffinancialinterm ediaries,thusreflectingtheriskinessin the

balancesheetofbanks.W eusetim e-varying capitalrequirem entsasthem acroprudential

instrum ent.AsunderlinedbyAngelinietal.(2014),capitalbu ershavetakenacenterstage

in theongoingdebateon regulatory reform and havebecom eoneofleadingfacetofm acro-

prudentialregulation. Specifically in the European Union,a num berofm acro-prudential

policy instrum entsincluding countercyclicalbu ersare em bedded in the legislative texts

interest rate. Only when all such assumpt ions are invoked, it is legit imate for each bank to be able to make
separable decisions about balance-sheet choices as assumed in this model.

10
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transposing theBaselIIIregulatory standardsinto EU law.10 To accountforthiscom pul-

sory m acroprudentialinstrum ent,weborrow them odelling deviceofDarracq-Parìesetal.

(2011)and Angelinietal.(2014)by assum ingthateach typeofbank m ustpay aquadratic

costwhen itsrisk weighted assetsratio deviatesfrom the tim e-varying ratio fixed by the

m acroprudentialauthority in country i according to the system ic risk arising within the

financialsystem .Thedecision to penalizebanksforkeeping equity-capitalpositionsbelow

theo cialbenchm ark iseasy to understand,asundercapitalized banksm akethebanking

sectorm orefragile and in turn subjectto bank runs(Diam ond and Rajan (2001)). Sym -

m etrically,thedecision to im posecostson banksforhaving equity-capitalpositionsabove

the required levelsm ay be understood in a m acroeconom ic perspective:by keeping m ore

equity capitallevels than required by the o cialregulation,the banking sector diverts

resourcesand,in turn,createscreditrationing forboth entrepreneursand illiquid banks.

This m ay create lower than desired banking activity,reduce investm ent in the econom y

and incurine ciencies.11

2.2. Interbank relations

In each country the banking system consists oftwo distinct branches: a continuum

ofm onopolisticbanksand financialpackers.M onopolisticbanksprovidedi erenttypesof

loansanddepositservicesandsetinterestratesonaCalvobasis.Thefinancialinterm ediary

isa CES packerthatproducesone hom ogenousloan and depositservice.12 A share λ of

10Namely the new Capital Requirements Direct ive (CRD IV) and the Capital Requirements Regulat ion
(CRR). We refer to Carboni et al. (2013) for a discussion regarding themacroprudent ial policy mandate in
the Euro Area shared between ECB/ SSM, nat ional competent authorit ies and coordinated by the ESRB.
11Van den Heuvel (2008) finds using a general equilibrium model that increasing capital requirements

induces high welfare costs in terms of uncondit ional consumpt ion, suggest ing that capital requirements
should be lower than in the current adequacy framework. Clerc et al. (2015) highlight the presence of a
t radeoff using a financial accelerator model between too high and too low capital requirements.
12Thefinancial packer actsasa loan and deposit bundler in a perfect ly compet it ivemarket . Bankssupply

different iated typesbof depositsD i ,t (b) and loansLsi ,t (b) bundled by financial packers. Their packing tech-

nology for deposit services and loans reads as, Dd
i ,t = [(1/ ni )

1/ �D G(D i ,t (b)
(�D − 1) / �D )]�D / (�D − 1) , and Ldi ,t =

[(1/ ni )
1/ �L G(L si ,t (b)

(�L − 1) / �L )]�L / (�L − 1) . I t maximizes profits, RDi ,t D
d
i ,t + R

L
i ,t L

d
i ,t − G(RDi ,t (b) Di ,t (b)) −

G(RLi ,t (b) L
s
i ,t (b)), subject to their two technology curves. Here, L

d
i ,t is the loans demand from home

and foreign entrepreneurs, Dd
i ,t is the deposit services demand from domest ic households and G (.) is

the aggregator funct ion. Deposits and loans are imperfect subst itute with elast icity of subst itut ion
�D < − 1 and �L > 1. The corresponding demand funct ions associated from the previous prob-
lem are, Di ,t (b) = (1/ ni )(RDi ,t (b)/ R

D
i ,t )

− �D Dd
i ,t and L

s
i ,t (b) = (1/ ni )(RLi ,t (b)/ R

L
i ,t )

− �L Ldi ,t . The aggre-

11
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banksisilliquid (i.e. creditconstrained),whiletherem aining shareofbanks1-λ isliquid

and suppliesinterbank loansto illiquid banks.

The representative share λ ofilliquid banks b in country i has the following balance

sheet,

Lsi ,t = I B
H
i ,t + BK

i l l
i ,t + Di,t + l iab

i l l
i ,t , (1)

where Lsi ,t is the loan supply ofborrowing banks, I BHi ,t is the interbank loans supplied

by liquid banks subject to externalhabits,BK i l l
i ,t is the bank capital,Di ,t are deposit

services to households and l iabi ,t are other liabilities in the balance sheet ofthe bank

that are not considered in the m odel.13 To close the m odel,we assum e that the cost

ofthese liabilities is set by the centralbank through its refinancing rate. W e suppose

thatthe dem and forinterbank fundsare subjectto externalhabitsata degree hBi where

I BHi ,t = I B
d
i ,t − h

B
i (I B

d
i ,t− 1 − I B

d
i ).Thesehabitscapturesthe em piricalautocorrelation of

interbank funding.In addition,these habitsare em pirically docum ented in the interbank

network literature: Finger et al.(2014, 2015) find at a bank levelthat bilaterallinks

between banksare persistentasbanksheavily rely on well-established businessrelations,

thusexhibiting som ehabitsin borrowing/lending decisions.

Theone-period stream ofprofitsoftheb-th illiquid bank isgiven by:

i l l
i ,t =

�
1− µB (1− Et {ηi ,t+ 1})

��
1+ RLi ,t

�
Lsi ,t −

�
1+ RDi ,t

�
Di ,t −

�
1+ PI Bi ,t

�
I BHi ,t (2)

− (1+ Rt)l iab
i l l
i ,t − F

�
rwai l li ,t − υi t

�
BK i l l

i ,t ,

where µB [0,1]denotesthe loss-given-default(i .e. the percentage ofthe am ountowed

on a defaulted loan thatthe bank isnotable to recover),1− Et {ηi ,t+ 1} isthe expected

gate price index of all variet ies in the economy is given by, RDi ,t = [(1/ ni )G(RDi ,t (b)
1− �D )]1/ (1− �D ) and

RLi ,t = [(1/ ni )G(R
L
i ,t (b)

1− �L )]1/ (1− �L ) .
13We suppose that they follow an exogenous AR(1) shock process εBi ,t such that , l i abi ,t = e

εBi , t l i abi , this
shock captures some aggregate movements in the funding const raint araising from the wholesale funding
market , see for instance Pérignon et al. (2017) for an analysis of liquidity runs on the French unsecured
market of cert ificates of deposits.
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averagedefaultrateofthebank’shom eand foreign custom ers,14 RDi ,t isdepositrate,P
I B
i ,t

isthe borrowing coston the interbank,Rt the interestrate setby the centralbank and

Fi (·)denotesthecapitalrequirem entcostfunction.Thiscostfunction istaken from Gerali

etal.(2010)and isdefined asFi (x)= 0.5χkx2 whereχk 0isthecostofcapitaladequacy

fram ework paid in term ofbank capital.15 Thiscostfunction isashortcutthatm akesbank

capitalm orecostly than any sourceoffinancing,and allowsin turn to m im ictheresponse

ofcreditratesand creditto a capitalrequirem enttightening consistently with em pirical

evidence(seeforinstanceFraisseetal.(2013)foran em piricalm easureofthiselasticity).

W hen thebank capital-to-risky-assetratio rwai l li ,t isbelow thepolicy targetυi t,thebank is

penalized by regulatory rulesthata ecttheborrowing ratesin them onetary union and in

turndam ageoutput.Thispenalizationreplicatesthem arketdisciplineim posedbyinvestors

on low capitalized banks,forcing thelatterto boosttheirretained earningsthough higher

creditrates.Therisk isevaluated through fixed weightson assets,based on thetypeofthe

borrowers(1forcorporateexposureand 0.20forinterbank exposurebetween OECD banks

as defined in Baselaccords) as defined in BaselIaccords.Since illiquid banks are only

exposed to corporate risk,the risk weighted assetsratio isgiven by rwai l li ,t = BK i l l
i ,t / L

s
i ,t.

In addition,thefinancialinterm ediary hasaccessto dom esticand foreign interbank loans

to m eet its balance sheet. The m odelling device to introduce internationalborrowing is

analogous to trade channels through a CES as in Poutineau and Verm andel(2015) and

Brzoza-Brzezina et al.(2015). The totalam ount borrowed by the representative bank

readsasfollows:

I B di ,t =
��
1− αI Bi

�1/ ξ �
I Bdhi ,t

�(ξ− 1)/ ξ
+
�
αI Bi

�1/ ξ �
I Bdf i ,t

�(ξ− 1)/ ξ�ξ/ (ξ− 1)
, (3)

where param eter ξ > 0 isthe elasticity ofsubstitution between dom estic and foreign in-

14To simplify both the steady state and the log-linear version of themodel, the bank default expectat ion
regarding entrepreneurs’ projects is defined by a geometric average of home and foreign surviving rates of

ent repreneurs, ηi ,t = (ηEh,t )
1− α Lh (ηEf ,t )

α Lj η̄α
L
h − α Lj where ηEi ,t + 1is the default rate of ent repreneurs operat ing

in country i {c, p}. The expression η̄α
L
h − α Lj ensures the detesminist ic steady state remains symmetric

between Core and Periphery without affect ing the dynamic of themodel up to a first order approximat ion.
15The quadrat ic nature of this cost has been discussed in the previous subsect ion.

13



���������	 �
������

�
��
��
��
�
�	
�

�
��
�
��

terbank funds,αI Bi representsthe percentage ofcross-borderinterbank loan flowsin the

m onetary union and I Bdhi ,t+ 1 (resp. I B
d
f i ,t+ 1)theam ountofdom estic(resp.foreign)loans

dem anded by borrowing bank b in country i.Thisexistenceofan hom ebiason theinter-

bank m arketisem pirically m otivated,Frickeand Lux (2015)find,using Italian bank-level

data,thatItalian bankstend to trade with each otherratherthan with foreign banks,in

particularafterthefinancialturm oil.M ore broadly in theliterature offinance,thehom e

biasin portfolio wasfirstdocum ented by French and Poterba (1991).

The totalcostincurred by illiquid banksto finance interbank loans,1+ PI Bi ,t ,isthus

defined according to theCES aggregator:

1+ PI Bi ,t = (
�
1− αI Bi

�
(1+ RI Bh,t )

1− ξ + αI Bi (1+ RI Bf ,t )
1− ξ)1/ (1− ξ) , (4)

where1+ RI Bh,t (resp.1+ R
I B
f ,t )isthecostofloansobtained from hom e(resp.foreign)banks

in country i.Finally following Geralietal.(2010),thebank capitalaccum ulation process

ofilliquid banks(BK i l l
i ,t)isdeterm ined by:

BK i l l
i ,t =

�
1− δi l li

�
i l l
i ,t− 1, (5)

where δi l li [0,1]m easuresresourcesused in m anaging bank capitaland conducting the

overallbankinginterm ediation activity and isdeterm ined endogenously bythesteady state

ofthem odel.Given thefunctionalform ofFi (·),thefirstordercondition on loanswhich

determ inesthem arginalcostofsupplying an additionalunitofloansto hom eand foreign

entrepreneursis:

1+ MCi l li ,t =
1+ PI Bi ,t + χk

�
υi t − rwai l li ,t

��
rwai l li ,t

�2

1− µB (1− Et {ηi ,t+ 1})
. (6)

From this equation,we observe that an increase (reduction) in the CCB rate υi ,t (risk

weighted assets ratio rwai l li ,t) im poses on banks to accum ulate m ore equity via retained

earningsthrough a rise in creditrates.Param eterχk determ inesthe elasticity ofinterest

14
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ratesto capitalregulation change.16 During phasesofexpansion,bankshaveincentivesto

increasetheirleverageaway from thetargetin ordertoboosttheirprofits.Thisrisk taking

by banksisaddressed in ourm odelthough the costfunction thatforcesbanksto control

theircapitalstructure.

Thefraction 1− λ ofrem aining liquid bankshasthefollowing balancesheet:

Lsi ,t + I B
s
i ,t = L

ECB
i ,t + BK liq

i ,t + Di ,t + l iab
l i q
i ,t , (7)

whereLsi ,t isthelending supply to entrepreneurs,I B
s
i ,t isthesupply offundson theinter-

bank m arket,LECBi ,t isthe am ountofrefinancing operationsobtained by the liquid bank,

BK liq
i ,t istheam ountofbank capital,Di ,t aredepositscollected from dom estichouseholds

and l iabi ,t are exogenousliabilitiesasexplained previously. The one-period profitofthe

bank l i q
i ,t isdefined as:

l i q
i ,t =

�
1− µB (1− Et {ηi ,t+ 1})

��
1+ RLi ,t

�
Lsi ,t +

�
1+ RI Bi ,t

�
I Bsi ,t −

�
1+ RDi ,t

�
Di ,t (8)

− (1+ Rt)l iab
l i q
i ,t − (1+ Rt)L

ECB
i ,t − F(rwaliqi ,t − υi t)BK

liq
i ,t .

Here,RI Bi ,t isthe interestrate setby liquid banksto hom e and foreign illiquid banks,Rt

istherefinancing rateofthecentralbank and Fi (·)denotesthesam eBaselcostfunction

asforilliquid banks:Fi (x)= 0.5χkx2.Interbank claim sa ectthe am ountofequity held

by banksand aregiven a risk weightat20% .Therisk weighted assetratio forliquid bank

incorporating corporate and bank exposuresisgiven by rwali qi ,t = BK liq
i ,t / (L

s
i ,t + 0.2I Bsi ,t).

According to theilliquid bank,bank capitalofliquid banksevolvesaccording to

BK liq
i ,t = (1− τ l i qi ) l i q

i ,t , (9)

where δl i qi [0,1]issim ilarto the illiquid bank and m easuresthe fraction ofcapitalused

during theinterm ediation processthatcannotbere-invested nextperiod.The firstorder

16Empirically, Fraisseet al. (2013) find at a bank level that onepercentageincreasein capital requirements
leads to a reduct ion in lending by approximately 10%.
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condition on loansdeterm ining them arginalcostofloansoftheliquid bank b is:

1+ MCi l li ,t =
1+ PI Bi ,t + χk

�
υi t − rwai l li ,t

��
rwai l li ,t

�2

1− µb(1− Et{ηi ,t+ 1})
, (10)

and the second firstordercondition on interbank loansdeterm inesthe interbank rate set

by banksoperating in country i:

RI Bi ,t = Rt + 0.2χk(υi t − rwa
li q
i ,t )(rwa

liq
i ,t )

2. (11)

Hereagain,an increasein bank capitalrequirem entsraisesthebank’scostoflending,and

in turn increasesboth interbank and corporateinterestrates.Thisresultisconsistentwith

standard businesscycle m odelsand isreferred to the bank capitalchannelasin Van den

Heuvel(2008),M eh and M oran (2010),Darracq-Parìes et al.(2011) and Angeliniet al.

(2014).

2.3. Interest rate setting

W eassum ethatinterestrateson depositsand corporatecreditloansaresticky.In par-

ticular,sluggish and even asym m etricvariationsin bank retailrateshavebeen docum ented

in theem piricalliteratureasin Kopecky and Van Hoose(2012)and Van Leuvensteijn etal.

(2013)through im perfectcom petition am ongbankingsystem s.Thesettingofinterestrate

m im ics the way other sticky nom inalvariables such as prices and wages are set in the

m odel. As in Darracq-Parìes et al.(2011),we introduce a Calvo m odelfor credit rates

to firm sand depositrateswhile the interbank rate isleftflexible asbanksoperate under

perfectcom petition on the interbank m arket. Banksm ustsolve a two-stage problem . In

the firststage,banksm inim ize the costofm anaging theirfunds on a com petitive input

m arketsby com puting them arginalcostofsupplying an additionalloan to borrowersand

adepositservicetohouseholds.Thecom putation ofthesem arginalcostshasalready been

perform ed in theprevioussubsection.In a second stage,they operateunderm onopolistic

com petition by applying a m arkup (m arkdown)on theircom m ercialloan (deposit)rate,

and settheinterestrateon a staggered basis.Using a Calvo nom inalrigidity device,each

period a random fraction θLi (θDi )ofbanksisunable to update itslending (deposit)rate,

16
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RLi ,t = RLi ,t− 1 (R
D
i ,t = RDi ,t− 1),creating an im perfecttransm ission ofm onetary policy deci-

sionsto borrowersand saversliving in the m onetary union. The bank thatitisable to

m odify itsloan interestrate(with a constantprobability 1− θLi )choosesR
L∗
i ,t to m axim ize

itsexpected stream ofprofitsadjusted by therisk ofdefault:

Et
X ∞

s= 0

�
θLi
�τ

i ,t+ s

�
1− µB (1− ηi ,t+ 1+ τ)

��
RL∗i ,t − exp(εLi ,t+ s)MC

L
i ,t+ s

�
Lsi ,t+ s, (12)

where εLi ,t is an ad-hoc m arkup AR(1) shock to the credit rate equation,θLi [0,1) is

the Calvo lottery coe cientdeterm ining the degree ofnom inalrigidity and MCLi ,t isthe

aggregatem arginalcostcom biningoutputsfrom liquid and illiquid banksofcountry i.W e

aggregate loansfrom liquid and illiquid banksand theirrespective m arginalcostsbefore

applying the m arkup for tractability purposes: this device is usefulto com pute a single

Phillips curve as wellas an unique credit rate for both liquid and illiquid banks. W e

borrow this shortcut procedure from Geraliet al.(2010) adapted in a di erent context,

i.e. allbanks belonging to a nationalbanking system share the sam e m arginalcost of

production,reflecting the average liquidity degree ofnationalbanks: 1+ MCLi ,t = (1+

MCi l li ,t)
λ(1+ MCliqi ,t )

(1− λ ). In addition,the banking spread reflecting the leveloffinancial

distressisgiven by SLi ,t = (1+ RLi ,t)/ (1+ Rt).

In asim ilarfashion fordepositrates,assum ingthatitisabletom odify itsinterestrate

with a constantprobability 1− θDi ,the representative bank choosesR
D ∗
i ,t to m axim ize its

expected stream ofprofits,by applying a m arkdown on therefinancing rateofthecentral

bank Rt:

Et
X ∞

τ = 0

�
θDi
�τ

i ,t+ s

�
Rt+ s exp(ε

D
i ,t+ s)− R

D ∗
i ,t

�
Di ,t+ s, (13)

where εDi ,t isan ad-hoc tim e-varying AR(1)m arkdown shock to the depositrate equation

and θDi [0,1)istheCalvo lottery param eter.

2.4. Macroprudential policy

M acroprudentialpolicy a ects the generalequilibrium of the econom y through the

policy instrum ent vi ,t that contributes to the m arginalcost ofcom m ercialbanks’loans.
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Asa consequence,a m acroprudentialpolicy tightening is associated with higherlending

rates,and lowerbank creditgrowth and assetprices.W eassum ethatthem acroprudential

authority setsthetim e-varying capitalrequirem entνi ,t according to:

vi ,t = (1− ρvi )ν̄ + ρvi νi ,t− 1 + φi(Ti ,t − T̄i), (14)

whereρvi [0,1)isthesm oothing coe cientoftherule,Ti ,t isthem acroprudentialtarget,

φi 0 isthem acroprudentialweightto the targetin country i and T̄i isthesteady state

ofthetarget.In ourspecification,capitalrequirem entsareexpected to increasewhen the

targetdeviatesfrom itssteady state. The choice ofthe targetTi ,t isa key aspectofthe

paperthatwillbediscussed below.

TheESRB hasdeveloped abu erguidetochoosetheCCB ratebased on thecredit-to-

gdp gap.17 However,the globalnature ofthe European banking system introducesm any

possibilities for the definition ofthe credit-to-gdp ratio taken into account by national

authorities. Indeed,the CCB rate m ay be adjusted to the credit supply (ofbanks) or

the credit dem and (ofentrepreneurs),18 either on a nationalor on a federalbasis. Our

fram ework with internationalbank flowsallowsusto distinguish between fiveoperational

targetsaslisted in Table1.

Thefirstsetofcredittargetingrulesisoriented towardsthesupplyofcreditusingeither

a federal(1.a)ora country-specific aggregate (1.b). A m acroprudentialpolicy based on

creditsupply aim satstabilizing lendersby focusing m oreon thestabilization offinancial

shockshittinglendersratherthan dem and and supply shockshittingborrowers.Given the

scale ofcross-border loans in the Eurozone,the decisions ofthe nationalsupervisor has

sidee ectson countrieswherea nationalbank hasa subsidiary orbranchesorwherethis

bank lendsto m ay favora federaldefinition oftheratio.Thusto handle these pecuniary

17Other indicators (such as early warning variables) are included in the CCB guide which are not imple-
mentable in our model.
18In an open economy context where banks can lend across borders, banks supply credit to both home

and foreign, which creates a gap between the domest ic supply and the domest ic demand for loans. This
dist inct ion between demand and supply is easy to see on the market clearing condit ions of interbank
(Equat ion B.23) and corporate markets (B.22).
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Table 1
Various Macroprudent ial Policy Schemes in terms of Target (average in the monetary union, nat ional
supply or nat ional target ) and in terms of policy stance (common or nat ional-adjusted)

Schemes Target

Loan Suppl y Tar get ing
1.a Union-wide loan supply Tt = (L st + (1− λ)I B st )/ Yt
1.b Nat ional loan supply Ti ,t = (L si ,t + λ I B di ,t )/ Yi ,t for i {c, p}

Loan Demand Tar get ing
2.a Union-wide loan demand Tt = (Ldt + λ I B dt )/ Yt
2.b Nat ional loan demand Ti ,t = (Ldi ,t + λ I B di ,t )/ Yi ,t for i {c, p}

Capit al Inf l ows Tar get ing
3 Capital Inflows Ti ,t = (Ldi ,t − L

s
i ,t + λ I B di ,t − (1− λ)I B si ,t )/ Yi ,t for i {c, p}

Note: variables without count ry subscript such as xt denote union-wide averages computed as a weighted sum of each count ry

xt = nxc,t + (1 − n)xp,t .

externalities,we evaluate the possibility ofan union-wide targeting system (1.a)against

a nationaltargeting system (1.b),the latter being expected to create m ore externalities

(positiveornegative)asita ectstheforeign banking system withouttaking into account

itsfinancialdevelopm ents.19

Thesecond setofcredittargetingrulesconcentrateson thedem and ofcreditem anating

from entrepreneurs.20 The interest ofa CCB rate tailored to borrowers is that it m ay

providem orestabilization following realand nom inalshockshitting householdsand firm s

attheexpenseoffinancialshocksa ecting banks.Thissolution seeksatinternalizing the

socialcostofentrepreneurs’over-borrowingthatm ay arisegiven theirbiased expectations.

Asthispolicy regim e ine ciently a ectsforeign borrowersthrough cross-borderlending,

spilloverse ectsm ay bedam pened by a federaltargeting (2.a)ratherthan a nationalone

(2.b).

W e also evaluate the interest ofadopting provisionalm easures to a ect cross border

lending directly,through targeting capitalinflowsin theCCB.Thissolution,asenvisaged

19For further discussions of these cross-border issues, we refer to Beck et al. (2016).
20A loan demand target ing is feasible in a real life situat ion, the ECB already disentangles the credit

demand and supply by collect ing the domest ic and cross-border posit ions of Euro area monetary financial
inst itut ions since 1999 for each part icipant of the monetary union. Regarding the demand side of credit
markets, the bank lending survey published by the ECB on a quarterly basis provides an analysis of the
driving forces of the demand of credit in the Euro Area. For the supply side, both the ECB and the BIS
collect domest ic and cross-border posit ions of euro area monetary financial inst itut ions.
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by Jeanne and Korinek (2010),Brunnerm eier etal.(2012) and Rey (2015),is relatively

sim ilarto a capitalcontrolm easure. The m ain insightbehind thisschem e would rely on

thefactthatpersistentcapitalaccountim balancesinducefinancialstability risksand m ay

haveim plicationsforthesustainability ofnetexternalassetpositions.In particularsince

thecreation in theEurozone,globalbanking hasexperienced an explosivegrowth helping

tofuelunsustainablecreditboom sin peripheraleconom iessuch asin Spain and in Ireland,

followed by a sudden stop in capitalinflows com pensated by unconventionalm easures.

M acroprudentialpoliciescan play a key roleto contain thisproblem by im posing targeted

regulationsonbanksengagedincross-borderactivities.W henborrowingtootherEuropean

banksisincreasing fasterwith respectto theGDP,a nationalauthority can risetheCCB

rateto a ectbanks’balancesheetm anagem entand reducetheirexposureto international

borrowing.In addition when system risks abate in one econom y,leading to capitalflow

reversals,nationalauthorities m ay release the bu er thus loosening the banks’funding

constraintto addresstheprocyclicality ofcapitalflows.

3. Estim ation strategy

W e fitthe previoustwo country DSGE to Eurozonedata overthe sam pletim e period

1999Q1-2013Q4 using Bayesian techniques. W e estim ate structuralparam eters and the

sequence ofshocks by following the sem inalcontributions ofSm ets and W outers (2003,

2007) and Christiano et al.(2005). For a detailed description,we refer to the original

papers.

3.1. Data

W esplittheEurozonein twogroupsadoptingthecore-peripherydichotomy asin Quint

and Rabanal(2014)and Poutineau and Verm andel(2015).CorecountriesgatherAustria,

Belgium ,Germ any,Finland,France,Luxem bourg and Netherlandswhileperipheralcoun-

tries include Spain,Greece,Ireland,Italy and Portugal. The m odelis estim ated with

Bayesian m ethodson Eurozonequarterly data overthesam pleperiod 1999Q1 to 2013Q4,

which m akes60 observationsforeach observablevariable.Concerning thetransform ation

ofseries,the pointisto m ap non-stationary data to a stationary m odel. Data which are
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known to havea trend (nam ely GDP,consum ption,investm ent,corporateloan and inter-

bank supply)orunitrootare m ade stationary in two steps. First,we divide the sam ple

by the population. Second,data are taken in logs and we use a first di erence filtering

to obtain growth rates. In addition,realvariablesare deflated by the HICP price index

and we rem ove the seasonalcom ponentin the data using a m ultiplicative decom position.

Furtherm ore,we dem ean the data aswe do notuse the inform ation contained in the ob-

servable m ean. Interestrates are seton a quarterly basis by dividing them by 4. Since

hoursworked arenotobservablefortheEuro Area,weadoptthesam em odelling strategy

as Sm ets and W outers (2003) to identify TFP shocks using em ploym ent as a proxy for

hoursworked.Em ploym entisdivided by theworking population index,taken in logsand

dem eaned.To m ap em ploym entto hoursworked in ourm odel,weintroducean auxiliary

equation foreach country which statesthatonly a share θEi [0,1)offirm sisallowed to

adjustitslevelofem ploym ent êi ,t to itsoptim allabordem and H d
i ,t:

êi ,t = βêi ,t+ 1 +
�
1− βθEi

��
1− θEi

�
/ θEi

�
log
�
Hd
i ,t / H̄

d
�
− êi ,t

�
. (15)

Thevectorofobservablevariablesreadsas:

Y t = 100[ ŷi ,t , êi ,t , ĉi ,t , ı̂i ,t , π̂
C
i ,t , ŵi ,t , r̂

D
i ,t , l̂ si ,t , bib

s

i ,t , r̂ t] for i = {c, p}.

3.2. Calibration, priors and model assumptions

W e fix a sm allnum berofparam eterscom m only used in theliteratureofrealbusiness

cyclesm odelswhich areweakly identified.Thediscountfactorβ issetat0.99,thedepre-

ciation rateδ at0.025,thecapitalshareα at0.38,theshareofsteady statehoursworked

H̄ at1,thespendingtoGDP ratio g at24% .21 Concerning�P and �W (thesubstitutability

between finalgoodsand labor),weconsiderthecalibration at10 asin Sm etsand W outers

(2007). Regarding financialparam eters,we fix N̄ / K̄ (the net worth to capital)ratio to

0.40 to be consistentwith the observed debt-to-financialassetsratio ofnon-financialcor-

21Thiscalibrat ion offersa consumpt ion-to-output rat io of 55.45% (vs57.31% in thedata) and investment-
to-output rat io of 20.55% (vs 20.70% in the data).
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porations which fluctuates between 50% and 65% since 1999.The steady state value of

spreadsand thebank balancesheetarecalibrated on theiraveragesobserved overthesam -

pleperiod in theEuroArea:R̄-R̄D=1.66/400,R̄L-R̄D=3.67/400,D̄ / L̄ s=0.46,rwa= v̄=0.10

and I B
d
/ L̄ s=0.20.Thecapitalregulation costχk issetat11 asin Geralietal.(2010)to

replicatetheresponseofcreditand interestrateto a capitalrequirem entrise.

Forsubstitution param etersforcorporateand interbank loansυ and ξ aswellasforthe

fraction ofilliquid banks λ,to ourknowledge there are no em piricalanalysisusing bank

leveldata that provides an estim ation ofthese param eters. W e rely on the previous fit

exerciseofPoutineau and Verm andel(2015)by calibrating λ at0.38 and υ,ξ at1.1.The

lattercalibration forsubstitution param etersisratherconservative by allowing very low

substitution e ectsbetween hom e and foreign loans.22 The quarterly share ofdefaulting

firm s’projects 1 − η̄E is fixed at 0.025/4,23 and the auditing cost µB at 0.10,24 those

valuesare very sim ilarto Bernanke etal.(1999). W e com pute the param etergoverning

therelativesizeofthecorearea n at0.58 asin Kolasa (2009),which istheshareim plied

by nom inalGDP levelsaveraged overthe period 1999-2013. W e calibrate sym m etrically

the adjustm ent cost on deposits χDi at 0.0007 as in Schm itt-Grohé and Uribe (2003) to

rem ove an unitrootcom ponentgenerated by the two-country set-up. Finally,the lower

bound ωmin and the shape κ ofthe Pareto distribution are endogenously determ ined by

them odelequationsassum ing a risk-freeeconom y with no spread and default,weobtain:

ωmin=1-N̄ / K̄ and κ= K̄ / N̄.Ourcalibration deliversforthem ain endogenousvariablesthe

following steady state:ω̄C=0.6015,εD=-2.41,εL=4.37,r̄ L=0.0192 and r̄ K =0.0166.

22In cont rast , Brzoza-Brzezina et al. (2015) assign a value of 6 to their subst itut ion parameter, which is
rather high with respect to the literature of t rade. In general, subst itut ion parameters for goods market
are rather low and usually remain between 1 and 2 as in Quint and Rabanal (2014) or Pout ineau and
Vermandel (2015).
23This is consistent with corporate default stat ist ics from Moody’s, the rat ing agency, which show an

averagedefault rateon (non-US) non-financial corporatebondsof 0.75% for theperiod 1989-2009, as shown
by Darracq-Pariès et al. (2011). The other rat ing agency Standards & Poor’s evaluates the rate of default
for the period 1991-2014 to 0.58%. We consider a default rate of 0.63% which is in the ballpark of the
numbers found by rat ing agencies.
24The audit ing cost cannot be observed as few data on loan losses are publicly available for reasons

of confident iality. Dermine and De Carvalho (2006) find using bank level data that these costs crit ically
depends on the size of the loans: recovery costs on smaller loans are substant ially higher than on large
loans, 4.1% vs. 0.9%. In addit ion, once the content ious department has to rely on external lawyers, the
recovery costs rise to 10.4%.
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Our priors are listed in Table B.7. Overall,they are either relatively uninform ative

or consistent with earlier contributions to Bayesian estim ations. For a m ajority ofnew

Keynesian m odels’param eters,i.e. σLi ,h
C
i ,θ

P
i ,ξ

P
i ,θ

W
i ,ξ

W
i ,θ

E
i ,χ

I
i ,ψi,φ

π,φ∆ y and shock

processes param eters,we use the prior distributions close to Sm ets and W outers (2003,

2007).Calvo probabilitiesforrateshavethesam euninform ativepriorsasforprices/wages

while loanshabitsare given a priorm ean 0.5 with standard deviation 0.2.Ourpriorsfor

opennessparam etersarebased on theirobserved averageoverthesam pleperiod.Substi-

tutabilitiesbetween hom e/foreign creditand finalgoodsare setto 2 with standard devi-

ationsof0.50.W esetthepriorforthe elasticity ofthe externalfinance prem ium κ i to a

betadistribution with priorm ean equalto0.05and standard deviation 0.02consistentwith

priorinform ation ofGilchristetal.(2009). Finally,in orderto catch up the correlation

and co-m ovem entsbetween countries’aggregates,weestim atethecross-countrycorrelation

between structuralshocks,associated priorsare inspired by in Jondeau etal.(2006)and

Kolasa(2009),wesetthem ean ofthepriordistribution forshock correlationsbetween core

countriesand peripheralcountriesat0.2 with a standard deviation at0.2.

Finally,regarding bank capitalregulation forthefitexercise,wedisablethem acropru-

dentialinstrum entby fixing theCCB rateto itsdeterm inisticsteady statevalue:

νi ,t = v̄. (16)

Thisassum ption isreasonablefortwo m ain reasons.Firstoverthesam pleperiod,capital

regulation hasbeen m ainlydom inated bytheBaselIAccordscharacterized byfixed capital

requirem entratios.Second,even through theadoption oftheBaselIIIAccordsallowsEuro

Area countriesto em ploy thecountercyclicalcapitalbu erasa shield againstthebuild up

offinancialim balances,it has not been yet em ployed by a participant ofthe m onetary

union.25

25The ESRB offers on its website an interact ivemap of the Euro Area on countercyclical capital buffers.
To this date, only Sweden and Norway have act ivated the CCB rate in the European Union but both of
these countries are not Euro Area part icipants.
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3.3. Estimation results

Them ethodology em ployed isstandard totheBayesian estim ationsofDSGE m odels.26

Table B.7 reportsestim ation resultswhich sum m arizesthe m eansand the 5th and 95th

percentilesoftheposteriordistributionswhilethelatteraredrawninFigureB.6.According

to this figure,prior and posterior distributions are relatively di erent showing that the

data were fairly inform ative.Severalparam eters are wellidentified for one country but

weakly fortheothereconom y,wedecideto keep theseparam etersin thefitexerciseafter

checking that their weak identification does not a ect our estim ations (i.e. calibrating

these param eters and re-estim ating the m odelprovides very sim ilar results). W hile our

estim atesofthestandard param etersarein linewith theliterature(seeforinstanceSm ets

and W outers(2003)and Quintand Rabanal(2014)),severalobservationsareworth m aking

by com m enting them ean oftheposteriordistribution ofstructuralparam eters.

First regarding asym m etries in business and credit cycles between the core and the

periphery,they are m ainly driven by the standard deviation ofshocks which are larger

in peripheraleconom ies.In particular,ine ciency shocks for wages and prices are m ore

volatilein periphery which m ay constitutean issuein theim plem entation ofasinglem one-

tary policy.In thesam evein form acroprudentialregulation,thepresenceofheterogenous

financialshocksin term sofvolatility questionsthe perspective ofa single federalm acro-

prudentialauthority.

Second turningtostructuralparam eters,wefind an im portantdi erencebetween coun-

triesregardingparam eterθEi thatdeterm inestheadjustm entofem ploym enttothedem and

ofhoursworked:corecountriesobserveasluggishresponseofem ploym enttothecyclewhile

them irrorim ageisseen forperiphery.Stillregarding thelaborm arket,wagerigidity and

26The posterior dist ribut ion combines the likelihood funct ion with prior informat ion. To calculate the
posterior dist ribut ion to evaluate the marginal likelihood of the model, the Metropolis-Hast ings algorithm
is employed. We compute the posterior moments of the parameters using a suffi cient ly large number of
draws, having made sure that theMCMC algorithm converged. To do this, a sample of 250, 000 drawswas
generated for four chains through parallelizat ion, neglect ing the first 50, 000. The scale factor was set in
order to deliver acceptance rates of between 20 and 30 percent for each chain. Convergence was assessed
by means of the mult ivariate convergence stat ist ics taken from Brooks and Gelman (1998). We est imate
the model using the dynare package of Adjemian et al. (2011). We provide in the online appendix the
bayesian IRF of the model which are all fairly consistent with VAR-type models evidence.
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indexation param etersarealso higherin core countriessuggesting thatcore countriesare

farther from the optim alallocation characterized by flexible wages and prices. However

thisinterpretation isnuanced by Gaĺı(2013)showingthatwagerigiditiescan,in som epar-

ticularsituations,playastabilizingrolefortheeconom y.Oneoftheseparticularsituations

exposed by Gaĺı(2013)isam onetary policy weakly oriented toward inflation which can be

observed when m onetary policy hashititslowerbound.In thelightofthisnew reinterpre-

tation thatm eetsthecurrentsituation oftheEuro Area,wagesand em ploym entrigidities

ofcore countries m ay have been stabilizing frictions since the financialcrisis episode in

2009.

Third,theresultsrelated to m arketintegration arein linewith thestandard em pirical

evidence.In particular,peripheraleconom ies are m ore open and dependent to the core

areathan theopposite,exceptforinterbank facilities.Thislatterresultishard toreconcile

with theem piricalevidenceas,beforethefinancialcrisis,peripheraleconom ieswherenet

recipient ofinterbank loans that fueled the property boom . This could be a lim itation

ofthe analysisconducted here,howeverby sum m ing both the netentry ofcorporate and

interbank loans,ourm odelpredictsthatperipheraleconom ieswere netrecipientofloans

consistently with thehistoricalexperienceoftheEuro Area.

4. The perform ance ofM acroprudentialPolicy

4.1. The suboptimality of the federal solution

Thecountercyclicalcapitalbu er(CCB,henceforth),asdefined in theBaselIIIaccords

(2010)and ESRB handbook (2014),isan instrum entdesigned tocontain theprocyclicality

ofthefinancialsector.Itisaim ed atbuilding up acapitalbu erwhen threatstoresilience

are high orduring periodsofexcessive creditgrowth and can be released when system ic

risksabate.TheESRB hasselected thecredit-to-gdp gap asa leading indicatorto signal

upcom ing crisesthatthe CCB ism eantto m itigate. A naturaltranslation ofthe CCB’s

objectivein oursetup correspondsto them inim ization ofthevarianceofthecredit-to-gdp
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ratio in them onetary union:27

L = σ2L / Y + λYσ
2
Y + λνσ

2
ν , (17)

whereσ2L / Y,σ
2
Y and σ2ν denoterespectively theunconditionalvarianceofthecredit-to-gdp

ratio,outputand policy toolνi ,t while param eters λY and λν are weightson outputand

CCB.This ad-hoc loss function L borrowed from Angeliniet al.(2014) is obtained as

a weighted average ofnationallossfunctions foreach area. Itisdefined as,L = nLc +

(1− n)Lp,whereforeach countrythenationallossisgivenby,L i = σ2i ,L / Y + λYσ
2
i ,Y + λνσ

2
i ,ν.

Noticeably,as our m odelfeatures an interbank m arket,the credit-to-gdp ratio is given

by the aggregate credit supply divided by output: ctgi ,t=(Lsi ,t + (1− λ)I B si ,t)/ Yi ,t. As

Angelinietal.(2014),weassum ethatλν=0.10 and λY=0,howeverin a robustnesssection

weinvestigatewhetherourresultsaresensitiveto thiscalibration.

Using the criterion (17),we are able to perform a sim ilar exercise as Angeliniet al.

(2014)by ranking m acroprudentialpoliciesselecting CCB rule’scoe cients[ρυc,ρ
υ
p,φc,φp]

that deliver the sm allest loss. W e search over a four-dim ensionalgrid over param eters

ranges[0,1)forρυi and [0,5]forφi.Asa benchm ark forcom paring ourscenariosforCCB

im plem entation,we considerthe optim alm onetary policy situation characterized by the

optim ized Taylor rule that m axim izes the welfare ofhouseholds living in the m onetary

union. Putdi erently,the interaction between m onetary and m acroprudentialpolicy fol-

lowsaStackelberggam ewherem onetarypolicyisleaderbyrem ovingnom inaline ciencies

in theEuroareathrough therefinancingrate,followed afterward bym acroprudentialpolicy

which dam pensfinancialcycles. Optim alm onetary policy isbased on a second orderap-

proxim ation to equilibrium conditionsofthem odelasin Schm itt-Grohéand Uribe(2007)

27We are aware that theminimizat ion of a loss funct ion rather than a micro-founded welfare criterion is
a limitat ion of our analysis. However, it is also well-known that the usual welfare criterion weakly port rays
the t rade-off faced by macroprudent ial authorit ies between macroeconomic and financial stabilizat ion. A
macroprudent ial policy maximizing the welfare index reduces inflat ion to the detriment of the financial
system which experiences higher volat ilit ies for credit supply and spreads. In response, Woodford (2012)
employs an ad hoc loss funct ion that fairly port rays the object ive of macroprudent ial policy. Most of the
literature follows Woodford’s approach, such as Darracq-Pariès et al. (2011) and Angelini et al. (2014).
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using estim ated param etersofTableB.7.28 Optim alweightsin theTaylorrulearerespec-

tively ρ=0.99,φπ=4.38,φ∆ y=0.5.

Finally,them inim ization ofthevarianceofthecredit-to-GDP gap can bere-interpreted

through an allocation problem for authorities. Entrepreneurs’distorted beliefs generate

overborrowing decisionswhich ine ciently am plify thecycle.By so,entrepreneursdo not

internalize their contribution to the financialam plification.Authorities thus im plem ent

a capitalrequirem ent policy which can be seen as a Pigouvian tax on banks aim ing at

internalizingtheincreaseofthesocialcostthrough higherlendingratestoentrepreneurs.29

Thusthefinancialam plificationism easuredherethrough thevarianceofthecredit-to-GDP

ratio.

W e evaluate the stabilization perform ance ofeach m acroprudentialpolicy schem e by

m inim izing thesecond orderlossfunction defined in Equation 17 subjectto linearequilib-

rium conditionsoftheestim ated m odel.

Table 2
Loss-based ranking of different macroprudent ial policy implementat ion schemes

Opt imal Stances Loss
Scheme ρυc φc ρυp φp L Lc Lp

Loan Suppl y Tar get ing
1.a Union-wide loan supply 0.59 5.2 0.28 4.6 5.4076 3.9097 7.4761
1.b Nat ional loan supply 0.96 2.2 0.91 1.97 0.0071 0.0078 0.0062

Loan Demand Tar get ing
2.a Union-wide loan demand 0.46 2.64 0.49 1.25 5.4787 3.9577 7.5791
2.b Nat ional loan demand 0.16 2.55 0.96 2.79 0.67336 0.46427 0.9621

Capit al Inf l ows Tar get ing
3. Capital Inflows 0.53 2.36 0.15 0.57 19.7407 13.5852 28.241

Table2 reportsthepolicy stanceand thestabilizing perform ancesforeach im plem en-

28In the quant itat ive simulat ion, we first search for weights at tached to inflat ion φπ, GDP growth φ∆ y

and the smoothing degree ρ in the Taylor rule that gives the highest uncondit ional welfare of households
from Equat ion B.1. Based on the grid search by 0.01 unit , we limit our at tent ion to policy coeffi cients
in the interval (1, 5] for φπ, [0, 0.5] for φ∆ y (Schmit t -Grohé and Uribe, 2007), and in the interval [0, 0.99]
for ρ to speed up opt imizat ion rout ines. We take into account the zero-lower bound by adding a penalty
term in the welfare index associated to the variance of the nominal interest rate following the calibrat ion
of Woodford (2003).
29We refer to Jeanne and Korinek (2013) for the implementat ion of macroprudent ial measures through

a social planner problem.
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Not e: for each value of the share of foreign loans in t he port folio of ent repreneurs (denoted αLi ) and banks (denoted α I Bi ),

we compute t he opt imal macroprudent ial policy for four diff erent schemes. T he loss funct ion is an average between core

and periphery detailed in Equat ion 17. Capital inflows-adjusted policy is not reported as it s loss is too high compared to

alt ernat ive schemes.

Figure 3: The role of cross-border banking in the scheme ranking.

tation schem e.Theoptim alstabilization ofthefinancialsystem critically dependson the

targetselected by m acroprudentialauthorities.Unsurprisingly,weobservea clearranking

favoring operationalinstrum entsreacting to nationalloan developm ents(schem es1.b and

2.b)thatoutperform ssolutionsbased on federalloan developm ents(schem es1.a and 2.a).

A naturalquestion is thus to determ ine the degree ofm utualfinancialcross-border

lendingflowsthatshould beobserved toa ectthism ain conclusion.Indeed,asunderlined

by Cecchettiand Tucker(2016)and Beck etal.(2016)ahigherbanking integration should

require a com m on prudentialstandard (here,the targeting rule)applied appropriately to

allparts ofthe financialsystem . As a consequence,the e ciency offederaltargeting

rules (i .e. schem es 1.a and 2.a) is expected to increase with the share ofcross-border

loanswhilenationaladjusted should belesse cient.Toinvestigatethisquestion,Figure3

reportsm inim ized lossfunctionsfordi erentlevelsofcross-borderloans.Threecom ponent

arepresented related to an increasein total(nam ely thesum ofcorporateand interbank)

cross-border loans in the left panel,in corporate loans only in the center paneland in

interbank loansonly in therightpanel.

W e can draw three m ain conclusionsfrom Figure 3. First,the interestofconducting
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federalbased definition ofthecredit-to-gdp ratio unsurprisingly increaseswith thesizeof

cross-borderflows. Asreported in the firstpanel,the relative interestofim plem enting a

nationaladjusted rule(such as1.b and 2.b)ism agnifiedwith respecttothefederaladjusted

rule forlowervaluesofαLi and αI Bi . Howeverforvaluesofthese param etershigherthan

25% , the gap in the loss function values tends to decrease significantly. Nevertheless,

m acroprudentialrules based on a federaldefinition ofthe credit to GDP ratio becom es

only interesting fora m utualcross-borderlending opennesslying around 45% .Thisfigure

isratherhigh with respectto the currentvalue ofcross-borderlending,which m akesthis

solution notoptim alforthem om ent.

Second,thispolicy outcom eregardingthereduction in thelossfunction underafederal

definition ofthe credit-to-gdp ratio is m ainly driven by the m utualopenness ofthe cor-

porate creditm arkets.Asreported in the centerand rightpanels,interbank cross-border

lending credithasno noticeable im pacton the relative ranking ofpolicy solutions,while

the integration ofthe corporate loan segm entdeterm inesthe slope ofthe decrease in the

lossfunction underthefederalsolution.

Third,even ifbanking integration clearly enhances the stabilization perform ances of

federal-adjusted schem es,a m acroprudentialsolution targeting the nationalcreditsupply

rem ainsrem arkably e cientwith a globalbanking system .Fortheallspectrum ofvalues

ofαLi and α
I B
i displayed in panelsofFigure3,CCB reaction to a nationaldefinition ofthe

credit-to-gdp ratiodeterm inesthelowestvalueforthelossfunction.Thus,ourexperim ents

suggestthateven ifcross-borderlinkagesarehigh enough to justify theim plem entation of

a federaladjusted solution,thereaction to nationallending conditionsrem ainsoptim al.

4.2. Contrasting national solutions

Asunderlined in Table 2 ournum ericalresultssuggestthatthe bestoutcom e forthe

lossfunction valueisobtained when m acroprudentialpolicy targetsthenationalsupply of

loansinstead ofthenationaldem and forloans(i.e.,accountsforthenationaland foreign

natureofloanscontracted in theeconom y).Theinterestoftargeting loan supply iseasily

understandable,asthetransm ission channelofm acroprudentialpolicy directlyim pactsthe

m arginalcostofloan production and,by so,financialinterm ediaries. Ifm acroprudential
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policy targetsloan dem and,thisdirectchannelisdam pened,which leadsto alowerreduc-

tion ofthelossfunction.Nationalm acroprudentialpoliciesreacting to federalaveragesdo

nottargettheorigin offinancialim balancesasregionaldivergencesin creditcyclesaretoo

im portanttohaveasinglefederaltarget.Thesolution focusingon cross-borderlendingde-

velopm ents(3),isclearly dom inated by alltheotherim plem entation schem es:in thiscase,

the lossfunction reachesitshighestvalue,revealing thattargeting externalim balancesis

notappropriateasitdoesnottakeinto accountthefinancialrootsoftheproblem .

To understand these resultswe sim ulate the dynam ic responsesto a negative produc-

tivity shock in core countriesand a negative netwealth shock in peripheraleconom ies.30

W e concentrate on these two shocks as they are leading drivers ofthe loan-to-gdp ratio

thatauthoritiesaim atstabilizing through capitalbu erm easures.

First,Figure4 reportstheIRFsaftera negativeproductivity shock foreach CCB rule

with respecttotheoptim alm onetary policy situation.Underthebenchm ark ofan optim al

m onetary policy (dashed lines),a negative hom eproductivity shock depressesinvestm ent

and activityand im pliesine cientfluctuationsin thecredit-to-gdp ratio.Thisshocktrans-

latestotheperipheralregion through tradechannels,cross-borderlending,m onetarypolicy

reaction and shockcorrelation.Theintroduction ofnationalm acroprudentialm easureshas

aclearstabilizinge ectforbusinesscyclesofthem onetary union.Thereleaseofthebu er

easesthebank capitalconstraintwhich in turn lowerscreditspreadsand investm entfluc-

tuations. However,the targeting regim e determ ining the CCB rate critically a ects the

outcom e the econom y that does not experience the shock and explains the e ectiveness

ofnationalcredittargeting regim es overfederalones. In a federaltargeting regim e (1.a

and 2.a),both countries react to a com m on average credit-to-gdp ratio which leads the

foreign country to reactprocyclically to foreign shocks. In addition,we do notfind clear

di erencesbetween targetingnationalcreditdem and orsupply.FinallyCCB ratesadjusted

to capitalinflowsfailatproviding m acroeconom icstability in particularfortheperipheral

country.Theshock in thecorecountry generatesa re-allocation ofcreditfrom coreto pe-

30As underlined by Angelini et al. (2014), supply shocks may dominate in normal t imes, while financial
shocks are important in except ional t imes.
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Figure 4: System response to an est imated negat ive product ivity shock in core countries ηAc,t measured in
percentage deviat ions from steady state under different macroprudent ial policy rules (domest ic or union-
wide supply/ demand/ inflows target ing).
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ripheraleconom iesand authoritiesin peripheraleconom iesprocyclically tighten thecapital

constraintwhich ine ciently am plifiesthecrisis.

Second,Figure 5 depicts the IRFs after a negative stock m arket shock in peripheral

econom ies.Undertheoptim alm onetary policy benchm ark (dashed lines),thisshock dete-

rioratestheborrowingconditionsofentrepreneurs,thusincurring alargedeclinein output

and investm entthrough the externalfinance prem ium channel. Consequently,the credit-

to-gdp gap experiences a large decline ine ciently driven by the biased expectations of

entrepreneurs. Our m ain results regarding the im plem entation ofm acroprudentialm ea-

sures are sim ilar to the productivity shock.Nationalcredit targeting is preferred to a

federaloneasthelatterexacerbatesfluctuationsforthecountry thatdoesnotexperience

theshock,creating a spillovere ect.Thesam eprocyclicalm echanism isobserved forthe

capitalinflowstargetingschem e.Finally,targetingthedem and orsupply ofcreditprovides

very sim ilarresponses.

Table 3
Macroeconomic performances of different implementat ion schemes in comparison to the opt imal policy benchmark

Standard deviat ions (%) Correlat ion
Core Periphery

Scheme ŷc,t l̂ sc,t i b̂c,t ŝLc,t ŷp,t l̂ sp,t i b̂p,t ŝLc,t corr(ŷc,t , ŷp,t )

Monet ar y Pol icy Onl y
Benchmark 100 100 100 100 100 100 100 100 0.15

Loan Suppl y Tar get ing
1.a Union-wide loan supply 91.57 91.95 75.11 127.47 103.88 113.45 73.86 105.96 0.15
1.b Nat ional loan supply 79.67 76.60 74.48 130.46 95.06 86.19 73.93 120.19 0.46

Loan Demand Tar get ing
2.a Union-wide loan demand 91.58 92.06 75.1 127.29 103.79 112.92 73.96 105.58 0.16
2.b Nat ional loan demand 82.89 92.94 71.73 137.08 76.24 63.42 76.19 116.41 0.44

Capit al Inf l ows Tar get ing
3 Capital Inflows 93.42 138.3 73.27 156.67 96.33 79.92 88.94 90.46 0.37

Accounting forallshocksofthe m odel,Table 3 reportsthe standard deviation ofac-

tivity, corporate and interbank loans and interest rate spread under alternative policy

schem es. W e contrast ourresults with respectto the optim alm onetary policy (without

prudentialregulation)to m easurehow theconductofm acroprudentialm easureshavede-
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Figure 5: System response to an est imated negat ive firms net wealth shock in peripheral count ries ηNp,t
measured in percentage deviat ions from steady state under different CCB regulat ion schemes (domest ic or
union-wide supply/ demand/ inflows target ing).
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creased/increased the standard deviation ofendogenous variables for each country.This

exercise m easures how the stabilizing gains are distributed between countries. W e also

reportbusinesscycle synchronization statistics,asm easured by the correlation ofoutput

between econom ies,to evaluate whether the schem e is able to sm ooth the heterogeneity

between Euro Area participants.

Overall,the highest gains can be obtained by adopting m acroprudentialpolicy m ea-

sures reacting to nationaldevelopm ents in the credit-to-gdp ratio. The reaction ofthe

m acroprudentialinstrum entto otherm easuresofthe credit-to-gdp ratio (based on either

loan dem and orfederalaverages)leadsto lessreduction in thestandard deviation ofthese

aggregates. However,the im plem entation ofm acroprudentialpolicy is not a free lunch

sincethebuilding up ofa capitalbu erm echanically increasesthevolatility ofthespread

when stabilizing thedebt-to-GDP ratio.31

In addition,weobservea naturallink between loan-to-GDP stabilization and business

cycle synchronization,showing that the im plem entation ofnational-adjusted m acropru-

dentialpolicies sm ooths the heterogeneity across regions.Such a resultis interesting for

m onetary policy m akers,asthee ectivenessofa singlem onetary policy critically depends

onbusinesscyclesynchronizationbetweenm onetaryunionparticipants.Thustheenhanced

cyclesynchronization partially solvestheEuro Area’sproblem ofa “one-size-fits-all” m on-

etary policy.

Contrasting thenationaldem and and nationalsupply targeting solutions,wefind that

their e ectiveness are clearly di erent according to the country considered. As an ex-

am ple,the supply side oriented policy fitsthe situation ofcore econom ies,while the one

oriented towardsthedem and ofcreditm eetsthesituation ofperipheraleconom iesin term s

ofm acroeconom ic stabilization.Core countries should thus focus on the stabilization of

its banks while peripheraleconom ies should stabilize its borrowers. Having asym m etric

targetsbetween regionsoftheEurozonecould bean interesting perspectiveto im plem ent

stabilization policies.

31The variability of the lending spread is a leading indicator of financial dist ress, Woodford (2012) sets
its stabilizat ion as an object ive for monetary policy making with financial frict ions.
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Finally the capitalinflowstargeting solution fitswellperipheraleconom iesthatwere

netrecipientofforeign claim sbefore the 2009 crisis. However,thispolicy isharm fulfor

core countries,a ected by an increase in the volatility ofloansand ofthe creditspread.

Overthesam pletim eperiod,corecountrieswerenetexporterofloansby fueling property

boom s in peripheraleconom ies through interbank lending,this capitaloutflow involves

an ine cient and durable reduction ofthe CCB rate enhancing the volatility ofcredit

dom estically. W hile capitalcontrols appears to be a prom ising toolfor Periphery,it is

clearly unsuited to countriesexperiencing capitaloutflows.

5. A dditionalsensitivity analysis

Thissection assessestherobustnessofourresultswith respectto som ekey param eters

ofthem odeland to thenatureofshocksencountered in theeconom y.

5.1. Loss function calibration

Table 4
Sensit ivity analysis of scheme ranking to different calibrated parameters

Euro area loss L
1.a 1.b 2.a 2.b 3

Loss output stabilizat ion λy = 0 5.4076 0.0071 5.4787 0.67336 19.7407
λy = 5 6.0138 0.4063 5.9196 1.0906 16.7659
λy = 10 6.5325 0.8036 6.5119 1.5042 20.8989

Loss policy inst rument λν = 0 5.4063 0.0004 5.5147 0.66152 19.9706
λν = 5 5.7099 0.28443 5.7186 0.97562 20.1045
λν = 10 5.9328 0.53581 5.9252 1.1936 20.4273

Loan subst itutability ν, ξ = 0 5.5082 0.0072 5.4190 0.67025 19.7962
ν, ξ = 5 5.5206 0.0068 5.5392 0.6914 20.2309
ν, ξ = 10 5.5372 0.0067 5.5298 0.7056 20.9558

Share of core countries n = 0.4 5.5641 0.0069 5.5485 0.0868 19.0729
n = 0.5 5.6804 0.0069 5.7378 0.3138 19.7849
n = 0.6 5.4134 0.0071 5.4053 0.78181 20.2335

Flexible interest rates θLi = 0 5.9139 0.0058 5.8096 0.65304 17.8474
θDi = 0 5.8987 0.0074 5.8685 0.66579 16.6966
θLi = θDi = 0 5.9067 0.0059 5.8446 0.66382 21.3504

Not e: λ y and λν denote respect ively weight s on output and policy t ool volat it ies in the macroprudent ial loss funct ion, ν is

t he subst it ut ion degree between home and foreign credit variet ies and n denotes the share of core count ries in terms of real

GDP in the euro area. Losses are evaluated using the average of core and peripheral count ries volat i li t ies.

First,Table4reportsthesensitivity analysisofthem ain resultstothecalibrated value

ofsom eunderlyingparam eters.Thefirstexperim entsfocuson theweightparam etersofthe
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lossfunction ofm acroprudentialauthorities. Asreported,the ranking ofpoliciesrem ain

una ected bythevalueoftheseparam eters.Anincreaseinthepolicym akerspreferencesfor

output(denoted λy)orthepenalization ofthevarianceofcapitalrequirem ents(denoted λν)

increasestheloss.Turning to structuralparam eters(nam ely thedegreeofsubstitutability

between di erent varieties ofloans ν and n the share ofcore countries in the m onetary

union)thesensitivity analysisdoesnotaltertheranking ofm acroprudentialdecisions.As

observed,an increase in the size ofthe core countries’group hasopposite resultson the

valueoftheloss,depending on thedim ension ofthecredit-to-gdp ratio thatistaken into

accountin the reaction ofm acroprudentialpolicy. The lossdecreasesforschem es based

on a reaction to nationalloan developm entswhile itincreaseswhen the m acroprudential

instrum entreactstothefederalvalueoftheratio.However,thegap between thelossvalues

rem ain so high thatthe ranking between nationaland federalsolutionsisleftuna ected.

Regardingthenom inalrigiditiesoninterestrates,thusreflectingtheim perfectpass-through

ofboth m onetary and m acroprudentialpolicies,disabling this nom inalfriction does not

a ecttheranking too.

5.2. Nature of shocks

Second,Table 5 reports the sensitivity analysis ofthe m ain results to the nature of

shocksencountered in theeconom y.W edistinguish between supply (productivity shocks),

dem and (gathering publicspending shocks,preferenceshocksand investm entshocks)and

financialshocks (gathering shocks on the collateralofcorporate lending,on riskiness of

investm ent projects and cost push shocks on deposit). As underlined by Angeliniet al.

(2014),supplyanddem andshocksm aydom inateinnorm altim es,whilefinancialshocksare

im portantin exceptionaltim es.Foreach shock,wecontrasttheconsequencesofadopting

oneofthem acroprudentialschem eadopted forthedefinition ofthecredit-to-gdp ratio(1a

to3).Asobserved,therelativerankingofthepolicy schem eisnotaltered by thenatureof

shocksencountered in theeconom y,asthesolution based upon thereaction ofauthorities

tothefluctuationsin thenationalloan supplytoGDP dom inatesalltheotherpossibilities.

However,thevalueofthelossfluctuatesand itishigherforfinancialshocks.Furtherm ore,

a closerlook atthem acroprudentialparam etersshowsthatthenatureoftheshock a ects
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Table 5
Robustness check: opt imal monetary and macroprudent ial Policies condit ional on shocks

Monetary Macroprudent ial Loss
Policy Policy Union Core Periph

Scheme ρ φπ φ∆ y ρυc φc ρυp φp Lu Lc Lp
Suppl y Shocks

1.a Union-wide loan supply 0.94 5 0.5 0.82 0.30 0.41 3.86 1.3139 0.95417 1.8107
1.b Nat ional loan supply 0.94 5 0.5 0.95 2.72 0.86 2.58 0.0027 0.0041 0.0007
2.a Union-wide loan demand 0.94 5 0.5 0.90 3.54 0.39 0.50 1.3189 0.95679 1.819
2.b Nat ional loan demand 0.94 5 0.5 0.46 2.49 0.48 2.46 0.065797 0.04746 0.091119
3 Capital Inflows 0.94 5 0.5 0.81 3.63 0.43 0.98 1.9538 1.5535 2.5065

Demand Shocks
1.a Union-wide loan supply 0.99 1 0.5 0.66 3.07 0.62 2.16 0.20432 0.14956 0.27993
1.b Nat ional loan supply 0.99 1 0.5 0.94 2.52 0.64 2.52 0.0035 0.0039 0.0029
2.a Union-wide loan demand 0.99 1 0.5 0.58 2.61 0.39 2.37 0.2051 0.1504 0.2806
2.b Nat ional loan demand 0.99 1 0.5 0.05 2.35 0.80 2.69 0.7980 0.5139 1.1903
3 Capital Inflows 0.99 1 0.5 0.76 3.68 0.08 0.41 12.7015 11.5068 14.3513

Financial Shocks
1.a Union-wide loan supply 0 1.48 0.5 0.15 1.60 0.24 3.35 0.5895 0.4308 0.8086
1.b Nat ional loan supply 0 1.48 0.5 0.92 2.21 0.94 1.66 0.0023 0.0014 0.0035
2.a Union-wide loan demand 0 1.48 0.5 0.06 1.94 0.26 3.58 0.5900 0.4301 0.8107
2.b Nat ional loan demand 0 1.48 0.5 0.98 1.72 0.85 1.37 0.0054 0.0038 0.0077
3 Capital Inflows 0 1.48 0.5 0.30 0.47 0.96 4.63 2.6168 2.1119 3.3141

Not e: each group of shocks is composed of core and peripheral shocks and their associat ed cross-correlat ion. Supply shocks
group gathers product ivity shocks ηAi , t ; Demand shocks group gathers spending ηGi ,t , preferences η

U
i , t and investment η

I
i , t ;

Financial shocks gathers collateral crunch ηNi , t , r iskiness η
Q
i ,t and deposit cost -push ηDi , t innovat ions.

the contem poraneous policy stance ofregionalauthorities. As observed,forrealshocks,

the contem poraneousreaction ofcore countriesauthoritiestendsto be higherforsupply

shockswhileperipheralcountriesarem orereactivefordem and shocks.Thislatterfeature

isalso observed forexceptionaltim es.

5.3. Structural financial asymmetries

Table 6
Sensit ivity analysis of scheme ranking to financial st ructural asymmetries

Euro area loss L
1.a 1.b 2.a 2.b 3

Benchmark 5.4076 0.0071 5.4787 0.67336 19.7407
Firms rate of default 1− η̄Ep = 0.0125 6.6312 0.0078 6.6535 0.58638 22.6661
Share of illiquid banks λp = 0.48 6.0702 0.0078 6.3512 1.9242 21.7665
Corporate net wealth-to-assets rat io N̄p/ K̄ p = 0.2 7.4030 0.0070 7.3528 0.55023 22.8376
Bank leverage rat io BK c/ Āc = 0.06 6.5421 0.0163 6.5513 0.64037 19.651
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Third,we investigatewhetherstructuralasym m etriesa ectthe ranking ofthe m odel,

resultsarereported in Table6.In thebenchm arksetup developed in thepaper,weassum ed

that m ost ofthe endogenous variables in the determ inistic steady state were sym m etric

between countries.However this assum ption is questionable,in particular regarding the

asym m etriesin thefinancialsectorwhich m ay bean im portantfeatureform acroprudential

policym aking. Asa firstexercise,we exam ine whetherthe sym m etry assum ption on the

default rate ofentrepreneurs m atters for the schem e ranking. Since we cannot observe

the default rate ofentrepreneurs,we use as a proxy the share ofnon-perform ing loans

in the balance sheet ofbanks in BankScope database. W e find that the share ofnon-

perform ingloansison averagetwicehigherin Periphery and calibratethedefaulting share

ofentrepreneursaccordingly.W e find thatthisstructuralasym m etry doesnota ectthe

ranking,howeverweobserveasm allreduction ofthegap between thedem and-adjusted and

thesupply-adjusted m acroprudentialpolicy.W ealso investigatetheim plicationsofcross-

country heterogeneity in theshareofilliquid banksoperating in theinterbank m arket.W e

proxy this param eter through the num ber ofbanks borrowing on the unsecured m oney

m arketprovided by Garcia-de Andoain etal.(2014). W e find thaton average the share

ofbanksborrowing on the interbank m arketis25% higherin Periphery,we calibrate λP

accordinglyinourm odel.Thenew rankingobtainedfrom thenew setofsim ulationsshow no

im portantdi erence,exceptforthenationaldem and solution which becom eslesse cient

in stabilizing the credit-to-gdp ratio. W e also investigate the im plication ofasym m etric

steady stateleveragesoffirm sand ofbanksbetween countries.Corecountriesobserved a

lowernet-worth-to-assetratio than Peripheraleconom iesforfirm s,32 we take thisfeature

into accountby calibrating N̄p/ K̄ p at20% asin Italy. Forbanks,we use the ECB’sRisk

Assessm entIndicators(RAI)and find thatCore banksare lesscapitalized on average,in

particularbecauseofBelgium ,Germ any and Netherlands’slow equity to assetsratios.W e

calibrate the leverage ratio ofcore banksto 6% to incorporate thisstructuralasym m etry

and run thesim ulations.W eobservenoclearrankingchangeunderthesetwoasym m etries.

32There is a clear asymmetry between Core and Peripheral count ries in terms of debt -to-financial assets
rat ios. For instance, France had a rat io of 40%, Germany 60% and Netherlands 60% while Italy had 80%
and Spain 60%.
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Overall,theserobustnessexercisesconfirm thatthesestructuralaspectsdoesnota ectthe

ranking assecond orderstatisticsm inim ized in thelossfunction areratherindependentof

structuralasym m etries.

6. C onclusion

This paper shows that internationallending flows have m ixed e ects on the optim al

conductofm acroprudentialpolicy in theEurozone.Contrastingalternativerulesforcoun-

tercyclicalcapitalbu ers,ourresultssuggestthattargeting a nationalcredit-to-gdp ratio

should befavored tofederalaveragesasthisruleinducesbetterstabilizingperform ancesin

term sofoutputand loan volatility.Theim portantdivergencesin creditcyclesbetween core

and peripheralcountriesreported in the data require a nationalorientation ofm acropru-

dentialpolicytailored todom esticfinancialdevelopm ents.Ourresultshavealsounderlined

thereduced interestofliftingup m acroprudentialpolicym akingtothesupra-nationallevel.

Indeed,nationalcapitalbu ersreacting to the union-wide loan-to-GDP ratio lead to the

sam estabilization resultsthan theoneobtained underthenationalreaction when m utual

cross-borderlending reaches45% .However,even ifcross-borderlinkagesarehigh enough

tojustifytheim plem entation ofafederaladjusted solution,thereaction tonationallending

conditionsrem arkably rem ainsoptim al.In addition,wefind thatadjusting them acropru-

dentialinstrum entto capitalinflows is a prom ising toolforcountries experiencing loans

inflows.

The analysis ofcross-border lending on the conduct ofm acroprudentialpolicy is a

burgeoningresearcharea.Inthispaperwefocusedoncountercyclicalcapitalbu ers,andan

interesting question forfutureresearch isto evaluatehow thisresultfavoring self-oriented

m acroprudentialm easures m ay be a ected by the choice ofalternative m acroprudential

instrum ents.Theconstructionofanoriginalwelfareindex,thatfeaturesatrade-o between

m acroeconom icand financialstability,could beanextstep ofresearch.Finally,theanalysis

oftheCCB ratethroughaRam seyallocationproblem couldalsobepartofafutureresearch

agenda.
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A ppendix A . D ata sources

G rossdom estic product:m illionsofnationalcurrency,currentprices,quarterly lev-

els,seasonally adjusted - sources Eurostat. Private finalconsum ption expenditure:

m illionsofnationalcurrency,currentprices,quarterly levels,seasonally adjusted - sources

Eurostat.G ross fixed capitalform ation:m illionsofnationalcurrency,currentprices,

quarterly levels,seasonally adjusted - sources Eurostat. G D P deflator: Deseasonalized

using a multiplicative decom position - sources Eurostat. Loans to N on-Financialcor-

porations: Index ofNotionalStocks,Totalm aturity,Euro area (changing com position)

counterpart,Deseasonalized using a m ultiplicative decom position,m onthly data (aggre-

gated to getquarterly data)- sources ECB (internal backcasted series).Loans to M FIs:

Index ofNotionalStocks,Totalm aturity,Euro area (changing com position)counterpart,

Deseasonalizedusingam ultiplicativedecom position,m onthlydata(aggregatedtogetquar-

terly data) - sources ECB (internal backcasted series).B orrow ing cost:m onthly (taken

in average to getquarterly data),Creditand otherinstitutions(M FIexceptM M Fsand
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centralbanks);Loans up to 1 year;BS counterpart sector: Non-Financialcorporations

(S.11);Outstanding am ount - sources ECB (internal backcasted series). D eposit rate:

m onthly (taken in average to getquarterly data),Firm sand Households;- sources ECB

(internal backcasted series). M oney m arket rates: m oney m arket interest rates,one

yearm aturity,quarterly data - sources Eurostat.

A ppendix B . The non-banking part ofthe m odel

W e extend the m odelofPoutineau and Verm andel(2015)to accountforthe conduct

ofm acroprudentialpolicy in an heterogenousm onetary union such astheEuro Area.Our

m odeldescribesa m onetary union m ade oftwo asym m etric countries i {c, p} (where c

is for core and p for periphery). Each part i ofthe m onetary union is ofa relative size

ni.33 Asshown in Figure2,each country ispopulated by consum ers,interm ediateand final

producers,entrepreneurs,capitalsuppliersand a banking system .Regarding theconduct

ofm acroeconom icpolicy,weassum enationalfiscalauthoritiesand acom m on centralbank.

Theim plem entation ofthem acroprudentialpolicy isleftopen,and willbediscussed below

in anothersection.Ourm odelisconfronted tothedatausingBayesian econom etricsand it

encom passesseveralsourcesofrigiditiesto enhanceitsem piricalrelevance.Thesetofreal

rigiditiesaccountsforconsum ption habits,investm entadjustm entcostsand loan dem and

habits. Regarding nom inalrigidities,we account for stickiness in finalgoods prices and

loan interestrates.

Appendix B.1. Households and labor unions

Thepreferencesofthe j th household aregiven by:

Et
X ∞

s= 0
βτ exp(εUi ,t+ s)

�

log
�
Ci,t+ s − h

C
i Ci ,t− 1+ s

�
−

χ i
(1+ σHi )

H
1+ σHi
i ,t+ s

�

, (B.1)

where Et denotes the expectation operator,β (0,1) is the discount factor,param eter

σHi > 0 shapesthe utility function ofthe j th household associated to hoursworked Hi ,t.

33Normalizing the size of the monetary union to unity, the relat ive size of the core are is n and the
relat ive size of the peripheral area is 1− n.
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Theconsum ption indexCi ,t issubjectto externalhabitswith degreehCi [0;1)with Ci ,t− 1

the aggregate lagged consum ption,while χ i > 0 is a shift param eter allowing us to pin

down thesteady stateam ountofhoursworked.Thediscountfactorisa ected by a tim e-

preference shock εUi ,t following an AR(1)stochastic processthatexogenously changesthe

household’sintertem poralallocation ofconsum ption overthecycle.

Household j th period budgetconstraintisgiven by:

whi ,tHi ,t + D
d
i ,t− 1

�
1+ RDi ,t− 1

�

(1+ πCi ,t)
+ i ,t = Ci ,t + D

d
i ,t + t i ,t + pi ,tAC

D
i ,t . (B.2)

The incom e ofthe representative household is m ade of labor incom e with the desired

realwage whi ,t,
34 interest paym ents for deposit services Dd

i ,t and realearnings i ,t from

shareholdings offirm s and unions.The interest rate is deflated by the consum er price

inflation rate 1+πCi ,t = PCi ,t / P
C
i ,t− 1. The representative household spends this incom e on

consum ption,depositsand tax paym entsfora realam ountoft i ,t.Finally,weassum ethat

thehousehold hastopay quadraticadjustm entcoststobuy new deposits,35 thesecostsare

paid in term shom e goodswith relative price pi ,t = Pi ,t / PCi ,t where Pi ,t isthe production

priceindex ofhom eproduced goodswhilePCi ,t istheconsum ption priceindex.Households

consum eboth hom eand foreign goodsand theircorrespondingconsum ption basketfollows

a standard CES function:

Ci ,t =
��
1− αCi

�1/ µ
C(µ− 1)/ µhi ,t +

�
αCi
�1/ µ

C(µ− 1)/ µf i ,t

�µ/ (µ− 1)
, (B.3)

whereparam eterµ > 0 istheelasticity ofsubstitution between dom esticand foreign final

goodsand αCi [0,1/ 2]m easuresthefraction ofgoodsboughtabroad.Thecorresponding

priceindex is,PCi ,t = (
�
1− αCi

�
P1− µh,t + αCi P

1− µ
f ,t )1/ (1− µ).

Households delegate the wage negotiation process to unions.Households provide dif-

34As explained below, the desired wage is negot iated by a t rade union.
35This cost is almost neut ral on the dynamic of the model and is necessary to remove an unit root

component which is standardly induced by the internat ional nature of our model. See Schmit t -Grohé and
Uribe (2003) for an extensive discussion and solut ions regarding this issue. The funct ional form we choose
is: ACDi ,t (j ) = 0.5χD (D

d
i ,t (j ) − D̄ i )

2/ D̄ i , where D̄ i is the steady state level of deposits and χD > 0 is the
cost parameter.
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ferentiated labortypes,sold by laborunions to perfectly com petitive labor packers who

assem blethem in aCES aggregatorand sellthehom ogenouslabortointerm ediatefirm s.36

Unionsnegotiatetherealm argin between therealdesired wageofhouseholdswhi ,t and the

realm arginalproductoflaborWi,t / PCi ,t.Using a Calvo wagenom inalrigidity device,each

period a random fraction θWi ofunionsisunable to re-negotiate a new wage. Assum ing

thatthe trade union isable to m odify itswage with a probability 1− θWi ,the j
th union

choosesthenom inaloptim alwageW ∗
i ,t to m axim izeitsexpected sum ofprofits:

Et
X ∞

s= 0

�
θWi
�s

i ,t+ s

�
W ∗
i ,t

PCi ,t+ τ

sQ

k= 1

�
1+ πCi ,t+ k− 1

�ξWi − exp(εWi ,t+ s)w
h
i ,t+ s

�

Hi ,t+ s, (B.4)

where i ,t+ τ ishousehold’sstochasticdiscountfactor,εWi ,t isan ad-hoc wage-push shock to

therealwageequation followingan AR(1)processwhich capturesexogenousfluctuationsin

thewagem argin negotiated by unionsand a ectsin turn theproductivity oftheeconom y.

Appendix B.2. Firms

Interm ediatefirm sproducedi erentiated goods,decideon laborand capitalinputson

aperfectly com petitiveinputsm arketand setpricesaccordingtotheCalvom odel.The i th

firm hasthefollowing Cobb-Douglastechnology:

Yi ,t = exp(εAi ,t)
�
K u
i ,t

�α �
Hd
i ,t

�1− α
, (B.5)

whereYi,t isthestandard production function thatcom bines(utilized)physicalcapitalK u
i ,t,

labordem and H d
i ,t to household and (exogenous)technology ε

A
i ,t.Interm ediatefirm ssolve

a two-stage problem . In the firststage,taking the realinputpriceswi ,t and zi ,t asgiven,

firm srentinputsH d
i ,t and K

u
i ,t in aperfectly com petitivefactorm arketin ordertom inim ize

costssubjectto theproduction constraint(B.5)to determ inetherealm arginalcostmci ,t.

36Labor packers are perfect ly compet it ive and maximize profits, Wi ,t H d
i ,t − G(Wi ,t (j ) H i ,t (j )), under

their packing technology const raint , H i ,t = [(1/ ni )1/ �W G(H i ,t (j )
(�W − 1) / �W )]�W / (�W − 1) . Here, Wi ,t is the

product ion price, H d
i ,t is the labor demand and �W is a subst itut ion parameter. The first order condit ion

which determines the opt imal demand for the j t h labor type is, H i ,t (j ) = (1/ ni )(Wi ,t (j )/ Wi ,t )− �W H d
i ,t , j .

Thus the aggregate wage index of all labor types in the economy emerges from the zero-profit condit ion:
Wi ,t = [(1/ ni )G(Wi ,t (j )

1− �W )]1/ (1− �W ) .
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Inthesecond-stage,theinterm ediatefirm i setspricesaccordingtoaCalvom echanism .

Each period firm i is not allowed to re-optim ize its price with probability θPi but price

increasesby ξPi [0;1)with respectto thepreviousperiod’srateofpriceinflation,Pi,t =

(1+ πi ,t− 1)ξ
P
i Pi ,t− 1.The i th firm allowed tom odify itssellingpricewith aprobability 1− θPi

choosesP∗
i ,t to m axim izeitsdiscounted sum ofprofits:

Et
X ∞

s= 0

�
θPi
�s

i ,t+ s

�
P∗
i ,t

PCi ,t+ s

sQ

k= 1
(1+ πi ,t+ k− 1)

ξPi − exp(εPi ,t+ s)mci,t+ s

�

Yi ,t+ s, (B.6)

whereεPi ,t isan ad-hoc cost-push shock totheinflation equation followingan AR(1)process

which capturesexogenousinflation pressures.

Once goods are produced and prices are set,finalfirm s act as goods packers: they

com binedi erentiated goodsto producethehom ogenousfinalgood sold m ainly to house-

holds.37

Appendix B.3. Entrepreneurs

Thecapitalrequired by theinterm ediatefirm in theproduction processisfinanced by

an entrepreneur that belongs to the sam e business unit i. The balance sheet ofthe i th

entrepreneurisgiven by:

qi ,tK i ,t = L
H
i ,t + Ni ,t . (B.7)

DefiningQi,tK i ,t astheam ountofcapitaltobefinanced byentrepreneuri,qi ,t = Qi,t / PCi ,t is

therealshadow valueofcapitalgoods.Thisquantityqi ,tK i ,t isfinanced bytheentrepreneur

through two m eans: itsnetwealth Ni ,t and the realam ountborrowed from the banking

system ,LHi ,t+ 1. Form ally,loan dem ands are subject to externalhabits as follows: LHi ,t =

Ldi ,t − h
L
i (L

d
i ,t− 1 − L̄

d
i )with thehabitdegreeh

L
i [0,1),Ldi ,t− 1 theaggregateaveragelevelof

37Goods packers are perfect ly compet it ive and maximize profits, Pi ,t Y di ,t − G(Pi ,t (i ) Yi ,t (i )), under their

packing technology const raint , Ydi ,t = [(1/ ni )1/ �P G(Yi ,t (i )
(�P − 1) / �P )]�P / (�P − 1) . Here, Pi ,t is the produc-

t ion price, Y di ,t is the aggregate demand (or the resource const raint ) and �P is a subst itut ion param-
eter. The first order condit ion which determines the opt imal demand for the i t h good is, Yi ,t (i ) =
(1/ ni )(Pi ,t (i )/ Pi ,t )− �P Ydi ,t , i . Thus the aggregate price index of all variet ies in the economy emerges

from the zero-profit condit ion: Pi ,t = [(1/ ni )G(Pi ,t (i )
1− �P )]1/ (1− �P ) .
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loansofthepreviousperiod and L̄ di thesteadystatestockofloans.
38 Em pirically,firm sand

banksoperating in the Euro Area choose longerdebtm aturities than the standard one-

period contractusually used in realbusinesscyclem odels.Then theterm hLi L
d
i ,t− 1 allows

forslow adjustm entovertim eofthebalancesheetconstraint,to capturetheidea thatin

practiceborrowersdo notreadjusttheiroutstanding am ountofloansevery quarter.This

approach ofintroducing slow adjustm entofcreditisclose to Iacoviello (2015),em ployed

herein acontextofa financialacceleratorm odel.During phasesofrecession characterized

by assetprice collapsesofqi ,t,thisfriction preventsthe totalstock ofloansto fallatthe

sam e rate asthe price offinancialassets,thusm aking creditlessprocyclicalconsistently

with em piricalevidence.Sincethesehabitsdon’tdirectly a ectthefirstordercondition of

theentrepreneur(astheoverallproblem oftheentrepreneurcan beexpressed in term sof

physicalcapitaldirectly),theirim plicationson entrepreneurs’profitsisratherm inorbut

largeforfinancialinterm ediary facing a persistentdem and forloans.

Tointroducecorporatecross-borderlending,wefollow Poutineau and Verm andel(2015)

and Brzoza-Brzezina etal.(2015)by adopting a CES function thatbundlesdom esticand

foreign loanso ered by banksoperating in them onetary union:39

Ldi ,t =
��
1− αLi

�1/ υ �
Ldhi ,t

�(υ− 1)/ υ
+
�
αLi
�1/ υ �

Ldf i ,t
�(υ− 1)/ υ�υ/ (υ− 1)

. (B.8)

Here,param eter υ 0 isthe elasticity ofsubstitution between dom estic and foreign in-

terbank funds,αLi [0,1/ 2]representsthepercentageofcross-borderinterbank loan flows

in them onetary union and Ldhi ,t (resp.L
d
f i ,t)theam ountofdom estic(resp.foreign)loans

dem anded by borrowing entrepreneurs living in country i. As a consequence,the bor-

38In the est imat ion exercise, we use the total stock of loans, they are of different maturit ies implying a
st rong autocorrelat ion. Simply by int roducing loan demand habits, taking into account the high autocor-
relat ion of loans becomes tractable easily and does not change the steady state of the model. For instance
in 1999, loans with a maturity above one year represented 64% of the outstanding stock of loans in the
Eurosystem.
39Kollmann et al. (2011) provides a complementary way of int roducing cross-border lending through

global banks. However, this approach assumes a perfect credit market int regrat ion between Euro par-
t icipants that is not consistent with the data. Alternat ively, Dedola and Lombardo (2012) int roduce
cross-border loans through a port folio problem that requires a second order approximat ion to the policy
funct ion, which poses an issue when put t ing the model to the data.
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rowing cost is a CES aggregate ofhom e and foreign credit rates defined as: 1+PLi ,t =

((1− αLi )(1+ R
L
h,t)

1− υ + αLi (1+ R
L
f ,t)

1− υ)1/ (1− υ).

Regarding financialfrictions, we reinterpret the financialaccelerator à la Bernanke

et al.(1999) from a banking perspective in order to have state-contingent lending rates

needed to introducem acroprudentialm easures.40 To do so,wefollow them odelling device

ofPoutineau and Verm andel(2015) that provides a m icro-foundation for the financial

acceleratorm echanism relyingonbiasedexpectationsofentrepreneursinsteadofastandard

m oralhazard problem .Theinvestm entprojectsundertaken by theentrepreneurarerisky

and di erwith respecttotheirindividualreturns.Tom odelindividualriskiness,weborrow

from Bernankeetal.(1999)and assum ethateach projecthasan individualreturn equalto

ω
�
1+ Rki ,t

�
,i.e. thattheaggregatereturn ofinvestm entprojectsin theeconom y 1+ Rki ,t

ism ultiplied by a random valueω.Therepresentativeentrepreneurconductsa m assω of

diversified investm entprojectsand theprofitoftheωt h investm entprojectisgiven by:

E
i ,t (ω)= ωEt

�
1+ Rki ,t+ 1

�
qi ,tK i ,t (ω)−

�
1+ PLi ,t

�
LHi ,t (ω), (B.9)

In orderto acquire a loan,entrepreneurshave to engage in a financialcontractbefore

therealization ofω.41 Afterengaging in thefinancialcontract,entrepreneursrecognizeex

post the value ofωCi ,t which separatesthe defaultspace (ω < ωCi ,t)from the space ofgains

(ω ωCi ,t).Thereby theex post threshold separating thedefaultspacefrom theprofitable

spaceiscom puted trough thezero profitcondition on Equation B.9:

ωCi ,t
�
1+ Rki ,t

�
qi ,t− 1K i ,t− 1 =

�
1+ PLi ,t− 1

�
LHi ,t− 1. (B.10)

Following Helpm an etal.(2004),we adaptthe Pareto distribution to m odelthe pro-

40The pathbreaking contribut ion of Bernanke et al. (1999) focuses on the demand side of credit market
through a moral hazard problem but neglects its supply side and in turn the possibility to int roduce
macroprudent ial measures that could affect the macroeconomic outcome. Their model is closed assuming
that lending rates are pre-determined.
41The individual return ω is also referred as an idiosyncrat ic shock in the financial accelerator literature.

The debt cont ract is conclude before the idiosyncrat ic shock is recognized which generates unexpected
losses for the ent repreneurs and lenders.
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ductivity offirm s in a financialcontext. Investm ent projects are drawn from a Pareto

distribution ω P(κ)with supportω [ωmin,+ )where κ > 1 isthe shape param eter

and ωmin > 0 isthelowerbound ofthedistribution.Given thecharacteristicsofthedistri-

bution,itispossibletocom putetheshareofprofitableprojects,denoted ηEi ,t = (ωmin/ωCi ,t)
κ,

and theiraggregatevalue,ω̄i ,t = κ/ (κ− 1)ωCi ,t.
42 W hen theentrepreneurisunderwaterwith

an investm entprojectvaluebelow thecostofcredit,sheendogenously defaultson herloan

and abandonsherinvestm entproject.

To introduce a financialaccelerator m echanism ,we assum e that entrepreneurs have

shortterm distorted expectationsregarding the aggregate profitability oftheiraggregate

investm ent projects ω̄i ,t,thus creating a financialfriction in the econom y with dynam ic

propertiesclosetoBernankeetal.(1999).Theperceived ex ante valueofprofitableprojects

ω̄i ,t+ 1 isdefined by theCES function:43

g (̄ωi ,t+ 1)= ω̄1/ (1− κ i )i (̄ωi ,t+ 1)
κ i / (κ i − 1) , (B.11)

whereκ i [0,1)istheelasticity oftheexternalfinanceprem ium and ω̄i isthesteady state

ofω̄i ,t+ 1.Duringphasesofexpansion characterized by high aggregatereturnsabovethethe

steady state ω̄i ,t+ 1 > ω̄i,entrepreneurs’forecastsregarding the aggregate profitability are

optim isticwith g (̄ωi ,t+ 1)> ω̄i ,t+ 1.Incontrastforlow expectedrealizationsofω̄i ,t+ 1 below its

steady state,entrepreneurstend to hold pessim isticexpectationsabouttheirreturnswith

g (̄ωi ,t+ 1)< ω̄i ,t+ 1.Finally in steadystate,thereisnoexpectation bias,g (̄ωi)= ω̄i.44 Every

42Using the characterist ics of the Pareto dist ribut ion F (ω), the dist ribut ion of stochast ic investment
projectsωhasa posit ivesupport , is independent ly dist ributed (acrossent repreneursand t ime) with unitary
mean E [ω] = 1, and density funct ion f (ω). Investment projects above the cut -off value, ω > ωCi ,t , have
posit ive profits ΠEi ,t (ω) 0 which allows entrepreneurs to repay its loans to the bank. The share of
profitable projects 1 − F (ω) is computed as, ηE = Pr

�
ω ωC

�
=
R∞
ωC f (ω)dω = (ωmin /ωC )κ while

the condit ional expectat ion of ω when entrepreneur’s project is gainful is, ηE ω̄ =
R∞
ωC ωf (ω) dω with

ω̄= E
�
ω|ω ωC

�
= κ

κ − 1ω
C .

43There is a rich literature providing evidence that ent repreneurs are more opt imist ic compared to the
general populat ion; for some recent studies see, e.g., Landier and Thesmar (2009), Puri and Robinson
(2013), Dawson and Henley (2013).
44It is important to st ress that funct ion g(ω̄i ,t + 1) only affects expected returns of Et {ω̄i ,t + 1}, while for

ex post values (e.g., ω̄i ,t and ω̄i ,t− 1) the ent repreneur recorgnizes the t rue value of her return.
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shock driving financialreturnsaboveorbelow thesteady statewilltriggeran acceleration

ofthebusinesscyclesthrough thesebiased expectationsforκ i > 0.

Aggregating allprofitable investm ent projects (i.e. above ωCi ,t) that the entrepreneur

doesnotabandon,itchoosesa capitalvalueofK i ,t thatm axim izesits profit(beforethe

realization ofω)defined as:

E
i ,t = Et

�
ηEi ,t+ 1

�
g (̄ωi ,t+ 1)

�
1+ Rki ,t+ 1

�
qi ,tK i ,t −

�
1+ PLi ,t

�
LHi ,t
��
. (B.12)

Taking the first order condition com bined with Equation B.10,the financialaccelerator

principleem ergesthrough theexternalfinanceprem ium expression:

1+ Rki ,t+ 1
1+ PLi ,t

=
1

ω̄

�
κ

κ − 1

�

1−
Ni ,t
qi ,tK i ,t

��κ i
. (B.13)

Up toa firstorder,r̂ ki ,t+ 1 − p̂
L
i ,t κ i (̂qi ,t + k̂i ,t − n̂i ,t), thespread isapositivefunction tothe

capital-to-netwealth ratio.Underthisassum ption,thebalancesheetofborrowersa ects

the borrowing conditionsand m agnifiesthe financialcycle. The size ofthe acceleratoris

determ ined by thedegreeofbiasκ i ofborrowers.

Finally,the law ofm otion ofthe netwealth isgiven by profitobtained atthe end of

period t-1:

Ni ,t =
�
1− δE

�
E
i ,t− 1 exp(ε

N
i ,t), (B.14)

whereδE [0,1]isthenetwealth decay thatisrelated to thedefaultrateofentrepreneur

(endogenously determ ined in steady state) and εNi ,t is an AR(1) shock to the net wealth

ofentrepreneurswhich capturesexogenousvariationsin stock pricesand the dem and for

loans.

Appendix B.4. Capital goods producers

Thecapitalproducerrentsand refurbishesthecapitalstock used by interm ediatefirm s

and financed by theentrepreneurson a com petitivem arket.Thelaw ofm otion ofphysical
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capitalisdeterm ined by:

K i ,t =
�
1− S((exp(εIi ,t)I i ,t / I i ,t− 1)

�
I i ,t + (1− δ)K i ,t− 1, (B.15)

where εIi ,t isa stochastic processwhich capturesexogenouschangesin assetprice fluctu-

ationsand the adjustm entcostfunction taken from Sm etsand W outers(2007)readsas:

S(xt)=χ Ii (xt − 1)2 with χ Ii 0istheadjustm entcost.In addition,investm entiscom posed

ofdom esticand foreign goodssum m arized by a CES function:

I i ,t = (
�
1− αIi

�1/ µ
I (µ− 1)/ µhi ,t +

�
αIi
�1/ µ

I (µ− 1)/ µf i ,t )µ/ (µ− 1) , (B.16)

where param eter µ is the elasticity ofsubstitution between dom estic and foreign goods

in investm ent and αIi m easures the degree ofinvestm ent diversification in the m onetary

union between hom e and foreign countries. The corresponding price index ofinvestm ent

is,PIi ,t = (
�
1− αIi

�
(Ph,t)

1− µ + αIi (Pf ,t)
1− µ)1/ (1− µ).

Therepresentativecapitalsupplierchooses I i ,t to m axim izeitsrealdiscounted profits:

m ax
{ I i , t }

Et
X ∞

s= 0
i ,t+ s

�
qi ,t+ s

�
1− S(exp(εIi ,t)I i ,t / I i ,t− 1)

�
− pIi ,t+ s

�
I i ,t+ s, (B.17)

whereqi ,t = Qi,t / PCi ,t standsfortherealshadow valueofinvestm entgoodsand pIi ,t = P
I
i ,t / P

C
i ,t

istherelativepriceofinvestm entgoods.

Finally regarding capitalutilization,theoptim alrateofutilization isgiven by:45

a0(ui ,t)= Zi ,t , with a(ui ,t)= Z̄ (ui ,t − 1)+ 0.5ψi / (1− ψi)Z̄ (ui ,t − 1)2 , (B.18)

whereψi (0,1)isthe elasticity ofutilization costswith respectto capitalinputs.Asin

Sm etsand W outers(2003,2007),capitalrequiresoneperiod to besettled so thatutilized

capitalisdefined as,K u
i ,t = ui ,tK i ,t− 1.

45When households do not take capital supply decisions, the opt imal capital ut ilizat ion is determined
by, maxu i , t (Zi ,t ui ,t − a (ui ,t )) K i ,t .
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Appendix B.5. Monetary and fiscal policy

Nationalgovernm entsfinance public spending by charging lum p-sum taxesto house-

holds t i ,t. The totalam ountoftaxesfinance public spending withoutcontracting public

debt such that the public budget is always balanced. As in Sm ets and W outers (2003,

2007),the levelofspending Gi,t isexogenously determ ined asa constantfraction ofout-

putgȲ exp(εGi ,t),wheregȲ isthefix com ponentand εGi ,t isthetim e-varying com ponentof

spending thatfollowsa standard AR(1)shock process.Param eterg [0,1)isthe steady

state spending-to-GDP ratio.It is im portant to m ention that we om it seigniorage rev-

enuesthatcould begiven tofiscalauthoritiesastheirinclusion generatesan explosivepath

ofdeposits.46 This could be a lim itation ofour m odel,however Leeper (1991) indicates

seignioragerepresentsasm allfraction ofgovernm entrevenuesfordeveloped econom iesthus

showing thatitsom ission doesnotseem to beim portantfortheanalysisconducted here.

Concerning federalm onetary policy,the generalexpression ofthe interestrule im ple-

m ented by them onetary union centralbank followsthelinearrule:

Rt − R̄ = ρ
�
Rt− 1 − R̄

�
+ (1− ρ)(φππCt + φ∆ y (Yt − Yt− 1))+ εRt , (B.19)

whereεRt isam onetarypolicyshockcom m on tothem onetaryunion m em bers,φ
π 1isthe

inflation targetparam eter,φ∆ y is the GDP growth target.Asm onetary policy responds

to the aggregate evolution ofinflation and activity in the m onetary union,recallthat

πCt = ncπCc,t + npπ
C
p,t and Yt = ncYc,t + npYp,t.

Appendix B.6. Stochastic shock processes

To be in line with the benchm ark m odelofSm ets and W outers (2003) for the Euro

Area,allourrandom processesfollowsan AR(1)specification.Each partoftheEurozone

includes10 country-specificshocksfors = {A,G,U, I , P,W,N,D,B , L} such that:

εsi ,t = ρsi ε
s
i ,t− 1 + ηsi ,t with η

s
i ,t N(0,σsi ). (B.20)

46This assumpt ion is common for recent macroeconomic models as underlined by Curdia and Woodford
(2011). We refer to Gerali et al. (2010) or Adam (2011) for macro-models without seignioriage.
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Finally both partofthem onetary union area ected by a com m on m onetary policy shock

in Equation B.19 defined as,εRt = ρRεRt− 1 + ηRt with ηRt N(0,σR). M arkupsshocksfor

m = {P,W,D} arenorm alized toone,asim plicitly assum ed in Sm etsand W outers(2003),

by dividing theirstochastic innovationsηmi t by the elasticity ofthe linearNew Keynesian

Phillipscurve,(1-βθmi )(1-θ
m
i )/θ

m
i .

Appendix B.7. Aggregation and market clearing

Thegeneralequilibrium ofthem odelissetasfollows.After(i)aggregating allagents

andvarietiesintheeconom y,(i i)im posingm arketclearingforallm arkets,(i i i)substituting

therelevantdem and functions,(i v)norm alizing thetotalsizeofthem onetary union (nc +

np = 1)such thatthesizeofthecorearea isn and theperipheralarea sizeis1− n,weget

thegeneralequilibrium conditionsofthem odel.W ecan expresstheaggregation function

ofvariable X t (x)as: G (X i,t (x))=
Rn
0 X i ,t (x)dx for i = c and G (X i ,t (x))=

R1
n X i ,t (x)dx

for i = p.

Thus,replacing the dem and functions offoreign and hom e goods (consum ption and

investm ent),wefinally obtain thehom efinalgoodsm arketequilibrium :

Yc,t /
P
c,t =

�
1− αCc

��
Pc,t / P

C
c,t

�− µ
Cc,t +

�
1− αIc

��
Pc,t / P

I
c,t

�− µ
I c,t

+ (1− n)/ n
�
αCp
�
Pc,t / P

C
p,t

�− µ
Cp,t + αIp

�
Pc,t / P

I
p,t

�− µ
I p,t
�

+ a(uc,t)K c,t− 1 + gȲ exp(εGc,t)+ AC
D
c,t ,

(B.21)

where P
i ,t = G (Pi ,t (i)/ Pi ,t)

− �P denotesthepricedispersion term ,which isinduced by the

assum ed natureofpricestickiness.

Concerningthecorporateloanm arket,recallthatentrepreneursborrow todom esticand

foreign bankswith varieties b produced by liquid illiquid banks,leading to the following

equilibrium foreach country:

Lsc,t /
L
c,t =

�
1− αLc

��
(1+ RLc,t)/ (1+ P

L
c,t)
�− ν

Lc,t

+ n/ (1− n)αLp
�
(1+ RLc,t)/ (1+ P

L
p,t)
�− ν

Lp,t ,
(B.22)

where L
i ,t isthecreditratedispersion term .
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Turning to theinterbank m arket,theperfectcom petition involvesno interestratedis-

persion between loan varieties.Itclearswhen thefollowing condition between liquid banks

and hom eand foreign illiquid banksholds:

I B sc,t(1− λ)/ λ =
�
1− αI Bc

��
(1+ RI Bc,t )/ (1+ P

I B
c,t )
�− ξ

I B dc,t

+ n/ (1− n)αI Bp
�
(1+ RI Bc,t )/ (1+ P

I B
p,t )
�− ξ

I B dp,t
(B.23)
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Figure B.6: Prior and posterior dist ribut ions of st ructural parameters.
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Table B .7
Prior and Posterior dist ribut ions of st ructural parameters and shock processes.

Parameter Prior dist ribut ions Posterior dist ribut ion [5%:95%]

Shape[mean;st d] CORE PERIPHERY EURO

shock st andar d deviat ions

σAi Product ivity I G[0.10,2.00] 0.82 [0.64:1.00] 0.79 [0.43:1.11] -
σGi Government spending I G[0.10,2.00] 1.43 [1.20:1.65] 1.39 [1.15:1.63] -
σUi Preferences I G[0.10,2.00] 1.24 [0.76:1.73] 1.52 [0.98:2.06] -
σIi Investment costs I G[0.10,2.00] 2.55 [1.83:3.26] 2.57 [1.78:3.47] -
σPi Firms markup I G[0.10,2.00] 0.10 [0.06:0.14] 0.29 [0.17:0.41] -
σWi Unions markup I G[0.10,2.00] 0.45 [0.33:0.57] 0.71 [0.58:0.85] -
σNi Firms net wealth I G[0.10,2.00] 0.36 [0.28:0.45] 0.37 [0.26:0.47] -
σDi Deposit markdown I G[0.10,2.00] 0.30 [0.23:0.37] 0.64 [0.48:0.79] -
σBi Bank liabil it ies I G[0.10,2.00] 5.89 [4.63:7.10] 9.75 [7.95:11.57] -
σLi Credit markup I G[0.10,2.00] 2.31 [1.78:2.81] 2.09 [1.61:2.57] -
σR Monetary policy I G[0.10,2.00] - - 0.09 [0.07:0.10]

shock pr ocess ar (1)

ρAi Product ivity B[0.50,0.20] 0.98 [0.97:0.99] 0.96 [0.91:1.00] -
ρGi Government spending B[0.50,0.20] 0.87 [0.82:0.93] 0.63 [0.44:0.82] -
ρUi Preferences B[0.50,0.20] 0.29 [0.08:0.49] 0.82 [0.67:0.96] -
ρIi Investment costs B[0.50,0.20] 0.79 [0.70:0.88] 0.68 [0.50:0.90] -
ρPi Firms markup B[0.50,0.20] 0.99 [0.99:1.00] 0.76 [0.54:0.95] -
ρWi Unions markup B[0.50,0.20] 0.49 [0.21:0.77] 0.16 [0.02:0.30] -
ρNi Firms net wealth B[0.50,0.20] 0.86 [0.81:0.90] 0.91 [0.87:0.95] -
ρDi Deposit markdown B[0.50,0.20] 0.88 [0.84:0.93] 0.90 [0.84:0.95] -
ρBi Bank liabil it ies B[0.50,0.20] 0.94 [0.90:0.99] 0.96 [0.93:0.99] -
ρLi Credit markup B[0.50,0.20] 0.71 [0.55:0.86] 0.68 [0.54:0.82] -
ρR Monetary policy B[0.50,0.20] - - 0.36 [0.25:0.48]

int er nat ional shock cor r el at ion
cor r At Product ivity N [0.20,0.20] - - 0.20 [0.01:0.40]
cor r Gt Government spending N [0.20,0.20] - - 0.13 [-0.06:0.33]
cor r Ut Preferences N [0.20,0.20] - - 0.07 [-0.12:0.26]
cor r It Investment costs N [0.20,0.20] - - 0.45 [0.28:0.63]
cor r Pt Firms markup N [0.20,0.20] - - 0.28 [0.10:0.47]
cor r Wt Unions markup N [0.20,0.20] - - 0.24 [0.08:0.42]
cor r Nt Firms net wealth N [0.20,0.20] - - 0.33 [0.15:0.51]
cor r Dt Deposit markdown N [0.20,0.20] - - 0.68 [0.56:0.81]
cor r Bt Bank liabil it ies N [0.20,0.20] - - 0.00 [-0.21:0.22]
cor r Lt Credit markup N [0.20,0.20] - - 0.81 [0.72:0.90]

st r uct ur al par amet er s
σHi Labour disut ility G[2.00,0.50] 0.79 [0.41:1.15] 1.96 [1.17:2.73] -
hCi Consumpt ion habit s B[0.70,0.10] 0.55 [0.42:0.69] 0.48 [0.34:0.62] -
θPi Calvo price B[0.50,0.10] 0.72 [0.67:0.78] 0.72 [0.62:0.82] -
ξPi Price indexat ion B[0.50,0.15] 0.22 [0.08:0.37] 0.23 [0.07:0.38] -
θWi Calvo wage B[0.50,0.10] 0.85 [0.79:0.91] 0.89 [0.85:0.93] -
ξWi Wage indexat ion B[0.50,0.15] 0.51 [0.35:0.67] 0.18 [0.10:0.25] -
θEi Employment elast icity B[0.50,0.10] 0.84 [0.81:0.86] 0.52 [0.18:0.74] -
θLi Calvo credit rat e B[0.50,0.10] 0.71 [0.64:0.78] 0.74 [0.69:0.79] -
θDi Calvo deposit rate B[0.50,0.10] 0.79 [0.76:0.81] 0.73 [0.69:0.77] -
χ Ii Investment costs N [0.50,1.50] 6.59 [4.63:8.41] 7.83 [5.08:10.3] -
ψi Ut i l izat ion elast icity B[0.50,0.10] 0.71 [0.62:0.80] 0.70 [0.58:0.82] -
κ i Ext ernal finance elast icity B[0.05,0.02] 0.13 [0.06:0.19] 0.09 [0.05:0.13] -
hLi Loan demand habit s B[0.50,0.20] 0.79 [0.70:0.89] 0.91 [0.85:0.97] -
hBi Interbank habit s B[0.50,0.20] 0.28 [0.07:0.48] 0.14 [0.02:0.26] -
αCi Goods market openness B[0.12,0.05] 0.08 [0.04:0.13] 0.14 [0.07:0.22] -
α Ii Inv. market openness B[0.08,0.03] 0.05 [0.02:0.09] 0.08 [0.03:0.13] -
αLi Credit market openness B[0.10,0.04] 0.05 [0.02:0.08] 0.12 [0.05:0.18] -
αBi Interbank openness B[0.20,0.05] 0.38 [0.30:0.46] 0.32 [0.24:0.4] -
µ Subst it utability goods G[1.50,0.50] - - 1.42 [0.99:1.83]
ρ MPR smoothing B[0.50,0.20] - - 0.84 [0.80:0.89]
φπ MPR inflat ion N [2.00,0.15] - - 1.65 [1.37:1.92]
φ∆ y MPR GDP growth N [0.12,0.05] - - 0.08 [0.03:0.12]

Marginal log-likelihood -1199.2
Not e: I G denotes t he Inverse Gamma dist ribut ion, B t he Beta, N the Normal, G the Gamma.
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