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A bstract

Thi s paper questi ons the rol e ofcross-border l endi ng i n the defini ti on ofnati onalm acroprudenti alpol i ci esi n the European M onetary U ni on.W e bui l d and esti m atea two-country D SG E m odelwi th corporate and i nterbank cross-border l oans,C ore-Peri phery di vergi ng financi alcycl es and a nati onali m pl em entati on of coordi nated m acroprudenti alm easures based on C ountercycl i calC api tal B u ers. W e get three m ai n resul ts. Fi rst, targeti ng a nati onal credi t-to-G D P rati o shoul d be f avored to federal averages as thi s rul e i nduces better stabi l i zi ng perform ances i n f ront ofi m portant di vergences i n credi t cycl es between core and peri pheralcountri es. Second,pol i ci es reacti ng to the evol uti on ofnati onalcredi t suppl y shoul d be f avored as the transm i ssi on channelof m acroprudenti alpol i cy di rectl y i m pacts the m argi nalcost ofl oan producti on and,by so,financi ali nterm edi ari es. T hi rd, the i nterestofl i f ti ng up m acroprudenti alpol i cym aki ng to the supra-nati onall evelrem ai ns questi onabl e f or adm i ssi bl e val ue ofi nternati onall endi ng between Eurozone countri es. Indeed,nati onalcapi talbu ersreacti ng to the uni on-wi de l oan-to-G D P rati o onl y l ead to the sam e stabi l i zati on resul ts than the one obtai ned underthe nati onalreacti on i fcross-border l endi ng reaches 45% . H owever,even i fcross-border l i nkages are hi gh enough to justi f y the i m pl em entati on ofa federaladjusted sol uti on,the reacti on to nati onall endi ng condi ti ons rem ai ns rem arkabl y opti m al .

Introduction

The di srupti on offinanci alrel ati onsthatf ol l owed the 2007 subpri m ecri si ssetthe basi s f or the adopti on of m acroprudenti al pol i ci es i n m ost countri es. 1 In the Euro A rea, the i m pl em entati on ofsuch m easuresrem ai nsfragm ented al ong nati onall i nesw hi l e the coordinati on and i nternal i zati on ofcross-borderspi l l oversare achi eved through the acti onsofthe European System i cR i sk B oard (ESR B ,henceforth). T hi sf ederalorgani zati on accountsfor tw o conflicti ng features ofthe Eurozone that can be approached by contrasti ng core and peri pheralcountri es. 2 Panel(a) ofFi gure 1 show s that financi alcycl es (as m easured by the credi t to G D P rati o i n percentage devi ati on from H P trend) rem ai n cl earl y nati onal , whi ch m i l i tates for a decentral i zed defini ti on and i m pl em entati on ofm acroprudenti alm easures. H ow ever,asreported i n panel(b)ofFi gure 1,these two regi onsare cl osel y l i nked by cross-border banki ng acti vi ti es (as m easured by the share ofl oans l ent to a f orei gn agent resi di ng i n another Euro A rea country) and the i nternati onalspi l l overs ofnati onalm acroprudenti alpol i ci es m ay be harm fulfor the m onetary uni on. T he rem ai ni ng uncertai nti es on undesi rabl e si de-e ects of sel fori ented m acroprudenti alpol i ci es have thus put gl obal banks at a centralstage i n the on-goi ng debate rel ated to the conduct ofm acroprudenti al pol i ci es. 3 Thi s paper questi ons how si zabl e cross-border l endi ng flow s shoul d be treated i n the defini ti on of nati onal m acroprudenti al pol i ci es i n the Euro A rea. W e m ore parti cul arl y assess w hether cross-border bank l endi ng shoul d expl i ci tl y be consi dered i n the setti ng of coordi nated nati onalm acroprudenti alm easuresorw hethernati onalregul atorsshoul d onl y f ocus on the sol e nati onalfinanci al stance to contri bute to the financi al stabi l i ty of the Eurozone.

1 In a nutshell, macroprudent ial policy aims at completing monet ary policy t o enhance t he resilience of the financial syst em and cont ain t he procyclicality of financial fact ors on act ivity. 2 In the first group we aggregat e dat a for count ries wit h a current account surplus and low government bond yields over t he sample period (Aust ria, Belgium, Germany, Finland, France, Luxembourg and Net herlands), while in t he second group, we aggregat e dat a for count ries wit h a current account deficit and high government bond yields over t he sample period (Spain, Greece, Ireland, It aly and Port ugal).

3 For example, regarding issues relat ed t o macroprudent ial policy wit h global banking, we refer t o t he IMF (2013, key issues, p31) Not e: Cross-border lending refers t o any fi nancing arrangement t hat crosses nat ional borders bet ween a domest ic bank and a foreign borrower. T he share of cross-border loans is comput ed here as t he rat io bet ween loans t o euro area excluding t he domest ic area and t he loans t o euro area (i.e. cross-border loans bet ween core count ries are included in t he calculat ion of t he share of int ernat ional loans). Sources: ESRB and ECB st at ist ics. Verm andel(2015) -f eaturi ng cross-border banki ng on the corporate and i nterbank l oan m arkets 4 -to account for bank capi talregul ati on and thus to contrast the e ecti veness of m acroprudenti alpol i cy from banki ng autarky to perfect i ntegrati on. Second,i n l i ne w i th the actualorgani zati on ofm acroprudenti alpol i cy, 5 we f ocus on the joi nt-opti m i zati on of m acroprudenti alpol i cy rul esi n each country usi ng the countercycl i calcapi talbu er(C C B, henceforth) rate as an i nstrum ent. T hi s sol uti on has becom e one ofthe l eadi ng facets of prudenti alregul ati on si nce the adopti on ofB aselIIIaccords (2010)by bui l di ng up a bank capi talbu erduri ng peri odsofexcessi ve credi tgrowth thatcan be rel eased w hen system i c ri sks abate. T he i nternati onaldi m ensi on ofbanks o ered by our setti ng al l ows us to contrastdi erentCCB rul es based on: (i )the f ederalor the nati onalcredi t-to-gdp targeti ng, $ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7

(ii )the l oan dem and (f rom firm s) or suppl y (f rom banks) to G D P targeti ng,and (iii )the l oan i nflow s-to-G D P rati o targeti ng as envi saged by R ey (2015).

T he m ethodol ogy em pl oyed i n thi s paper com pri ses three steps. Fi rst, w e bui l d and esti m atea two-country D SG E m odelforthe Euro A rea w i th onl y m onetary pol i cy (asthere are no observati ons for an esti m ati on of a m acroprudenti al rul e). Second, we com pute the opti m alpol i cy rul es (both m onetary and m acroprudenti alpol i cy) gi ven the esti m ated param eters assum i ng a two-stage gam e w here m onetary pol i cy i s the l eader.6 Thi rd,we exam i nei m pl i cati onsofcross-borderl endi ng on theopti m aldesi gn ofm acroprudenti alrul es across country m em bers of the Eurosystem usi ng the opti m alm onetary pol i cy rul e as a benchm ark.

The m ai n resul t ofthe paper suggests that sel fori ented m acroprudenti alnati onalpol ici es reacti ng to the evol uti on ofhom e country l oan creati on shoul d be f avored even w i th hi gh am ounts ofcross-border l endi ng flow s: Fi rst,targeti ng a nati onalcredi t-to-gdp rati o shoul d be f avored to federalaverages as thi s rul e i nduces better stabi l i zi ng perform ances i n f ront of i m portant di vergences i n credi t cycl es between core and peri pheralcountri es.

Second,pol i ci esreacti ng to the evol uti on ofnati onalcredi tsuppl y shoul d bef avored asthe transm i ssi on channelofm acroprudenti alpol i cy di rectl y i m pactsthe m argi nalcost ofl oan producti on and, by so, financi ali nterm edi ari es. T hi rd, the i nterest of l i fti ng up m acroprudenti al pol i cym aki ng to the supra-nati onal l evel rem ai ns questi onabl e f or adm i ssi bl e val ue ofi nternati onall endi ng betw een Eurozone countri es. Indeed,nati onalcapi talbu ers reacti ng to the uni on-wi de l oan-to-G D P rati o onl y l ead to the sam e stabi l i zati on resul ts than the one obtai ned under the nati onal reacti on i f cross-border l endi ng reaches 45% .

H owever,even i fcross-border l i nkages are hi gh enough to justi f y the i m pl em entati on ofa f ederaladjusted sol uti on,the reacti on to nati onall endi ng condi ti ons rem ai ns rem arkabl y opti m al .

A ddi ti onal l y,we outl i ne som e parti cul ari ti es regardi ng the conduct ofm acroprudenti al $ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7 pol i ci es for peri pheralcountri es. W e find that adjusti ng the m acroprudenti ali nstrum ent to capi tali nflow s-to-G D P i s a prom i si ng toolfor these countri es that have experi enced a l arge am ountofl oan i nflow s. Furtherm ore,di sentangl i ng the dem and/suppl y ofcredi thas i m pl i cati ons form acroprudenti alpol i cym aki ng as i ti spref erabl e to targetcredi tsuppl i ers f or core countri es and borrow ers for peri pheraleconom i es.

O urapproach i spartl y rel ated to a set ofpapers exam i ni ng m acroprudenti alm easures and m acroprudenti alpol i cy usi ng l oss functi ons. A s a key contri buti on to the l i terature, they suggest that ti m e-varyi ng capi talrequi rem ents can i m prove m acroeconom i c stabi l i ty by supporti ng m onetary pol i cy acti ons.O uranal ysi scan thusbeconsi dered asan extensi on to these papers,by accounti ng for the heterogenei ty between Euro A rea parti ci pants and the exi stence ofnati onalm acroprudenti alpol i ci es w i th cross-border spi l l overs.

O ur paper al so contri butes to m acroprudenti alpol i cy anal ysi s i n open econom i es. A s an exam pl e,Q ui nt and R abanal(2014) account for financi alasym m etri es between parti cipati ng countri es and focuson the i nteracti on between financi aland housi ng cycl es w i thout consi deri ng cross-border flow s betw een countri es. B y om i tti ng cross-border l endi ng,they natural l y find that there are no i m portantspi l l over e ects ofregul ati on from one m em ber state to anothervi a an esti m ated two-country D SG E m odelofthe Eurozone.A ddi ti onal l y, Jeanne (2014)em pl oysa stati c open econom y m odelto eval uate the e ecti venessofm acroprudenti aland capi talcontrolm easures. C ontrary to Q ui nt and R abanal(2014),he finds that these prudenti alpol i ci es generate i m portantgl obalspi l l overs even w i th i nternati onal coordi nati on.

The paperi sorgani zed as fol l ow s: Secti on 2 descri besthe financi alsectorofthe m odel .

Secti on 3 takesthem odelto thedata.Secti on 4 di scussesthe perform anceofm acroprudenti alpol i cy. Secti on 5 provi des a sensi ti vi ty anal ysi s to assess the robustness ofour resul ts.

Secti on 6 concl udes.
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2. T he financialsector T he econom y i scom posed oftw o countri esofunequalsi ze and popul ated by househol ds, firm s and banks. T hi s first secti on descri bes the banki ng com ponent ofthe m odelw hi l e the rest ofthe fram ew ork (standard to the l i terature) i s presented i n appendi x.

The financial sector in a nutshell

Fi gure 2 provi desa broad pi cture ofthe financi alsectorand sum m ari zes i ts i nteracti on wi th the rest ofthe econom y. B anks engage i n i nterbank l endi ng/borrow i ng rel ati ons and provi de corporate l oans to entrepreneurs and deposi t servi ces to househol ds. A uthori ti es a ectthe deci si onsofthe banki ng sectorthrough m onetary and m acroprudenti alpol i ci es. To i ntroduce an i nterbank m arket,we assum e that banks are heterogenous i n term sof l i qui di ty. T hi s f eature gi ves ri se to an i nterbank m arket w here l i qui d banksprovi de i nterbank l oansto both hom e and forei gn banks.T hi sf eature i sl i ne w i th the currentEuropean banki ng system characteri zed by banks rel yi ng on w hol esal e f undi ngsasi l l ustrated by G iannone etal .(2012). In our setup,the di sti ncti on betw een l i qui d and i l l i qui d banksl i es i n the di rect access ofl i qui d banks to ECB f undi ngs w hi ch al l ow i ntra-financi alsector flow s betw een financi ali nterm edi ari es. 7 Extendi ng thi s assum pti on to an i nternati onalperspec- ti ve,i l l i qui d banks can borrow f rom both dom esti c and f orei gn l i qui d banks,whi ch gi ves ri se to cross-borderi nterbank l endi ng flow s. T he deci si on ofthe banki ng system regardi ng the provi si on of deposi t servi ces to househol ds and l oans to the corporate sector a ects the rest ofthe econom y through the setti ng ofdeposi tand l endi ng i nterest rates. 8 In li ne wi th the EM U si tuati on,we do not consi der cross-border deposi t nor cross-border l endi ng to househol ds.The i nternati onalflow ofl oans between econom i es i s thus a consequence of i nterbank l i qui di ty provisi on and borrow i ng choi cesundertaken by entrepreneurs(fol l ow i ng a com pari son between the rel ati ve i nterest rates ofdom esti c and f orei gn corporate l oans).

Thi s paper adopts a m acroeconom i c perspecti ve to focus on the e ect ofcross-border l endi ng on the conduct ofm acroprudenti alpol i cy i n a heterogeneous m onetary uni on. t icipat es regularly t o t he bidding process in main refinancing operations of the ECB while the others rely on int erbank funding. 8 For t ract ability reasons we assume t hat even if banks diff er in t heir ability t o raise funds from t he cent ral bank, t heir loan and deposit supply decisions remain homogenous aft er aggregat ion. In a real life sit uat ion, illiquid banks may face more diffi cult ies in at t ract ing households deposits requiring banks t o set higher deposit rat es t o compensat e t heir default risk. Regarding corproat e loans provision, t he t ight er funding const raint of illiquid may diminish t heir loan supply compared t o liquid banks.

9 First , portfolio separat ion holds [START_REF] Balt Ensperger | Alt ernat ive approaches t o t he t heory of t he banking firm[END_REF] and Sant omero (1984)), which means [START_REF] Sealey | Input s, out put s, and a t heory of product ion and cost at deposit ory financial inst it ut ions[END_REF] and [START_REF] Sealey | Port folio separat ion for st ockholder owned deposit ory financial int ermediaries[END_REF]) t hat a number of assumpt ions have been invoked. For inst ance, eit her shareholder unanimit y is assumed for all banks in t he model, or risk neut ralit y has been assumed t o render shareholder unanimity a non-issue. In addit ion, it must be assumed t hat banks' cost s of real resources ut ilized in t heir operat ions are separable from resource cost s for ot hers of t he banks' asset s and liabilit ies at during each period and across periods if int erperiod adjust ment cost s are t aken int o account . Finally, banks must have access t o a market in which t hey can bot h borrow and lend at exact ly t he same
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Thi s paper extends Pouti neau and Verm andel(2015) to account for deposi t deci si ons and for m acroprudenti al consi derati on i n the bal ance sheets of financi al i nterm edi ari es.

The sti cki ness i n both deposi t and l oan i nterest rates i s a key i ngredi ent of the fram ew ork. T he setti ng ofi nterest rate m i m i cs the way other sti cky nom i nalvari abl es such as pri ces and wages are set i n the m odelby adopti ng a C al vo-type m echanism . T hi s devi ce, shared by m ost D SG E m odel s wi th a banki ng sector,partl y contrasts w i th the l i terature devel oped from the banki ng i ndustry perspecti ve. Indeed,m ost ofthe banki ng l i terature has, fol l ow i ng Fl annery (1982) ori gi nal work on deposi ts as quasi -fixed factors, focused on i ntertem poralquanti ty adjustm ent costs. It i s al so w orth noti ng that the substanti al banki ng l i terature on thi stopi c hasproposed al ternati ve waysofapproachi ng thi squesti on, i ncl udi ng Cosi m ano and Van H uyck (1989), Cosi m ano (1987,1988), and El yasi aniet al . [START_REF] Elyasiani | Cost s of adjust ment , port folio separat ion, and t he dynamic behavior of bank loans and deposit s[END_REF]A bo-Zai d (2015). Furtherm ore, sl uggi sh and even asym m etri c vari ati ons i n bank retai lrates have been docum ented i n the em pi ri call i terature as i n Van Leuvenstei j n et al .( 2013) through i m perf ect com peti ti on am ong banki ng system s,w hi l e K opecky and Van H oose (2012)rel y on i ntertem poralquanti ty adjustm entcosts togetherw i th i m perf ect com peti ti on to expl ai n such observati ons. T he adopti on ofa C al vo m echani sm com bi ned wi th m onopol i sti c com peti ti on has been em pl oyed here i n a m acro-perspecti ve for credi t and deposi t i nterest rates, as thi s sol uti on al l ows us to consi der the sl uggi shness i n the adjustm ent ofal lthe nom i nalvari abl es ofthe econom y (pri ces,w ages and i nterest rates) through the esti m ati on ofa "C al vo l ottery param eter".

A sa second m aj or noti ceabl e di erence f rom Pouti neau and Verm andel (2015),w e accountforendogenousl everage offinanci ali nterm edi ari es,thusreflecti ng theri ski nessi n the bal ance sheet ofbanks. W e use ti m e-varyi ng capi talrequi rem ents as the m acroprudenti al i nstrum ent.A sunderl i ned by A ngel i nietal .( 2014),capi talbu ershavetaken a centerstage i n the ongoi ng debate on regul atory reform and have becom e one ofl eadi ng facetofm acroprudenti alregul ati on. Speci fical l y i n the European Uni on,a num ber ofm acro-prudenti al pol i cy i nstrum ents i ncl udi ng countercycl i calbu ers are em bedded i n the l egi sl ati ve texts int erest rat e. Only when all such assumpt ions are invoked, it is legit imat e for each bank t o be able t o make separable decisions about balance-sheet choices as assumed in t his model. 2014)by assum i ng thateach type ofbank m ustpay a quadrati c cost w hen i ts ri sk w ei ghted assets rati o devi ates from the ti m e-varyi ng rati o fixed by the m acroprudenti alauthori ty i n country i accordi ng to the system i c ri sk ari si ng w i thi n the financi alsystem . T he deci si on to penal i ze banksforkeepi ng equi ty-capi talposi ti onsbel ow the o ci albenchm ark i s easy to understand,as undercapi tal i zed banks m ake the banki ng sector m ore fragi l e and i n turn subj ect to bank runs (D i am ond and R ajan ( 2001)). Symm etri cal l y,the deci si on to i m pose costs on banks for havi ng equi ty-capi talposi ti ons above the requi red l evel s m ay be understood i n a m acroeconom i c perspecti ve: by keepi ng m ore equi ty capital l evel s than requi red by the o ci al regul ati on, the banki ng sector di verts resources and,i n turn,creates credi t rati oni ng for both entrepreneurs and i l l i qui d banks.

Thi s m ay create l ow er than desi red banki ng acti vi ty, reduce investm ent i n the econom y and i ncur i ne ci enci es. 11

I nterbank relations

In each country the banki ng system consi sts of tw o di sti nct branches: a conti nuum ofm onopol i sti c banks and financi alpackers.M onopol i sti c banksprovi de di erent types of l oansand deposi tservi cesand seti nterestrateson a C al vo basi s. T hefinanci ali nterm edi ary i s a CES packer that produces one hom ogenous l oan and deposi t servi ce. 12 A share λ of 10 Namely the new Capital Requirements Directive (CRD IV) and the Capital Requirements Regulation (CRR). We refer t o [START_REF] Carboni | Exploring t he nexus between macro-prudent ial policies and monet ary policy measures: Evidence from an est imat ed DSGE model for t he euro area[END_REF] for a discussion regarding t he macroprudent ial policy mandat e in t he Euro Area shared between ECB/ SSM, nat ional compet ent aut horit ies and coordinat ed by t he ESRB.

11 [START_REF] Van Den Heuvel | T he welfare cost of bank capit al requirement s[END_REF] finds using a general equilibrium model t hat increasing capit al requirement s induces high welfare cost s in t erms of uncondit ional consumpt ion, suggest ing t hat capit al requirement s should be lower t han in t he current adequacy framework. [START_REF] Clerc | Capit al regulat ion in a macroeconomic model wit h t hree layers of default[END_REF] highlight t he presence of a tradeoff using a financial accelerat or model between t oo high and t oo low capit al requirement s. 12 The financial packer act s as a loan and deposit bundler in a perfect ly compet it ive market . Banks supply diff erent iat ed t ypes b of deposit s D i ,t (b) and loans L s i ,t (b) bundled by financial packers. T heir packing t echnology for deposit services and loans reads as, 1) , and 

D d i ,t = [(1/ n i ) 1/ D G(D i ,t (b) ( D -1) / D )] D / ( D -
L d i ,t = [(1/ n i ) 1/ L G(L s i ,t (b) ( L -1) / L )] L / ( L -1) . It maximizes profits, R D i ,t D d i ,t + R L i ,t L d i ,t -G(R D i ,t (b) D i ,t (b)) - G(R L i ,t (b) L s i ,t (b)),
(b) = (1/ n i )(R D i ,t (b)/ R D i ,t ) -D D d i ,t and L s i ,t (b) = (1/ n i )(R L i ,t (b)/ R L i ,t ) -L L d i ,t . T he aggre- $ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7
banks i s i l l i qui d (i.e. credi t constrai ned),w hi l e the rem ai ni ng share ofbanks 1-λ i s l i qui d and suppl i es i nterbank l oans to i l l i qui d banks.

T he representati ve share λ of i l l i qui d banks b i n country i has the fol l ow i ng bal ance sheet,

L s i ,t = I B H i ,t + B K i ll i ,t + D i ,t + liab i ll i ,t , (1) 
where L s i ,t i s the l oan suppl y of borrowi ng banks, I B H i ,t i s the i nterbank l oans suppl i ed by l i qui d banks subj ect to external habi ts, B K i ll i ,t i s the bank capi tal , D i ,t are deposi t servi ces to househol ds and liab i ,t are other l i abi l i ti es i n the bal ance sheet of the bank that are not consi dered i n the m odel . 13 To cl ose the m odel , we assum e that the cost of these l i abi l i ti es i s set by the central bank through i ts refinanci ng rate. W e suppose that the dem and for i nterbank funds are subject to externalhabi ts at a degree h B i where

I B H i ,t = I B d i ,t -h B i (I B d i ,t-1 -I B d i ).
T hese habi ts captures the em pi ri calautocorrel ati on of i nterbank fundi ng.In addi ti on,these habi ts are em pi ri cal l y docum ented i n the i nterbank network l i terature: Fi nger et al . (2014,2015) find at a bank l evel that bi l ateral l i nks between banks are persi stent as banks heavi l y rel y on wel l -establ i shed busi ness rel ati ons, thus exhi bi ti ng som e habi ts i n borrowi ng/l endi ng deci si ons.

The one-peri od stream ofprofits ofthe b-th i l l i qui d bank i sgi ven by:

i ll i ,t = 1-µ B (1 -E t {η i ,t+ 1 }) 1+ R L i ,t L s i ,t -1+ R D i ,t D i ,t -1+ P I B i ,t I B H i ,t (2) -(1+ R t )liab i ll i ,t -F r wa i ll i ,t -υ i t B K i ll i ,t ,
where µ B [ 0, 1]denotes the l oss-gi ven-defaul t (i.e. the percentage of the am ount ow ed on a defaul ted l oan that the bank i s not abl e to recover),1 -E t {η i ,t+ 1 } i s the expected gat e price index of all variet ies in t he economy is given by, R D

i ,t = [(1/ n i )G(R D i ,t (b) 1-D )] 1/ ( 1-D ) and R L i ,t = [(1/ n i )G(R L i ,t (b) 1-L )] 1/ ( 1-L ) .
$ 

I B d i ,t = 1-α I B i 1/ ξ I B d hi ,t (ξ-1)/ ξ + α I B i 1/ ξ I B d f i,t (ξ-1)/ ξ ξ/ (ξ-1) , (3) 
w here param eter ξ > 0 i s the el asti ci ty of substituti on between dom esti c and f orei gn i n-14 To simplify both the steady state and the log-linear version of the model, the bank default expectation regarding ent repreneurs' project s is defined by a geomet ric average of home and foreign surviving rat es of ent repreneurs,

η i ,t = (η E h,t ) 1-α L h (η E f ,t ) α L j ηα L h -α L j
where η E i ,t + 1 is the default rate of entrepreneurs operating in count ry i {c, p}. T he expression ηα L h -α L j ensures the detesministic steady state remains symmetric between Core and Periphery wit hout aff ecting the dynamic of the model up to a first order approximat ion.

15 T he quadrat ic nat ure of t his cost has been discussed in t he previous subsect ion.

$ &&(37(' 0 $ 1 8 6&5,37 ) the am ount ofdom esti c (resp.f orei gn) l oans dem anded by borrow i ng bank b i n country i . Thi s exi stence ofan hom e bi as on the i nterbank m arketi sem pi ri cal l y m oti vated,Fri cke and Lux (2015)find,usi ng Ital i an bank-l evel data,that Ital i an banks tend to trade w i th each other rather than w i th forei gn banks,i n parti cul ar after the financi alturm oi l . M ore broadl y i n the l i terature offinance,the hom e bi as i n portfol i o w as first docum ented by French and Poterba (1991).

The totalcost i ncurred by i l l i qui d banks to finance i nterbank l oans,1 + P I B i ,t ,i s thus defined accordi ng to the C ES aggregator:

1+ P I B i ,t = ( 1-α I B i (1 + R I B h,t ) 1-ξ + α I B i (1 + R I B f ,t ) 1-ξ ) 1/ (1-ξ) , (4) 
where1+ R I B h,t (resp. 1+ R I B f ,t )i sthecostofl oansobtai ned from hom e (resp. forei gn)banks i n country i . Fi nal l y f ol l ow i ng G eral iet al .( 2010),the bank capi talaccum ul ati on process ofi l l i qui d banks(B K i ll i ,t )i sdeterm i ned by:

B K i ll i ,t = 1-δ i ll i i ll i ,t-1 , (5) 
where δ i ll i [ 0, 1]m easures resources used i n m anagi ng bank capi taland conducti ng the overal lbanki ng i nterm edi ati on acti vi ty and isdeterm i ned endogenousl y by the steady state ofthe m odel . G i ven the functi onalform ofF i (•),the first order condi ti on on l oans w hi ch determ i nes the m argi nalcost ofsuppl yi ng an addi ti onaluni tofl oans to hom e and forei gn entrepreneurs i s:

1+ M C i ll i ,t = 1+ P I B i ,t + χ k υ i t -r wa i ll i ,t r wa i ll i ,t 2 1-µ B (1 -E t {η i ,t+ 1 }) . (6) 
From thi s equati on, we observe that an i ncrease (reducti on) i n the C C B rate υ i ,t (ri sk wei ghted assets rati o r wa i ll i ,t ) i m poses on banks to accum ul ate m ore equi ty via retai ned earni ngs through a ri se i n credi t rates.Param eter χ k determ i nes the el asti ci ty ofinterest
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rates to capi talregul ati on change.16 D uri ng phases ofexpansi on,banks have i ncenti ves to i ncrease thei rl everage away from the targeti n orderto boostthei rprofits. T hi sri sk taki ng by banks i s addressed i n our m odelthough the cost functi on that forces banks to control thei rcapi talstructure.

The f racti on 1 -λ ofrem ai ni ng l i qui d bankshasthe f ol l ow i ng bal ance sheet:

L s i ,t + I B s i ,t = L E CB i ,t + B K li q i ,t + D i ,t + liab li q i ,t , (7) 
where L s i ,t i sthe l endi ng suppl y to entrepreneurs,I B s i ,t i s the suppl y off unds on the i nterbank m arket,L E CB i ,t i s the am ount ofrefinanci ng operati ons obtai ned by the l i qui d bank, B K li q i ,t i s the am ount ofbank capi tal ,D i ,t are deposi ts col l ected from dom esti c househol ds and liab i ,t are exogenous l i abi l i ti es as expl ai ned previ ousl y. T he one-peri od profit ofthe bank li q i ,t i sdefined as:

li q i ,t = 1-µ B (1 -E t {η i ,t+ 1 }) 1+ R L i ,t L s i ,t + 1+ R I B i ,t I B s i ,t -1+ R D i ,t D i ,t (8) -(1+ R t )liab li q i ,t -(1+ R t )L E CB i ,t -F (r wa li q i ,t -υ i t )B K li q i ,t .
H ere,R I B i ,t i s the i nterest rate set by l i qui d banks to hom e and forei gn i l l i qui d banks,R t i s the refinanci ng rate ofthe centralbank and F i (• ) denotes the sam e B aselcost functi on as for i l l i qui d banks: F i (x)= 0.5χ k x 2 . Interbank cl ai m s a ect the am ount ofequi ty held by banks and are gi ven a ri sk w ei ghtat20% .The ri sk w ei ghted asset rati o f or l i qui d bank i ncorporati ng corporate and bank exposures i s gi ven by r wa li q i ,t = B K li q i ,t / (L s i ,t + 0.2I B s i ,t ).

A ccordi ng to the i l l i qui d bank,bank capi talofl i qui d banksevol ves accordi ng to

B K li q i ,t = (1-τ li q i ) li q i ,t , (9) 
where δ li q i [ 0, 1]i s si m i l ar to the i l l i qui d bank and m easuresthe f racti on ofcapi talused duri ng the i nterm edi ati on process that cannot be re-i nvested next peri od. T he first order
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condi ti on on l oans determ i ni ng the m argi nalcost ofl oans ofthe l i qui d bank b i s:

1+ M C i ll i ,t = 1+ P I B i ,t + χ k υ i t -r wa i ll i ,t r wa i ll i ,t 2 1-µ b (1 -E t {η i ,t+ 1 }) , (10) 
and the second first order condi ti on on i nterbank l oans determ i nes the i nterbank rate set by banks operati ng i n country i : (2014).

R I B i ,t = R t + 0.2χ k (υ i t -r wa li q i ,t )(r wa li q i ,t ) 2 . (11) 

Interest rate setting

W e assum e thati nterestrateson deposi tsand corporate credi tl oansare sti cky. In parti cul ar,sl uggi sh and even asym m etri cvari ati onsi n bank retai lrateshave been docum ented i n the em pi ri call i terature asi n K opecky and Van H oose(2012)and Van Leuvenstei jn etal . peri od a random fracti on θ L i (θ D i ) ofbanks i s unabl e to update i ts l endi ng (deposi t) rate, $ &&(37(' 0 $ 1 8 6&5,37

$ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7 R L i ,t = R L i ,t-1 (R D i ,t = R D i ,t-1 )
,creati ng an i m perf ect transm i ssi on of m onetary pol i cy decisi ons to borrowers and savers l i vi ng i n the m onetary uni on. T he bank that i t i s abl e to m odi fy i ts l oan i nterest rate (w i th a constant probabi l i ty 1 -θ L i )choosesR L * i ,t to m axi m i ze i ts expected stream ofprofits adjusted by the ri sk ofdefaul t:

E t X ∞ s= 0 θ L i τ i ,t+ s 1-µ B (1 -η i ,t+ 1+ τ ) R L * i ,t -exp(ε L i ,t+ s )M C L i ,t+ s L s i ,t+ s , (12) 
where ε L i ,t i s an ad-hoc m arkup A R (1) shock to the credi t rate equati on, θ L i [ 0, 1) i s the C al vo l ottery coe ci ent determ i ni ng the degree ofnom i nalri gi di ty and M C L i ,t i s the aggregate m argi nalcostcom bi ni ng outputsfrom l i qui d and i l l i qui d banksofcountry i .W e aggregate l oans from l i qui d and i l l i qui d banks and thei r respecti ve m argi nalcosts before appl yi ng the m arkup for tractabi l i ty purposes: this devi ce i s usef ulto com pute a si ngl e Phi l l i ps curve as wel l as an uni que credi t rate f or both l i qui d and i l l i qui d banks. W e borrow thi s shortcut procedure from G eral iet al .( 2010) adapted i n a di erent context, i . e. al lbanks bel ongi ng to a nati onal banki ng system share the sam e m argi nal cost of producti on, reflecti ng the average l i qui di ty degree of nati onal banks: -λ) . In addi ti on,the banki ng spread reflecti ng the l eveloffinanci al di stress i sgi ven by

1 + M C L i ,t = (1+ M C i ll i ,t ) λ (1 + M C li q i ,t ) (1
S L i ,t = (1+ R L i ,t )/ (1 + R t ).
In a si m i l arfashi on fordeposi trates,assum i ng thati ti sabl e to m odi f y i ts i nterestrate wi th a constant probabi l i ty 1 -θ D i ,the representati ve bank chooses R D * i ,t to m axi m i ze i ts expected stream ofprofits,by appl yi ng a m arkdown on the refinanci ng rate ofthe central bank R t :

E t X ∞ τ = 0 θ D i τ i ,t+ s R t+ s exp(ε D i ,t+ s )-R D * i ,t D i ,t+ s , (13) 
where ε D i ,t i s an ad-hoc ti m e-varyi ng A R (1) m arkdow n shock to the deposi t rate equati on and θ D i [ 0, 1) i sthe Cal vo l ottery param eter.

Macroprudential policy

M acroprudenti al pol i cy a ects the general equi l i bri um of the econom y through the pol i cy i nstrum ent v i ,t that contri butes to the m argi nal cost of com m erci al banks' l oans.

$ &&(37(' 0 $ 1 8 6&5,37 1 8 6 &5 , 3 7 A s a consequence, a m acroprudenti alpol i cy ti ghteni ng i s associ ated w i th hi gher l endi ng rates,and l owerbank credi tgrowth and assetpri ces. W e assum e thatthe m acroprudenti al authori ty sets the ti m e-varyi ng capi talrequi rem ent ν i ,t accordi ng to:
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v i ,t = (1-ρ v i )ν + ρ v i ν i ,t-1 + φ i (T i ,t -Ti ), (14) 
where ρ v i [ 0, 1)i sthe sm oothi ng coe ci ent ofthe rul e,T i ,t i sthe m acroprudenti altarget, φ i 0 i s the m acroprudenti alwei ght to the target i n country i and Ti i s the steady state ofthe target. In our speci ficati on,capi talrequi rem ents are expected to i ncrease w hen the target devi ates from i ts steady state. T he choi ce ofthe target T i ,t i s a key aspect ofthe paper that w i l lbe di scussed bel ow .

T he ESR B hasdevel oped a bu ergui de to choose the C C B rate based on the credi t-togdp gap.17 H owever,the gl obalnature ofthe European banki ng system i ntroduces m any possi bi l i ti es for the defini ti on of the credi t-to-gdp rati o taken i nto account by nati onal authori ti es. Indeed, the C C B rate m ay be adjusted to the credi t suppl y (of banks) or the credi t dem and (of entrepreneurs),18 ei ther on a nati onal or on a federal basi s. O ur f ram ew ork w i th i nternati onalbank flow s al l ows us to di sti ngui sh betw een five operati onal targetsasl i sted i n Tabl e 1.

T he firstsetofcredi ttargeti ng rul esi sori ented tow ardsthe suppl y ofcredi tusi ng ei ther a f ederal(1. a) or a country-speci fic aggregate (1. b). A m acroprudenti alpol i cy based on credi t suppl y ai m s atstabi l i zi ng l enders by focusi ng m ore on the stabi l i zati on offinanci al shockshi tti ng l endersratherthan dem and and suppl y shockshi tti ng borrow ers. G i ven the scal e of cross-border l oans i n the Eurozone, the deci si ons of the nati onal supervi sor has si de e ects on countri es w here a nati onalbank has a subsi di ary or branches or w here thi s bank l ends to m ay favor a federaldefini ti on ofthe rati o. T hus to handl e these pecuni ary 
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i ,t = (L d i ,t -L s i ,t + λI B d i ,t -(1 -λ)I B s i ,t )/ Y i ,t for i {c, p}
Note: variables wit hout count ry subscript such as x t denot e union-wide averages comput ed as a weight ed sum of each count ry

x t = nxc,t + (1 -n)xp,t .
external i ti es, we eval uate the possi bi l i ty of an union-wi de targeti ng system (1. a) agai nst a nati onaltargeti ng system (1. b), the l atter bei ng expected to create m ore external i ti es (posi ti ve or negati ve)asi t a ects the forei gn banki ng system w i thout taki ng i nto account i ts financi aldevel opm ents. 19

T he second setofcredi ttargeti ng rul esconcentrateson the dem and ofcredi tem anati ng f rom entrepreneurs. 20 The i nterest of a C C B rate tai l ored to borrowers i s that i t m ay provi de m ore stabi l i zati on fol l ow i ng realand nom i nalshocks hi tti ng househol ds and firm s at the expense offinanci alshocks a ecti ng banks. T hi s sol uti on seeksati nternal i zi ng the soci alcostofentrepreneurs'over-borrow i ng thatm ay ari se gi ven thei rbi ased expectati ons. A s thi s pol i cy regi m e i ne ci entl y a ects forei gn borrow ers through cross-border l endi ng, spi l l overs e ects m ay be dam pened by a federaltargeti ng (2. a) rather than a nati onalone (2. b).

W e al so eval uate the i nterest of adopti ng provi si onalm easures to a ect cross border l endi ng di rectl y,through targeti ng capi tali nflow s i n the C C B.T hi ssol uti on,as envi saged 19 For furt her discussions of t hese cross-border issues, we refer t o [START_REF] Beck | Regulat ory cooperat ion on cross-border banking -progress and challenges aft er t he crisis[END_REF]. 20 A loan demand t arget ing is feasible in a real life sit uat ion, t he ECB already disent angles t he credit demand and supply by collect ing t he domest ic and cross-border posit ions of Euro area monet ary financial inst it ut ions since 1999 for each part icipant of t he monet ary union. Regarding t he demand side of credit market s, t he bank lending survey published by t he ECB on a quart erly basis provides an analysis of t he driving forces of t he demand of credit in t he Euro Area. For t he supply side, bot h t he ECB and t he BIS collect domest ic and cross-border posit ions of euro area monet ary financial inst it ut ions. 2012) and R ey (2015), i s rel ati vel y si m i l ar to a capi talcontrolm easure. T he m ai n i nsi ght behi nd thi s schem e woul d rel y on the factthatpersi stent capi talaccount i m bal ances i nduce financi alstabi l i ty risks and m ay have i m pl i cati ons for the sustai nabi l i ty ofnet externalasset posi ti ons. In parti cul ar si nce the creati on i n the Eurozone,gl obalbanki ng has experi enced an expl osi ve grow th hel pi ng to fuelunsustai nabl e credi tboom si n peri pheraleconom i essuch asi n Spai n and i n Irel and, f ol l owed by a sudden stop i n capi tal i nflow s com pensated by unconventi onal m easures.

M acroprudenti alpol i ci es can pl ay a key rol e to contai n thi sprobl em by i m posi ng targeted regul ati onson banksengaged i n cross-borderacti vi ti es.W hen borrow i ng to otherEuropean banks i si ncreasi ng faster w i th respect to the G D P,a nati onalauthori ty can ri se the CCB rate to a ect banks'bal ance sheetm anagem entand reduce thei rexposure to i nternati onal borrow i ng.In addi ti on w hen system ri sks abate i n one econom y, l eadi ng to capi tal flow reversal s, nati onal authori ti es m ay rel ease the bu er thus l ooseni ng the banks' fundi ng constrai nt to address the procycl i cal i ty ofcapitalflow s.

3. E stim ati on strategy W e fitthe previ ous two country D SG E to Eurozone data over the sam pl e ti m e peri od 1999Q 1-2013Q 4 usi ng Bayesi an techni ques. W e esti m ate structural param eters and the sequence of shocks by fol l ow i ng the sem i nal contri buti ons of Sm ets and W outers (2003,2007) and Chri sti ano et al . (2005). For a detai l ed descri pti on, we refer to the ori gi nal papers. know n to have a trend (nam el y G D P,consum pti on,i nvestm ent,corporate l oan and i nterbank suppl y) or uni t root are m ade stati onary i n tw o steps. Fi rst,w e di vi de the sam pl e by the popul ati on. Second, data are taken i n l ogs and we use a first di erence fil teri ng to obtai n growth rates. In addi ti on,realvari abl es are deflated by the H IC P pri ce i ndex and we rem ove the seasonalcom ponent i n the data usi ng a m ul ti pl i cati ve decom posi ti on.

Furtherm ore,w e dem ean the data as w e do not use the i nform ati on contai ned i n the observabl e m ean. Interest rates are set on a quarterl y basi s by di vi di ng them by 4. Si nce hours worked are notobservabl e f or the Euro A rea,we adopt the sam e m odel l i ng strategy as Sm ets and W outers (2003) to i denti fy TFP shocks usi ng em pl oym ent as a proxy for hours worked. Em pl oym ent i sdi vi ded by the worki ng popul ati on i ndex,taken i n l ogs and dem eaned. To m ap em pl oym ent to hours worked i n our m odel ,we i ntroduce an auxi l i ary equati on for each country w hi ch states that onl y a share θ E i [ 0, 1) offirm s i s al l ow ed to adjust i ts l evelofem pl oym ent êi,t to i ts opti m all abor dem and

H d i ,t : êi,t = βê i ,t+ 1 + 1-βθ E i 1-θ E i / θ E i l og H d i ,t / H d -êi,t . (15) 
T he vector ofobservabl e vari abl es reads as: Forsubsti tuti on param etersforcorporate and i nterbank l oansυ and ξ aswel lasforthe f racti on ofi l l i qui d banks λ,to our knowl edge there are no em pi ri calanal ysi s usi ng bank l evel data that provi des an esti m ati on of these param eters. W e rel y on the previ ous fit exerci se ofPouti neau and Verm andel(2015) by cal i brati ng λ at 0.38 and υ,ξ at 1.1.T he l atter cal i brati on for substi tuti on param eters i s rather conservati ve by al l ow i ng very l ow substi tuti on e ects betw een hom e and forei gn l oans. 22 The quarterl y share ofdefaul ti ng firm s' projects 1 -ηE i s fixed at 0. 025/4, 23 and the audi ti ng cost µ B at 0. 10, 24 those val ues are very si m i l ar to B ernanke et al . (1999). W e com pute the param eter governi ng the rel ati ve si ze ofthe core area n at 0. 58 as i n K ol asa (2009),w hi ch i s the share i m pl i ed by nom i nalG D P l evel s averaged over the peri od 1999-2013. W e cal i brate sym m etri cal l y the adjustm ent cost on deposi ts χ D i at 0. 0007 as i n Schm i tt-G rohé and Uri be ( 2003) to rem ove an uni t root com ponent generated by the two-country set-up. Fi nal l y,the l ower bound ω min and the shape κ of the Pareto di stri buti on are endogenousl y determ i ned by the m odelequati ons assum i ng a ri sk-free econom y w i th no spread and defaul t,w e obtai n: ω min = 1-N / K and κ= K / N .O urcal i brati on del i versforthe m ai n endogenousvari abl esthe f ol l ow i ng steady state: ωC = 0. 6015,ε D = -2. 41,ε L = 4. 37,r L = 0. 0192 and r K = 0. 0166.

Y t = 100[ ŷi,t , êi,t , ĉi,t , îi,t , πC i ,t , ŵi,t , r D i ,t , ls i ,t , b ib s i ,t , r t ] f or i = {c, p}.
22 In contrast, Brzoza-Brzezina et al. ( 2015) assign a value of 6 t o t heir subst it ut ion paramet er, which is rather high with respect to the literature of trade. In general, substitution parameters for goods market are rat her low and usually remain between 1 and 2 as in [START_REF] Quint | Monet ary and macroprudent ial policy in an est imat ed DSGE model of t he Euro area[END_REF] or Pout ineau and Vermandel (2015). 23 T his is consist ent wit h corporat e default st at ist ics from Moody's, t he rating agency, which show an average default rat e on (non-US) non-financial corporat e bonds of 0.75% for t he period 1989-2009, as shown by [START_REF] Darracq-Pariès | Macroeconomic propagat ion under diff erent regulat ory regimes: Evidence from an est imat ed dsge model for t he euro area[END_REF]. T he ot her rat ing agency St andards & Poor's evaluat es t he rat e of default for t he period 1991-2014 t o 0.58%. We consider a default rat e of 0.63% which is in t he ballpark of t he numbers found by rat ing agencies. 24 T he audit ing cost cannot be observed as few dat a on loan losses are publicly available for reasons of confident iality. [START_REF] Dermine | Bank loan losses-given-default : A case study[END_REF] find using bank level dat a t hat t hese cost s crit ically depends on t he size of t he loans: recovery cost s on smaller loans are subst ant ially higher t han on large loans, 4.1% vs. 0.9%. In addition, once the contentious department has to rely on external lawyers, the recovery cost s rise t o 10.4%. 0 $ 1 8 6 &5 , 3 7 O ur pri ors are l i sted i n Tabl e B. 7. O veral l , they are ei ther rel ati vel y uni nform ati ve or consi stent w i th earl i er contri buti ons to B ayesi an esti m ati ons. For a m ajori ty of new K eynesi an m odel s'param eters,i.e.
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σ L i ,h C i ,θ P i ,ξ P i ,θ W i ,ξ W i ,θ E i ,χ I i ,ψ i ,φ π ,φ ∆ y and shock
processes param eters, we use the pri or di stri buti ons cl ose to Sm ets and W outers (2003,2007). C al vo probabi l i ti esforrateshave the sam e uni nform ati ve pri orsasf orpri ces/w ages whi l e l oans habi ts are gi ven a pri or m ean 0. 5 wi th standard devi ati on 0. 2. O ur pri ors for openness param eters are based on thei r observed average over the sam pl e peri od. Substitutabi l i ti es between hom e/forei gn credi t and finalgoods are set to 2 wi th standard deviati ons of0.50. W e set the pri or for the el asti ci ty ofthe externalfinance prem i um κ i to a beta di stri buti on w i th pri orm ean equalto 0.05 and standard devi ati on 0.02 consi stentw i th pri or i nform ati on of G i l chri st et al . (2009). Fi nal l y, i n order to catch up the correl ati on and co-m ovem entsbetween countri es'aggregates,we esti m ate the cross-country correl ati on betw een structuralshocks,associ ated pri ors are i nspi red by i n [START_REF] Jondeau | Opt imal monet ary policy in an est imat ed DSGE model of t he euro area wit h cross-count ry het erogeneity[END_REF] and K ol asa ( 2009),w e setthe m ean ofthe pri ordi stri buti on forshock correl ati onsbetween core countri es and peri pheralcountri es at 0.2 wi th a standard devi ati on at 0.2.

Fi nal l y,regardi ng bank capi talregul ati on for the fit exerci se,w e di sabl e the m acroprudenti ali nstrum ent by fixi ng the C C B rate to i ts determ i ni sti c steady state val ue: Fi rst regardi ng asym m etri es i n busi ness and credi t cycl es between the core and the peri phery, they are m ai nl y dri ven by the standard devi ati on of shocks w hi ch are l arger i n peri pheraleconom i es. In parti cul ar, i ne ci ency shocks for wages and pri ces are m ore vol ati l ei n peri phery w hi ch m ay consti tute an i ssue i n thei m pl em entati on ofa si ngl em onetary pol i cy. In the sam e vei n f or m acroprudenti alregul ati on,the presence ofheterogenous financi alshocks i n term s ofvol ati l i ty questi ons the perspecti ve ofa si ngl e f ederalm acroprudenti alauthori ty.

ν i ,t = v. ( 16 
Second turni ng to structuralparam eters,w e find an i m portantdi erence betw een countri esregardi ng param eterθ E i thatdeterm i nestheadjustm entofem pl oym entto the dem and ofhoursworked:corecountri esobservea sl uggi sh responseofem pl oym entto thecycl ewhi l e the m i rror i m age i s seen for peri phery. Sti l lregardi ng the l abor m arket,wage ri gi di ty and 26 T he post erior dist ribut ion combines t he likelihood funct ion wit h prior informat ion. To calculat e t he post erior dist ribut ion t o evaluat e t he marginal likelihood of t he model, t he Metropolis-Hast ings algorit hm is employed. We comput e t he post erior moment s of t he paramet ers using a suffi cient ly large number of draws, having made sure t hat t he MCMC algorit hm converged. To do t his, a sample of 250, 000 draws was generat ed for four chains t hrough parallelizat ion, neglect ing t he first 50, 000. T he scale fact or was set in order t o deliver accept ance rat es of bet ween 20 and 30 percent for each chain. Convergence was assessed by means of the multivariate convergence statistics taken from [START_REF] Brooks | General met hods for monit oring convergence of it erat ive simulat ions[END_REF]. We estimate t he model using t he dynare package of Adjemian et al. (2011). We provide in t he online appendix t he bayesian IRF of t he model which are all fairly consist ent wit h VAR-type models evidence.

$ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7 i ndexati on param eters are al so hi gher i n core countri es suggesti ng that core countri es are f arther from the opti m alal l ocati on characteri zed by flexi bl e wages and pri ces. H owever thi si nterpretati on i snuanced by G al í(2013)showi ng thatwage ri gi di ti escan,i n som e parti cul arsi tuati ons,pl ay a stabi l i zi ng rol ef orthe econom y. O ne ofthese parti cul arsi tuati ons exposed by G al í(2013)i sa m onetary pol i cy w eakl y ori ented toward i nflati on w hi ch can be observed w hen m onetary pol i cy hashi ti tsl owerbound.In the l i ghtofthi snew rei nterpretati on that m eets the current si tuati on ofthe Euro A rea,wages and em pl oym ent ri gi di ti es of core countri es m ay have been stabi l i zi ng fri cti ons si nce the financi al cri si s epi sode i n 2009.

Thi rd,the resul ts rel ated to m arket i ntegrati on are i n l i ne w i th the standard em pi ri cal evi dence. In parti cul ar, peri pheral econom i es are m ore open and dependent to the core area than the opposi te,exceptfori nterbank faci l i ti es.T hi sl atterresul ti shard to reconci l e wi th the em pi ri calevi dence as,before the financi alcri si s,peri pheraleconom i es w here net reci pi ent of i nterbank l oans that fuel ed the property boom . T hi s coul d be a l i m i tati on ofthe anal ysi s conducted here,however by sum m i ng both the net entry ofcorporate and i nterbank l oans,our m odelpredi cts that peri pheraleconom i es were net reci pi ent ofl oans consi stentl y wi th the hi stori calexperi ence ofthe Euro A rea. 

T he perform ance of M acroprudentialP olicy

L = σ 2 L / Y + λ Y σ 2 Y + λ ν σ 2 ν , (17) 
where σ 2 L / Y ,σ 2 Y and σ 2 ν denote respecti vel y the uncondi ti onalvari ance ofthe credi t-to-gdp rati o,output and pol i cy toolν i ,t whi l e param eters λ Y and λ ν are wei ghts on output and CCB. Thi s ad-hoc l oss functi on L borrow ed from A ngel i ni et al . ( 2014) i s obtai ned as a wei ghted average of nati onall oss functi ons for each area. It i s defined as,L = nL c +

(1 -n)L p ,w hereforeach country thenati onall ossi sgi ven by,

L i = σ 2 i ,L / Y + λ Y σ 2 i ,Y + λ ν σ 2 i ,ν .
N oti ceabl y, as our m odel features an i nterbank m arket, the credi t-to-gdp rati o i s gi ven by the aggregate credi t suppl y di vi ded by output:

ctg i ,t = (L s i ,t + (1-λ)I B s i ,t )/ Y i ,t . As
A ngel i nietal .( 2014),w e assum e that λ ν = 0.10 and λ Y = 0,howeveri n a robustness secti on we i nvesti gate whetherourresul ts are sensi ti ve to thi scal i brati on.

U si ng the cri teri on ( 17), w e are abl e to perf orm a si m i l ar exerci se as A ngel i niet al .

(2014) by ranki ng m acroprudenti alpol i ci es sel ecti ng CCB rul e' s coe ci ents [

ρ υ c , ρ υ p , φ c , φ p ]
that del i ver the sm al l est l oss. W e search over a four-di m ensi onal gri d over param eters ranges [ 0, 1) for ρ υ i and [ 0, 5]for φ i . A s a benchm ark for com pari ng our scenari os for CCB i m pl em entati on,we consi der the opti m alm onetary pol i cy si tuati on characteri zed by the opti m i zed Tayl or rul e that m axi m i zes the wel fare of househol ds l i vi ng i n the m onetary uni on. Put di erentl y,the i nteracti on between m onetary and m acroprudenti alpol i cy foll ow sa Stackel berg gam e w here m onetary pol i cy i sl eaderby rem ovi ng nom i nali ne ci enci es i n the Euro area through the refinanci ng rate,fol l owed afterw ard by m acroprudenti alpol i cy whi ch dam pens financi alcycl es. O pti m alm onetary pol i cy i s based on a second order approxi m ati on to equi l i bri um condi ti ons ofthe m odelas i n Schm i tt-G rohé and U ri be ( 2007) 27 We are aware that the minimization of a loss function rather than a micro-founded welfare criterion is a limit at ion of our analysis. However, it is also well-known t hat t he usual welfare crit erion weakly port rays the trade-off faced by macroprudent ial aut horit ies between macroeconomic and financial st abilizat ion. A macroprudent ial policy maximizing t he welfare index reduces inflat ion t o t he det riment of t he financial syst em which experiences higher volat ilit ies for credit supply and spreads. In response, Woodford ( 2012 Fi nal l y,the m i ni m i zati on ofthe vari ance ofthe credi t-to-G D P gap can be re-i nterpreted through an al l ocati on probl em for authori ti es. Entrepreneurs' di storted bel i efs generate overborrow i ng deci si ons w hi ch i ne ci entl y am pl i f y the cycl e.B y so,entrepreneurs do not i nternal i ze thei r contri buti on to the financi al am pl i ficati on. A uthori ti es thus i m pl em ent a capi tal requi rem ent pol i cy w hi ch can be seen as a Pi gouvi an tax on banks ai m i ng at i nternal i zi ng the i ncrease ofthe soci alcostthrough hi gherl endi ng ratesto entrepreneurs. 29 T husthefinanci alam pl i ficati on i sm easured here through the vari ance ofthecredi t-to-G D P rati o.

W e eval uate the stabi l i zati on perform ance of each m acroprudenti alpol i cy schem e by m i ni m i zi ng the second orderl oss functi on defined i n Equati on 17 subject to l i nearequi l i bri um condi ti ons ofthe esti m ated m odel . Tabl e 2 reports the pol i cy stance and the stabi l i zi ng perform ances for each i m pl em en-28 In the quant it at ive simulat ion, we first search for weights attached to inflat ion φ π , GDP growth φ ∆ y and t he smoot hing degree ρ in t he Taylor rule t hat gives t he highest uncondit ional welfare of households from Equat ion B.1. Based on t he grid search by 0.01 unit , we limit our at t ent ion t o policy coeffi cient s in t he int erval (1, 5] for φ π , [0, 0.5] for φ ∆ y (Schmitt-Grohé and Uribe, 2007), and in t he int erval [0, 0.99] for ρ t o speed up opt imizat ion rout ines. We t ake int o account t he zero-lower bound by adding a penalty t erm in t he welfare index associat ed t o t he variance of t he nominal int erest rat e following t he calibrat ion of Woodford (2003). 29 We refer t o Jeanne and K orinek (2013) for t he implement at ion of macroprudent ial measures t hrough a social planner problem. tati on schem e. T he opti m alstabi l i zati on ofthe financi alsystem cri ti cal l y depends on the target sel ected by m acroprudenti alauthori ti es.U nsurpri si ngl y,w e observe a cl ear ranki ng f avori ng operati onali nstrum ents reacti ng to nati onall oan devel opm ents (schem es 1. b and 2. b)thatoutperform s sol uti ons based on federall oan devel opm ents (schem es 1. a and 2. a).

A natural questi on i s thus to determ i ne the degree of m utual financi al cross-border l endi ng flow sthatshoul d be observed to a ectthi sm ai n concl usi on.Indeed,asunderl i ned by C ecchettiand Tucker(2016)and Beck etal .(2016)a hi gherbanki ng i ntegrati on shoul d requi re a com m on prudenti alstandard (here,the targeti ng rul e) appl i ed appropri atel y to al l parts of the financi al system . A s a consequence, the e ci ency of federal targeti ng rul es (i.e. schem es 1.a and 2.a) i s expected to i ncrease w i th the share of cross-border l oansw hi l e nati onaladjusted shoul d bel esse ci ent. To i nvesti gate thi squesti on,Fi gure 3 reportsm i ni m i zed l ossfuncti onsfordi erentl evel sofcross-borderl oans. T hree com ponent are presented rel ated to an i ncrease i n total(nam el y the sum ofcorporate and i nterbank) cross-border l oans i n the l eft panel , i n corporate l oans onl y i n the center panel and i n i nterbank l oans onl y i n the ri ght panel .

W e can draw three m ai n concl usi ons from Fi gure 3. Fi rst,the i nterest ofconducti ng $ &&(37(' 0 $ 1 8 6&5,37 $ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7 f ederalbased defini ti on ofthe credi t-to-gdp rati o unsurpri si ngl y i ncreases w i th the si ze of cross-border flow s. A s reported i n the first panel ,the rel ati ve i nterest ofi m pl em enti ng a nati onaladjusted rul e (such as1.b and 2.b)i sm agni fied w i th respectto the federaladjusted rul e f or l ower val ues ofα L i and α I B i . H owever for val ues ofthese param eters hi gher than 25% , the gap i n the l oss functi on val ues tends to decrease si gni ficantl y. N everthel ess, m acroprudenti al rul es based on a federaldefini ti on of the credi t to G D P rati o becom es onl y i nteresti ng for a m utualcross-border l endi ng openness l yi ng around 45% . T hi sfigure i s rather hi gh w i th respect to the current val ue ofcross-border l endi ng,w hi ch m akes thi s sol uti on not opti m alf or the m om ent.

Second,thi spol i cy outcom e regardi ng the reducti on i n thel ossfuncti on undera federal defini ti on of the credi t-to-gdp rati o i s m ai nl y dri ven by the m utualopenness of the corporate credi t m arkets. A s reported i n the center and ri ght panel s,i nterbank cross-border l endi ng credi t has no noti ceabl e i m pact on the rel ati ve ranki ng ofpol i cy sol uti ons,w hi l e the i ntegrati on ofthe corporate l oan segm ent determ i nes the sl ope ofthe decrease i n the l oss functi on under the federalsol uti on.

Thi rd, even i fbanki ng i ntegrati on cl earl y enhances the stabi l i zati on perform ances of f ederal -adjusted schem es,a m acroprudenti alsol uti on targeti ng the nati onalcredi t suppl y rem ai ns rem arkabl y e ci ent w i th a gl obalbanki ng system . For the al lspectrum ofval ues ofα L i and α I B i di spl ayed i n panel sofFi gure 3,C C B reacti on to a nati onaldefini ti on ofthe credi t-to-gdp rati o determ i nesthe l owestval ue forthe l ossfuncti on.T hus,ourexperi m ents suggest that even i fcross-borderl i nkages are hi gh enough to justi f y the i m pl em entati on of a f ederaladjusted sol uti on,the reacti on to nati onall endi ng condi ti ons rem ai ns opti m al .

Contrasting national solutions

A s underl i ned i n Tabl e 2 our num eri calresul ts suggest that the best outcom e for the l oss functi on val ue i sobtai ned w hen m acroprudenti alpol i cy targets the nati onalsuppl y of l oans i nstead ofthe nati onaldem and for l oans (i.e.,accounts for the nati onaland forei gn nature ofl oans contracted i n the econom y). T he i nterest oftargeti ng l oan suppl y i seasi l y understandabl e,asthe transm i ssi on channelofm acroprudenti alpol i cy di rectl y i m pactsthe m argi nalcost ofl oan producti on and,by so,financi ali nterm edi ari es. Ifm acroprudenti al $ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7 pol i cy targets l oan dem and,thi sdi rectchanneli sdam pened,whi ch l eadsto a l owerreducti on ofthe l oss functi on. N ati onalm acroprudenti alpol i ci es reacti ng to federalaverages do nottargetthe ori gi n offinanci ali m bal ancesasregi onaldi vergencesi n credi tcycl es are too i m portantto have a si ngl e f ederaltarget.T he sol uti on focusi ng on cross-borderl endi ng devel opm ents(3),i scl earl y dom i nated by al lthe otheri m pl em entati on schem es:i n thi scase, the l oss functi on reaches i ts hi ghest val ue,reveal i ng that targeti ng externali m bal ances i s not appropri ate as i tdoesnottake i nto account the financi alroots ofthe probl em .

To understand these resul ts w e si m ul ate the dynam i c responses to a negati ve producti vi ty shock in core countri es and a negati ve net weal th shock i n peri pheraleconom i es.30 

W e concentrate on these two shocks as they are l eadi ng dri vers of the l oan-to-gdp rati o that authori ti es ai m atstabi l i zi ng through capi talbu er m easures.

Fi rst,Fi gure 4 reports the IR Fs after a negati ve producti vi ty shock foreach CCB rul e wi th respectto the opti m alm onetary pol i cy si tuati on. U nderthe benchm ark ofan opti m al m onetary pol i cy (dashed l i nes),a negati ve hom e producti vi ty shock depresses i nvestm ent and acti vi ty and im pl i esi ne ci entfluctuati onsi n the credi t-to-gdp rati o.T hi sshock transl atesto the peri pheralregi on through trade channel s,cross-borderl endi ng,m onetary pol i cy reacti on and shock correl ati on.T he i ntroducti on ofnati onalm acroprudenti alm easureshas a cl earstabi l i zi ng e ectforbusi nesscycl esofthe m onetary uni on.T he rel ease ofthe bu er eases the bank capi talconstrai nt w hi ch i n turn l owers credi t spreads and i nvestm ent fluctuati ons. H ow ever, the targeti ng regi m e determ i ni ng the C C B rate cri ti cal l y a ects the outcom e the econom y that does not experi ence the shock and expl ai ns the e ecti veness of nati onalcredi t targeti ng regi m es over f ederalones. In a federaltargeti ng regi m e (1. a and 2. a), both countri es react to a com m on average credi t-to-gdp rati o whi ch l eads the f orei gn country to react procycl i cal l y to f orei gn shocks. In addi ti on,we do not find cl ear di erencesbetween targeti ng nati onalcredi tdem and orsuppl y. ri pheraleconom i esand authori ti esi n peri pheraleconom i esprocycl i cal l y ti ghten the capi tal constrai ntwhi ch i ne ci entl y am pl i fies the cri si s.

Second, Fi gure 5 depi cts the IR Fs af ter a negati ve stock m arket shock i n peri pheral econom i es. U nder the opti m alm onetary pol i cy benchm ark (dashed l i nes),thi sshock deteri oratesthe borrow i ng condi ti ons ofentrepreneurs,thus i ncurri ng a l arge decl i ne i n output and i nvestm ent through the externalfinance prem i um channel . C onsequentl y,the credi tto-gdp gap experi ences a l arge decl i ne i ne ci entl y dri ven by the bi ased expectati ons of entrepreneurs. O ur m ai n resul ts regardi ng the i m pl em entati on of m acroprudenti alm easures are si m i l ar to the producti vi ty shock. N ati onal credi t targeti ng i s pref erred to a f ederalone as the l atter exacerbates fluctuati ons for the country that does not experi ence the shock,creati ng a spi l over e ect. T he sam procycl i calm echani sm i s observed f or the capi tali nflow stargeti ng schem e.Fi nal l y,targeti ng the dem and orsuppl y ofcredi tprovi des very si m i l ar responses. creased/i ncreased the standard devi ati on of endogenous vari abl es for each country. T hi s exerci se m easures how the stabi l i zi ng gai ns are di stri buted between countri es. W e al so report busi ness cycl e synchroni zati on stati sti cs,as m easured by the correl ati on ofoutput betw een econom i es, to eval uate w hether the schem e i s abl e to sm ooth the heterogenei ty betw een Euro A rea parti ci pants.

O veral l , the hi ghest gai ns can be obtai ned by adopti ng m acroprudenti alpol i cy m easures reacti ng to nati onal devel opm ents i n the credi t-to-gdp rati o. T he reacti on of the m acroprudenti ali nstrum ent to other m easures ofthe credi t-to-gdp rati o (based on ei ther l oan dem and orfederalaverages) l eads to l ess reducti on i n the standard devi ati on ofthese aggregates. H owever, the i m pl em entati on of m acroprudenti al pol i cy i s not a f ree l unch si nce the bui l di ng up ofa capi talbu er m echani cal l y i ncreases the vol ati l i ty ofthe spread w hen stabi l i zi ng the debt-to-G D P rati o. 31In addi ti on,we observe a naturall i nk between l oan-to-G D P stabi l i zati on and busi ness cycl e synchroni zati on, show i ng that the i m pl em entati on of nati onal -adjusted m acroprudenti alpol i ci es sm ooths the heterogenei ty across regi ons.Such a resul t i s i nteresti ng for m onetary pol i cy m akers,as the e ecti veness ofa si ngl e m onetary pol i cy cri ti cal l y depends on busi nesscycl esynchroni zati on between m onetary uni on parti ci pants.T hustheenhanced cycl e synchroni zati on parti al l y sol vesthe Euro A rea' sprobl em ofa "one-si ze-fits-al l " m onetary pol i cy.

Contrasti ng the nati onaldem and and nati onalsuppl y targeti ng sol uti ons,we find that thei r e ecti veness are cl earl y di erent accordi ng to the country consi dered. A s an exam pl e,the suppl y si de ori ented pol i cy fits the si tuati on ofcore econom i es,w hi l e the one ori ented tow ardsthe dem and ofcredi tm eetsthe si tuati on ofperi pheraleconom i esi n term s of m acroeconom i c stabi l i zati on. C ore countri es shoul d thus f ocus on the stabi l i zati on of i ts banks w hi l e peri pheraleconom i es shoul d stabi l i ze i ts borrow ers. H avi ng asym m etri c targets betw een regi ons ofthe Eurozone coul d be an i nteresti ng perspecti ve to i m pl em ent stabi l i zati on pol i ci es. 0 $ 1 8 6 &5 , 3 7 Fi nal l y the capi tali nflow s targeti ng sol uti on fits wel lperi pheraleconom i es that w ere net reci pi ent of forei gn cl ai m s bef ore the 2009 cri si s. H ow ever,thi s pol i cy i s harm f ulfor core countri es,a ected by an i ncrease i n the vol ati l i ty of loans and ofthe credi t spread.
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O verthe sam pl e ti m e peri od,core countri eswere netexporterofl oans by fuel i ng property boom s i n peri pheral econom i es through i nterbank l endi ng, thi s capi tal outflow i nvol ves an i ne ci ent and durabl e reducti on of the C C B rate enhanci ng the vol ati l i ty of credi t dom esti cal l y. W hi l e capi tal control s appears to be a prom i si ng tool for Peri phery, i t i s cl earl y unsui ted to countri es experi enci ng capi taloutflow s.

A dditionalsensitivity analysis

Thi s secti on assesses the robustness ofour resul tswi th respect to som e key param eters ofthe m odeland to the nature ofshocks encountered i n the econom y. Not e: λ y and λ ν denot e respect ively weight s on out put and policy t ool volat it ies in t he macroprudent ial loss funct ion, ν is t he subst it ut ion degree bet ween home and foreign credit variet ies and n denot es t he share of core count ries in t erms of real GD P in t he euro area. L osses are evaluat ed using t he average of core and peripheral count ries volat ilit ies. l oss functi on ofm acroprudenti alauthori ti es. A s reported,the ranki ng ofpol i ci es rem ai n una ected by theval ueoftheseparam eters.A n i ncreasei n thepol i cym akerspreferencesfor output(denoted λ y )orthepenal i zati on ofthevari anceofcapi talrequi rem ents(denoted λ ν ) i ncreases the l oss. Turni ng to structuralparam eters (nam el y the degree ofsubsti tutabi l i ty betw een di erent vari eti es of l oans ν and n the share of core countri es i n the m onetary uni on)the sensi ti vi ty analysi s does not al ter the ranki ng ofm acroprudenti aldeci si ons. A s observed, an i ncrease i n the si ze ofthe core countri es'group has opposi te resul ts on the val ue ofthe l oss,dependi ng on the di m ensi on ofthe credi t-to-gdp rati o thati s taken i nto account i n the reacti on of m acroprudenti alpol i cy. T he l oss decreases for schem es based on a reacti on to nati onall oan devel opm ents w hi l e i t i ncreases w hen the m acroprudenti al i nstrum entreactsto the federalval ueoftherati o.H owever,thegap betw een the l ossval ues rem ai n so hi gh that the ranki ng between nati onaland federalsol uti ons i s l eft una ected.

Loss function calibration

R egardi ng thenom i nalri gi di ti eson i nterestrates,thusreflecti ng thei m perf ectpass-through of both m onetary and m acroprudenti alpol i ci es, di sabl i ng thi s nom i nalfri cti on does not a ect the ranki ng too.

Nature of shocks

Second, Tabl e 5 reports the sensi ti vi ty anal ysi s of the m ai n resul ts to the nature of shocks encountered i n the econom y.W e di sti ngui sh between suppl y (producti vi ty shocks), dem and (gatheri ng publ i c spendi ng shocks,preference shocks and i nvestm ent shocks) and financi al shocks (gatheri ng shocks on the col l ateral of corporate l endi ng, on ri ski ness of i nvestm ent projects and cost push shocks on deposi t). A s underl i ned by A ngel i niet al .

(2014),suppl y and dem and shocksm ay dom i natei n norm alti m es,whi l efinanci alshocksare i m portant i n excepti onalti m es. For each shock,w e contrast the consequences ofadopti ng one ofthe m acroprudenti alschem e adopted forthe defini ti on ofthe credi t-to-gdp rati o (1a to 3). A sobserved,the rel ati ve ranki ng ofthe pol i cy schem e i snotal tered by the nature of shocks encountered i n the econom y,as the sol uti on based upon the reacti on ofauthori ti es to the fluctuati onsi n thenati onall oan suppl y to G D P dom i natesal lthe otherpossi bi l i ti es.

H ow ever,the val ue ofthe l ossfluctuatesand i ti shi gherforfinanci alshocks. the contem poraneous pol i cy stance of regi onalauthori ti es. A s observed, for realshocks, the contem poraneous reacti on of core countri es authori ti es tends to be hi gher for suppl y shocks w hi l e peri pheralcountri es are m ore reacti ve fordem and shocks. T hi sl atter feature i sal so observed for excepti onalti m es. Thi rd,w e i nvesti gate w hether structuralasym m etri es a ect the ranki ng ofthe m odel , resul tsare reported i n Tabl e6.In thebenchm ark setup devel oped i n the paper,w e assum ed that m ost of the endogenous vari abl es i n the determ i ni sti c steady state w ere sym m etri c betw een countri es. H owever thi s assum pti on i s questi onabl e, i n parti cul ar regardi ng the asym m etri esi n the financi alsectorw hi ch m ay bean i m portantf eature form acroprudenti al pol i cym aki ng. A s a first exerci se,w e exam i ne w hether the sym m etry assum pti on on the defaul t rate of entrepreneurs m atters for the schem e ranki ng. Si nce we cannot observe the defaul t rate of entrepreneurs, we use as a proxy the share of non-perform i ng l oans i n the bal ance sheet of banks i n BankScope database. W e find that the share of nonperform i ng l oansi son average twi ce hi gheri n Peri phery and cal i brate the defaul ti ng share of entrepreneurs accordi ngl y.W e find that thi s structuralasym m etry does not a ect the ranki ng,howeverw eobservea sm al lreducti on ofthegap betw een thedem and-adjusted and the suppl y-adjusted m acroprudenti alpol i cy.W e al so i nvesti gate the i m pl i cati ons ofcrosscountry heterogenei ty in the share ofi l l i qui d banks operati ng i n the i nterbank m arket.W e proxy thi s param eter through the num ber of banks borrow i ng on the unsecured m oney m arket provi ded by G arci a-de A ndoai n et al . (2014). W e find that on average the share ofbanks borrow i ng on the i nterbank m arket i s 25% hi gher i n Peri phery,we cal i brate λ P accordi ngl y i n ourm odel .T henew ranki ng obtai ned from thenew setofsi m ul ati onsshow no i m portant di erence,except for the nati onaldem and sol uti on w hi ch becom es l ess e ci ent i n stabi l i zi ng the credi t-to-gdp rati o. W e al so i nvesti gate the i m pl i cati on of asym m etri c steady state l everages offirm s and ofbanks betw een countri es.C ore countri es observed a l ow er net-w orth-to-asset rati o than Peri pheraleconom i es for firm s,32 w e take thi s f eature i nto account by cal i brati ng Np / K p at 20% as i n Ital y. For banks,w e use the EC B ' s R i sk A ssessm ent Indi cators (R A I) and find that C ore banks are l ess capi tal i zed on average,i n parti cul ar because ofB el gi um ,G erm any and N etherl ands' sl ow equi ty to assets rati os. W e cal i brate the l everage rati o ofcore banks to 6% to i ncorporate thi s structuralasym m etry and run the si m ul ati ons.W e observe no cl earranki ng change underthese two asym m etri es.

Structural financial asymmetries
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O veral l ,these robustnessexerci sesconfirm thatthese structuralaspectsdoesnota ectthe ranki ng as second order stati sti cs m i ni m i zed i n the l oss functi on are rather i ndependentof structuralasym m etri es.

C onclusion

Thi s paper shows that i nternati onal l endi ng flow s have m i xed e ects on the opti m al conductofm acroprudenti alpol i cy i n the Eurozone. C ontrasti ng al ternati ve rul esforcountercycl i calcapi talbu ers,our resul ts suggest that targeti ng a nati onalcredi t-to-gdp rati o shoul d bef avored to federalaveragesasthi srul ei nducesbetterstabi l i zi ng perform ancesi n term sofoutputand l oan vol ati l i ty. T he im portantdi vergencesi n credi tcycl esbetween core and peri pheralcountri es reported i n the data requi re a nati onalori entati on ofm acroprudenti alpol i cy tai l ored to dom esti cfinanci aldevel opm ents. O urresul tshave al so underl i ned the reduced i nterestofl i f ti ng up m acroprudenti alpol i cym aki ng to the supra-nati onall evel .

Indeed,nati onalcapi talbu ers reacti ng to the uni on-wi de l oan-to-G D P rati o l ead to the sam e stabi l i zati on resul ts than the one obtai ned under the nati onalreacti on w hen m utual cross-border l endi ng reaches 45% . H owever,even i fcross-border l i nkages are hi gh enough to justi f y thei m pl em entati on ofa federaladjusted sol uti on,thereacti on to nati onall endi ng condi ti ons rem arkabl y rem ai ns opti m al . In addi ti on,we find that adjusti ng the m acroprudenti ali nstrum ent to capi tali nflow s i s a prom i si ng toolfor countri es experi enci ng l oans i nflow s.

The anal ysi s of cross-border l endi ng on the conduct of m acroprudenti al pol i cy i s a burgeoni ng research area.In thi spaperwef ocused on countercycl i calcapi talbu ers,and an i s f or core and p for peri phery). Each part i of the m onetary uni on i s ofa rel ati ve si ze n i .33 A sshown i n Fi gure 2,each country i spopul ated by consum ers,i nterm edi ate and final producers,entrepreneurs,capi talsuppl i ers and a banki ng system . R egardi ng the conduct ofm acroeconom i cpol i cy,w e assum e nati onalfiscalauthori ti esand a com m on centralbank.

The i m pl em entati on ofthe m acroprudenti alpol i cy i sl eftopen,and wi l lbe di scussed bel ow i n anothersecti on.O urm odeli sconf ronted to the data usi ng Bayesi an econom etri csand i t encom passes severalsources ofri gi di ti es to enhance i ts em pi ri calrel evance. T he setofreal ri gi di ti es accounts for consum pti on habi ts,i nvestm ent adjustm ent costs and l oan dem and habi ts. R egardi ng nom i nalri gi di ti es, we account for sti cki ness i n finalgoods pri ces and l oan i nterest rates.

Appendix B.1. Households and labor unions

The pref erences ofthe j th househol d are gi ven by:

E t X ∞ s= 0 β τ exp(ε U i ,t+ s ) l og C i ,t+ s -h C i C i ,t-1+ s - χ i (1 + σ H i ) H 1+ σ H i i ,t+ s , (B . 1)
where E t denotes the expectati on operator, β (0, 1) i s the di scount factor, param eter σ H i > 0 shapes the uti l i ty functi on ofthe j th househol d associ ated to hours worked H i ,t .
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The consum pti on i ndex C i ,t i ssubj ectto externalhabi ts w i th degree h C i [ 0;1)w i th C i ,t-1 the aggregate l agged consum pti on, w hi l e χ i > 0 i s a shi f t param eter al l ow i ng us to pi n dow n the steady state am ount ofhours worked. T he di scount factor i s a ected by a ti m epreference shock ε U i ,t f ol l ow i ng an A R (1) stochasti c process that exogenousl y changes the househol d' si ntertem poralal l ocati on ofconsum pti on over the cycl e.

H ousehol d j th peri od budget constrai nt i sgi ven by: 

w h i ,t H i ,t + D d i ,t-1 1+ R D i ,t-1 (1 + π C i ,t ) + i ,t = C i ,
C i ,t = 1-α C i 1/ µ C (µ-1)/ µ hi ,t + α C i 1/ µ C (µ-1)/ µ f i,t µ/ (µ-1) , (B . 3) 
w here param eter µ > 0 i sthe el asti ci ty ofsubstituti on between dom esti c and f orei gn final goods and α C i [ 0, 1/ 2]m easures the fracti on ofgoods bought abroad. T he correspondi ng

pri ce i ndex i s,P C i ,t = ( 1-α C i P 1-µ h,t + α C i P 1-µ f ,t ) 1/ (1-µ) .
H ousehol ds del egate the wage negoti ati on process to uni ons.H ousehol ds provi de di f- that the trade uni on i s abl e to m odi fy i ts wage w i th a probabi l i ty 1 -θ W i ,the j th uni on chooses the nom i nalopti m alwage W * i ,t to m axi m i ze i ts expected sum ofprofits: In the second-stage,the i nterm edi ate firm i setspri cesaccordi ng to a C al vo m echani sm .

E t X ∞ s= 0 θ W i s i ,t+ s W * i ,t P C i ,t+ τ s Q k= 1 1+ π C i ,t+ k-1 ξ W i -exp(ε W i ,t+ s )w h i ,
Each peri od firm i i s not al l ow ed to re-opti m i ze i ts pri ce w i th probabi l i ty θ P i but pri ce i ncreases by ξ P i [ 0;1) w i th respect to the previ ous peri od' s rate ofpri ce i nflati on,P i ,t = (1+ π i ,t-1 ) ξ P i P i ,t-1 .The i th firm al l owed to m odi f y i tssel l i ng pri ce w i th a probabi l i ty 1-θ P i chooses P * i ,t to m axi m i ze i ts di scounted sum ofprofits: The capi talrequi red by the i nterm edi ate firm i n the producti on process i s financed by an entrepreneur that bel ongs to the sam e busi ness uni t i . T he bal ance sheet of the i th entrepreneur i sgi ven by:

E t X ∞ s= 0 θ P i s i ,
q i ,t K i ,t = L H i ,t + N i ,t . (B . 7)
D efini ng Q i ,t K i ,t asthe am ountofcapi talto be financed by entrepreneuri ,q i ,t = Q i ,t / P C i ,t i s therealshadow val ueofcapi talgoods.T hi squanti ty q i ,t K i ,t i sfinanced by theentrepreneur through tw o m eans: i ts net w eal th N i ,t and the realam ount borrowed from the banki ng system , L H i ,t+ 1 . Form al l y, l oan dem ands are subject to externalhabi ts as fol l ow s: 2015),em pl oyed here i n a contextofa financi alaccel eratorm odel .D uri ng phases ofrecessi on characteri zed by asset pri ce col l apses ofq i ,t ,thi s f ri cti on prevents the totalstock ofl oans to fal lat the sam e rate as the pri ce offinanci alassets,thus m aki ng credi t l ess procycl i calconsi stentl y wi th em pi ri calevi dence.Si nce these habi tsdon' tdi rectl y a ect the first order condi ti on of the entrepreneur (as the overal lprobl em ofthe entrepreneur can be expressed i n term sof physi calcapi taldi rectl y),thei r i m pl i cati ons on entrepreneurs'profits i s rather m i nor but l arge for financi ali nterm edi ary faci ng a persi stent dem and for l oans.

L H i ,t = L d i ,t -h L i (L d i ,t-1 -L d i )wi th the habi tdegree h L i [ 0, 1),L d i ,
To i ntroduce corporate cross-borderl endi ng,wef ol l ow Pouti neau and Verm andel( 2015)

and Brzoza-B rzezi na et al .( 2015) by adopti ng a C ES functi on that bundl es dom esti c and f orei gn l oans o ered by banks operati ng i n the m onetary uni on: 39

L d i ,t = 1-α L i 1/ υ L d hi ,t (υ-1)/ υ + α L i 1/ υ L d f i,t (υ-1)/ υ υ/ (υ-1) . (B . 8)
H ere, param eter υ 0 i s the el asti ci ty of substi tuti on between dom esti c and f orei gn i nterbank funds,α L i [ 0, 1/ 2]represents the percentage ofcross-border i nterbank l oan flow s i n the m onetary uni on and L d hi ,t (resp. L d f i,t ) the am ount ofdom esti c (resp. forei gn) l oans dem anded by borrow i ng entrepreneurs l i vi ng i n country i . A s a consequence, the bor-38 In the estimation exercise, we use the total stock of loans, they are of diff erent mat urit ies implying a st rong aut ocorrelat ion. Simply by int roducing loan demand habit s, t aking int o account t he high aut ocorrelat ion of loans becomes t ract able easily and does not change t he st eady st at e of t he model. For inst ance in 1999, loans wit h a mat urity above one year represent ed 64% of t he out st anding st ock of loans in t he Eurosyst em.

39 Kollmann et al. ( 2011) provides a complement ary way of int roducing cross-border lending t hrough global banks. However, t his approach assumes a perfect credit market int regrat ion between Euro participants that is not consistent with the data. Alternatively, [START_REF] Dedola | Financial frict ions, financial int egrat ion and t he int ernat ional propagat ion of shocks[END_REF] int roduce cross-border loans t hrough a port folio problem t hat requires a second order approximat ion t o t he policy function, which poses an issue when putting the model to the data.

$ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7 row i ng cost i s a C ES aggregate of hom e and forei gn credi t rates defined as: 1+ P

L i ,t = ((1 -α L i )(1 + R L h,t ) 1-υ + α L i (1 + R L f ,t ) 1-υ ) 1/ (1-υ) .
R egardi ng financi al fri cti ons, w e rei nterpret the financi al accel erator à la [START_REF] Bernanke | T he financial accelerator in a quantitative business cycle framework[END_REF] f rom a banki ng perspecti ve i n order to have state-conti ngent l endi ng rates needed to i ntroduce m acroprudenti alm easures. 40 To do so,we f ol l ow the m odel l i ng devi ce of Pouti neau and Verm andel (2015) that provi des a m i cro-foundati on for the financi al accel eratorm echani sm rel yi ng on bi ased expectati onsofentrepreneursi nstead ofa standard m oralhazard probl em . T he i nvestm ent projects undertaken by the entrepreneur are ri sky and di erw i th respectto thei ri ndi vi dualreturns. To m odeli ndi vi dualri ski ness,weborrow f rom B ernanke etal .(1999)and assum e thateach projecthasan i ndi vi dualreturn equalto ω 1+ R k i ,t ,i.e. that the aggregate return ofi nvestm ent projects i n the econom y 1 + R k i ,t i s m ul ti pl i ed by a random val ue ω. T he representati ve entrepreneur conducts a m ass ω of di versi fied i nvestm ent projects and the profit ofthe ω t h i nvestm ent project i sgi ven by:

E i ,t (ω)= ωE t 1+ R k i ,t+ 1 q i ,t K i ,t (ω)-1+ P L i ,t L H i ,t (ω), (B . 9)
In order to acquire a l oan,entrepreneurs have to engage i n a financi alcontract before the real i zati on ofω. 41 A f ter engagi ng i n the financi alcontract,entrepreneurs recogni ze ex post the val ue ofω C i ,t whi ch separates the defaul t space (ω < ω C i ,t ) f rom the space ofgai ns (ω ω C i ,t ). T hereby the ex post threshol d separati ng the defaul tspace f rom the profitabl e space i s com puted trough the zero profit condi ti on on Equati on B . 9:

ω C i ,t 1+ R k i ,t q i ,t-1 K i ,t-1 = 1+ P L i ,t-1 L H i ,t-1 . (B . 10)
Fol l ow i ng H el pm an et al .( 2004), w e adapt the Pareto di stri buti on to m odelthe pro-40 T he pat hbreaking cont ribut ion of [START_REF] Bernanke | T he financial accelerator in a quantitative business cycle framework[END_REF] focuses on t he demand side of credit market t hrough a moral hazard problem but neglect s it s supply side and in t urn t he possibility t o int roduce macroprudent ial measures t hat could aff ect t he macroeconomic out come. T heir model is closed assuming t hat lending rat es are pre-det ermined.

41 T he individual ret urn ω is also referred as an idiosyncrat ic shock in t he financial accelerat or lit erat ure. The debt cont ract is conclude before t he idiosyncrat ic shock is recognized which generat es unexpect ed losses for t he ent repreneurs and lenders.

$ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7 ducti vi ty of firm s in a financi al context. Investm ent projects are draw n from a Pareto di stri buti on ω P (κ) wi th support ω [ ω min , + )whe r eκ > 1 i s the shape param eter and ω min > 0 i sthe l owerbound ofthe di stri buti on. G i ven the characteri sti cs ofthe di stributi on,i ti spossi bl eto com putetheshareofprofitabl eproj ects,denoted η E i ,t = (ω min / ω C i ,t ) κ , and thei raggregate val ue,ω i ,t = κ/ (κ -1)ω C i ,t . 42 W hen the entrepreneuri sunderwaterw i th an i nvestm entprojectval ue bel ow the costofcredi t,she endogenousl y def aul tson herl oan and abandons her i nvestm ent project.

To i ntroduce a financi al accel erator m echani sm , we assum e that entrepreneurs have short term di storted expectati ons regardi ng the aggregate profitabi l i ty of their aggregate i nvestm ent projects ωi,t ,thus creati ng a financi al fri cti on i n the econom y w i th dynam i c properti escl oseto B ernankeetal .(1999).T hepercei ved ex ante val ueofprofitabl eproj ects ωi,t+ 1 i s defined by the C ES functi on:

43 g (ω i ,t+ 1 )= ω1/ (1-κ i ) i (ω i ,t+ 1 ) κ i / (κ i -1) , (B . 11)
where κ i [ 0, 1)i sthe el asti ci ty ofthe externalfinance prem i um and ωi i sthe steady state ofω i ,t+ 1 .D uri ng phasesofexpansi on characteri zed by hi gh aggregate returnsabove the the steady state ωi,t+ 1 > ωi ,entrepreneurs'forecasts regardi ng the aggregate profitabi l i ty are opti m i sti cwi th g (ω i ,t+ 1 )> ωi,t+ 1 .In contrastforl ow expected real i zati onsofω i ,t+ 1 bel ow i ts steady state,entrepreneurs tend to hol d pessi m i sti c expectati ons about thei r returns w i th g (ω i ,t+ 1 )< ωi,t+ 1 .Fi nal l y i n steady state,there i sno expectati on bi as,g (ω i )= ωi . 44 Every 42 Using t he charact erist ics of t he Paret o dist ribut ion F (ω), the distribution of stochastic investment project s ω has a posit ive support , is independent ly dist ribut ed (across ent repreneurs and t ime) wit h unit ary mean E [ω] = 1, and density funct ion f (ω). Invest ment project s above t he cut -off value, ω > ω C i ,t , have posit ive profits Π E i ,t (ω) 0 which allows ent repreneurs t o repay it s loans t o t he bank. T he share of profitable projects 1 -F (ω) is computed as, η E = Pr ω ω C = R ∞ ω C f (ω)dω = (ω min / ω C ) κ while t he condit ional expect at ion of ω when ent repreneur's project is gainful is,

η E ω = R ∞ ω C ωf (ω) dω wit h ω = E ω| ω ω C = κ κ -1 ω C .
43 T here is a rich lit erat ure providing evidence t hat ent repreneurs are more opt imist ic compared t o t he general populat ion; for some recent st udies see, e.g., [START_REF] Landier | Financial cont ract ing wit h opt imist ic ent repreneurs[END_REF], [START_REF] Puri | T he economic psychology of ent repreneurship and family business[END_REF], [START_REF] Dawson | Over-opt imism and ent ry and exit from self-employment[END_REF]. 44 It is import ant t o st ress t hat funct ion g ( ωi ,t + 1 ) only aff ect s expect ed ret urns of E t {ω i ,t + 1 }, while for ex post values (e.g., ωi ,t and ωi ,t -1 ) t he ent repreneur recorgnizes t he t rue value of her ret urn.

$ & & ( 3 7 ( ' 0 $ 1 8 6 & 5 , 3 7 shock dri vi ng financi alreturns above or bel ow the steady state w i l ltri gger an accel erati on ofthe busi ness cycl es through these bi ased expectati ons for κ i > 0.

A ggregati ng al lprofitabl e i nvestm ent projects (i . e. above ω C i ,t ) that the entrepreneur does not abandon,i t chooses a capi talval ue ofK i ,t that m axi m i zes i ts profit (before the real i zati on ofω)defined as:

E i ,t = E t η E i ,t+ 1 g (ω i ,t+ 1 ) 1+ R k i ,t+ 1 q i ,t K i ,t -1+ P L i ,t L H i ,t . (B . 12)
Taki ng the first order condi ti on com bi ned w i th Equati on B . 10, the financi al accel erator pri nci pl e em erges through the externalfinance prem i um expressi on:

1+ R k i ,t+ 1

1+ P L i ,t = 1 ω κ κ -1 1- N i ,t q i ,t K i ,t κ i .
(B . 13) U p to a first order,r k i ,t+ 1 -pL i ,t κ i (q i ,t + ki,t -ni,t ), the spread i sa posi ti ve functi on to the capi tal -to-net weal th rati o. U nder thi s assum pti on,the bal ance sheet ofborrowers a ects the borrow i ng condi ti ons and m agni fies the financi alcycl e. T he si ze ofthe accel erator i s determ i ned by the degree ofbi as κ i ofborrowers.

Fi nal l y,the l aw ofm oti on ofthe net weal th i s gi ven by profit obtai ned at the end of peri od t-1:

N i ,t = 1-δ E E i ,t-1 exp(ε N i ,t ), (B . 14)
where δ E [ 0, 1]i sthe netweal th decay that i srel ated to the defaul trate ofentrepreneur (endogenousl y determ i ned i n steady state) and ε N i ,t i s an A R (1) shock to the net weal th ofentrepreneurs w hi ch captures exogenous vari ati ons i n stock pri ces and the dem and for l oans. ) µ/ (µ-1) , (B . 16) w here param eter µ i s the el asti ci ty of substi tuti on between dom esti c and f orei gn goods i n i nvestm ent and α I i m easures the degree ofi nvestm ent di versi ficati on i n the m onetary uni on between hom e and forei gn countri es. T he correspondi ng pri ce i ndex ofi nvestm ent i s,P I i ,t = ( 1-α I i (P h,t ) 1-µ + α I i (P f ,t ) 1-µ ) 1/ (1-µ) .

T he representati ve capi talsuppl i er chooses I i ,t to m axi m i ze i ts realdi scounted profits: m ax i sthe rel ati ve pri ce ofi nvestm ent goods.

Fi nal l y regardi ng capi taluti l i zati on,the opti m alrate ofuti l i zati on i sgi ven by:45 a 0 (u i ,t )= Z i ,t , wi th a (u i ,t )= Z (u i ,t -1)+ 0.5ψ i / (1 -ψ i ) Z (u i ,t -1) 2 , (B . 18)

where ψ i (0, 1) i s the el asti ci ty ofutil i zati on costs w i th respect to capi tali nputs. A s i n Sm ets and W outers (2003,2007),capi talrequi res one peri od to be settl ed so that uti l i zed capi tali sdefined as,K u i ,t = u i ,t K i ,t-1 .
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Appendix B.5. Monetary and fiscal policy N ati onalgovernm ents finance publ i c spendi ng by chargi ng l um p-sum taxes to househol ds t i ,t . T he totalam ount oftaxes finance publ i c spendi ng w i thout contracti ng publ i c debt such that the publ i c budget i s al ways bal anced. A s i n Sm ets and W outers (2003,2007),the l evelofspendi ng G i ,t i s exogenousl y determ i ned as a constant fracti on ofoutput g Ȳ exp(ε G i ,t ),w here g Ȳ i s the fix com ponent and ε G i ,t i s the ti m e-varyi ng com ponent of spendi ng that fol l ow s a standard A R (1) shock process. Param eter g [ 0, 1) i s the steady state spendi ng-to-G D P rati o. It i s i m portant to m enti on that we om i t sei gni orage revenuesthatcoul d begi ven to fiscalauthori ti esasthei ri ncl usi on generatesan expl osi ve path of deposi ts. 46 Thi s coul d be a l i m i tati on of our m odel , how ever [START_REF] Leeper | Equilibria under act ive and passive monet ary and fiscal policies[END_REF] i ndi cates sei gni oragerepresentsa sm al lfracti on ofgovernm entrevenuesfordevel oped econom i esthus show i ng that i ts om i ssi on does not seem to be i m portant for the anal ysi s conducted here.

C oncerni ng federalm onetary pol i cy,the generalexpressi on ofthe i nterest rul e i m pl em ented by the m onetary uni on centralbank fol l owsthe l i near rul e: T he generalequi l i bri um ofthe m odeli s setas f ol l ows. A f ter (i )aggregati ng al lagents and vari eti esi n theeconom y,(ii)i m posi ng m arketcl eari ng foral lm arkets,(iii)substi tuti ng the rel evant dem and functi ons,(i v)norm al i zi ng the totalsi ze ofthe m onetary uni on (n c + n p = 1)such thatthe si ze ofthe core area i sn and the peri pheralarea si ze i s1-n,we get the generalequi l i bri um condi ti ons ofthe m odel . W e can express the aggregati on functi on ofvari abl e X t (x) as: G (X i ,t (x)) = R n 0 X i ,t (x)dx for i = c and G (X i ,t (x)) = R 1 n X i ,t (x)dx f or i = p.

R t -R = ρ R t-1 -R + (1-ρ)(φ π π C t + φ ∆ y (Y t -Y t-1 ))+ ε R t , ( 
Thus, repl aci ng the dem and functi ons of forei gn and hom e goods (consum pti on and i nvestm ent),we final l y obtai n the hom e finalgoods m arket equi l i bri um : where P i ,t = G (P i ,t (i )/ P i ,t ) -P denotes the pri ce di spersi on term ,w hi ch i si nduced by the assum ed nature ofpri ce sti cki ness.

Y c,
C oncerni ng the corporate l oan m arket,recal lthatentrepreneursborrow to dom esti cand f orei gn banks w i th vari eti es b produced by l i qui d i l l i qui d banks,l eadi ng to the fol l ow i ng equi l i bri um for each country: Turni ng to the i nterbank m arket,the perfect com peti ti on i nvol ves no i nterest rate di spersi on betw een l oan vari eti es.Itcl ears w hen the fol l ow i ng condi ti on between l i qui d banks and hom e and forei gn i l l i qui d bankshol ds: 

L s c,

  , t he ESRB handbook (2014), ECB (2015, Financial St ability Review, May), Bank of England (2015, Staff Working Paper).
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 1 Figure 1: Stylized fact s charact erizing t he Eurosyst em banking syst em: credit cycles remain clearly nat ional while cross-border lending experienced an import ant growt h

  i n the Eurozone w i th a cl osed econom y setup. N otabl y,D arracq-Pari ès et al .(2011) and A ngel i nietal .(2014)bui l d a D SG E m odeloftheEurozonecl ose to G eral ietal .(2010)w i th both corporateand housi ng credi tm arketsand eval uatetheopti m alm i x between m onetary

  A s a consequence,the financi alsector i scom bi ned w i th a standard tw o-country D SG E m odel accounti ng for short run ri gi di ti es i n goods pri ces and nom i nalwages. In what f ol l ow s, we outl i ne the m ai n assum pti ons regardi ng the functi oni ng ofthe financi alsector that are deem ed necessary to i m prove both the tractabi l i ty ofthe analysi sand the esti m ati on ofthe m any behavi oral param eters of the D SG E structure. Som e m odel l i ng choi ces have been donei n l i new i th the D SG E l i terature thatcontrastw i th a m ore standard descri pti on ofthe behavi orofthe banki ng sectorassum m ari zed by Frei xasand R ochet(2008)and VanH oose (2009). A s i n the i ni ti al contri buti on of G eral iet al .(2010), thi s m acro superstructure i s augm ented wi th a hi ghl y si m pl i fied banki ng m odel . A host ofassum pti ons shoul d be i nvoked thate ecti vel y spl i ntera bank' sdeci si onsi nto i ndependentchoi cesaboutdi erent porti ons ofi ts bal ance sheet. 9

  B aselIIIregul atory standards i nto EU l aw . 10 To account for thi s com pulsory m acroprudenti ali nstrum ent,w e borrow the m odel l i ng devi ce ofD arracq-Pari ès et al . (2011)and A ngel i nietal .(

H

  ere agai n,an i ncrease i n bank capi talrequi rem ents rai ses the bank' scostofl endi ng,and i n turn i ncreasesboth i nterbank and corporate i nterestrates.T hi sresul ti sconsi stentw i th standard busi ness cycl e m odel s and i s ref erred to the bank capi talchannelas i n Van den H euvel(2008), M eh and M oran (2010), D arracq-Pari ès et al .(2011) and A ngel i niet al .

(

  2013)through i m perf ectcom peti ti on am ong banki ng system s. T he setti ng ofi nterestrate m i m i cs the w ay other sti cky nom i nal vari abl es such as pri ces and w ages are set i n the m odel . As i n D arracq-Pari ès et al .(2011), w e i ntroduce a C al vo m odel for credi t rates to firm s and deposi t rates whi l e the i nterbank rate i s l eft flexi bl e as banks operate under perfect com peti ti on on the i nterbank m arket. B anks m ust sol ve a two-stage probl em . In the first stage, banks m i ni m i ze the cost of m anagi ng thei r f unds on a com peti ti ve i nput m arkets by com puti ng the m argi nalcost ofsuppl yi ng an addi ti onall oan to borrowers and a deposi tservi ce to househol ds.T he com putati on ofthese m argi nalcostshasal ready been perform ed i n the previ ous subsecti on. In a second stage,they operate under m onopol i sti c com peti ti on by appl yi ng a m arkup (m arkdow n) on thei r com m erci all oan (deposi t) rate, and set the i nterest rate on a staggered basi s.U si ng a C al vo nom i nalri gi di ty device,each
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  3.1. Data W espl i tthe Eurozone i n two groupsadopti ng the core-peri phery di chotom y asi n Q ui nt and R abanal(2014)and Pouti neau and Verm andel(2015). C ore countri es gather A ustri a, Bel gi um ,G erm any,Fi nl and,France,Luxem bourg and N etherl ands w hi l e peri pheralcountri es i ncl ude Spai n, G reece, Irel and, Ital y and Portugal . The m odeli s esti m ated wi th Bayesi an m ethods on Eurozone quarterl y data over the sam pl e peri od 1999Q 1 to 2013Q 4, whi ch m akes 60 observati ons for each observabl e vari abl e. C oncerni ng the transform ati on ofseri es,the poi nt i s to m ap non-stati onary data to a stati onary m odel . D ata whi ch are $ &&(37(' 0 $ 1

  3.2. Calibration, priors and model assumptionsW e fix a sm al lnum ber ofparam eters com m onl y used i n the l i terature ofrealbusi ness cycl es m odel swhi ch are w eakl y i denti fied. T he di scount factor β i s set at 0. 99,the depreci ati on rate δ at 0. 025,the capi talshare α at 0. 38,the share ofsteady state hours w orked H at1,the spendi ng to G D P rati o g at24% . 21 C oncerni ng P and W (the substi tutabi l i ty between finalgoodsand l abor),we consi derthe cal i brati on at10 as i n Sm etsand W outers(2007). R egardi ng financi al param eters, w e fix N / K (the net w orth to capi tal ) rati o to 0.40 to be consi stent w i th the observed debt-to-financi alassets rati o ofnon-financi alcor-hi ch fluctuates between 50% and 65% si nce 1999. T he steady state val ue of spreadsand the bank bal ance sheetare cal i brated on thei raveragesobserved overthe sampl eperi od i n theEuro A rea: R-RD = 1. 66/400, RL -RD = 3. 67/400, D / L s = 0. 46,r wa= v= 0. 10 and I B d / L s = 0. 20. T he capi talregul ati on cost χ k i s set at 11 as i n G eral iet al .(2010) to repl i cate the response ofcredi tand i nterest rate to a capi talrequi rem ent ri se.

)$

  Thi s assum pti on i s reasonabl e f or two m ai n reasons.Fi rst over the sam pl e peri od,capi tal regul ati on hasbeen m ai nl y dom i nated by the B aselIA ccordscharacteri zed by fixed capi tal requi rem entrati os.Second,even through the adopti on ofthe B aselIIIA ccordsal l ow sEuro A rea countri es to em pl oy the countercycl i calcapi talbu er as a shi el d agai nstthe bui l d up of financi al i m bal ances, i t has not been yet em pl oyed by a parti ci pant of the m onetary uni on. 25 ethodol ogy em pl oyed i sstandard to the B ayesi an esti m ati onsofD SG E m odel s.26 Tabl e B. 7 reports esti m ati on resul ts w hi ch sum m ari zes the m eans and the 5th and 95th percenti l esoftheposteri ordi stri buti onsw hi l ethel atteraredraw n i n Fi gureB . 6.A ccordi ng to thi s figure, pri or and posteri or di stri buti ons are rel ati vel y di erent show i ng that the data w ere fai rl y i nform ati ve. Several param eters are wel li denti fied for one country but weakl y f or the other econom y,w e deci de to keep these param eters i n the fit exerci se after checki ng that thei r weak i denti ficati on does not a ect our esti m ati ons (i . e. cal i brati ng these param eters and re-esti m ati ng the m odelprovi des very si m i l ar resul ts). W hi l e our esti m ates ofthe standard param eters are i n l i ne w i th the l i terature (see fori nstance Sm ets and W outers(2003)and Q ui ntand R abanal(2014)),severalobservati onsare worth m aki ng by com m enti ng the m ean ofthe posteri or di stri buti on ofstructuralparam eters.

4. 1 .

 1 The suboptimality of the federal solution T he countercycl i calcapi talbu er(C C B ,henceforth),asdefined i n theB aselIIIaccords (2010)and ESR B handbook (2014),i san i nstrum entdesi gned to contai n the procycl i cal i ty ofthe financi alsector. Iti sai m ed atbui l di ng up a capi talbu er w hen threats to resi l i ence are hi gh or duri ng peri ods ofexcessi ve credi t growth and can be rel eased w hen system i c ri sks abate. T he ESR B has sel ected the credi t-to-gdp gap as a l eadi ng i ndi cator to si gnal upcom i ng cri ses that the C C B i s m eant to m i ti gate. A naturaltransl ati on ofthe CCB' s objecti ve i n our setup corresponds to the m i ni m i zati on ofthe vari ance ofthe credi t-to-n the m onetary uni on: 27

  ) employs an ad hoc loss function that fairly portrays the objective of macroprudential policy. Most of the lit erat ure follows Woodford's approach, such as Darracq-Pariès et al. (2011) and[START_REF] Angelini | T he int eract ion between capit al requirement s and monet ary policy[END_REF]. m ated param eters ofTabl e B. 7. 28 O pti m alwei ghts i n the Tayl or rul e are respecti vel y ρ= 0. 99,φ π = 4. 38,φ ∆ y = 0. 5.

  e: for each value of t he shar e of for eign loans in t he port folio of ent r epreneur s (denot ed α L i ) and banks (denot ed α I B i ), we comput e t he opt imal macroprudent ial policy for four diff erent schemes. T he loss funct ion is an average bet ween core and periphery det ailed in Equat ion 17. Capit al inflows-adjust ed policy is not report ed as it s loss is t oo high compared t o alt ernat ive schemes.

Figure 3 :

 3 Figure3: T he role of cross-border banking in t he scheme ranking.

  Fi nal l y C C B ratesadjusted to capi tali nflow s fai latprovi di ng m acroeconom i c stabi l i ty in parti cul ar for the peri pheral country. T he shock i n the core country generates a re-al l ocati on ofcredi tf rom core to pe-Opt imal M oPo + M aPru (demand union)Opt imal M oPo + M aPru (demand nat ional)

Figure 4 :

 4 Figure4: System response to an estimated negative productivity shock in core countries η A c,t measured in percent age deviat ions from st eady st at e under diff erent macroprudent ial policy rules (domest ic or unionwide supply/ demand/ inflows t arget ing).

AFigure 5 :

 5 Figure 5: Syst em response t o an est imat ed negat ive firms net wealt h shock in peripheral count ries η N p,t measured in percent age deviat ions from st eady st at e under diff erent CCB regulat ion schemes (domest ic or union-wide supply/ demand/ inflows t arget ing).
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  rst,Tabl e 4 reports the sensi ti vi ty anal ysi softhe m ai n resul tsto the cal i brated val ue ofsom eunderl yi ng param eters. T he firstexperi m entsf ocuson thewei ghtparam etersofthe

$

  Furtherm ore, a cl oserl ook atthe m acroprudenti alparam eters show s that the nature ofthe shock a ects

i$

  nteresti ng questi on for future research i sto eval uate how thi sresul tf avori ng sel f -ori ented m acroprudenti al m easures m ay be a ected by the choi ce of al ternati ve m acroprudenti al i nstrum ents. T heconstructi on ofan ori gi nalwel farei ndex,thatfeaturesa trade-o between m acroeconom i cand financi alstabi l i ty,could be a nextstep ofresearch.Fi nal l y,the anal ysi s oftheC C B ratethrough a R am sey al l ocati on probl em coul d al so bepartofa very gratef ulto the edi torsand three anonym ousreferees for thei rhel pfulcomm ents that hel ped us to i m prove si gni ficantl y the paper.W e thank Taryk Bennani ,A mbrogi o Cesa-Bi anchi ,Jean-Bernard Chatel ai n, Laurent C l erc, Patri ck Fève, Jul i en Idi er, Chri sto erK ok,John Lew i s,Pi erLopez,M arco R atto,K arlW al enti n and RafW outersf or thei rcom m ents. W e are gratefulto JohannesPfei ferforprovi di ng codesforopti m alpol i cy rul es w i th restri cti ons. W e thank Jean-Pi erre A l l egret,M anuelM ota Frei tas M arti ns and Tovonony R azafindrabe for thei r di scussi ons as wel l as parti ci pants at the conference i n InternationalM acroeconom i cs i n Pari s,the C onference i n C om putati onalEconom i cs,the InternationalSym posi um i n M oney C redi tand Banki ng i n Lyon,the French Econom i c A ssoci ati on annualm eeti ng i n Lyon and sem i narsatthe B ank ofEngl and and the B anque de France. T hi spaperwaswri tten w hi l e G authi erVerm andelw asw orki ng forEuropean C en-tralBank,D G M acroprudenti alPol i cy and Fi nanci alStabi l i ty,M acro-Fi nanci alLi nkages D i vi si on. W e rem ai n responsi bl e f or any errors and om i ssi ons. A ppendix A . D ata sources G ross dom esti c product: m i l l i onsofnati onalcurrency,currentpri ces,quarterl y l evel s,seasonal l y adj usted -sources Eurostat. P ri vate final consum ption expenditure: m i l l i ons ofnati onalcurrency,current pri ces,quarterl y l evel s,seasonal l y adj usted -sources Eurostat. G ross fixed capital form ation: m i l l i ons ofnati onalcurrency,current pri ces, quarterl y l evel s,seasonal l y adj usted -sources Eurostat. G D P deflator: D eseasonal i zed usi ng a m ul ti pl i cati ve decom posi ti on -sources Eurostat. Loans to N on-F inancial corporations: Index ofN oti onalStocks,Totalm aturi ty,Euro area (changi ng com posi ti on) counterpart, D eseasonal i zed usi ng a m ul ti pl i cati ve decom posi ti on, m onthl y data (aggregated to get quarterl y data) -sources ECB (internal backcasted series).Loans to M FIs: Index ofN otionalStocks,Totalm aturi ty,Euro area (changi ng com posi ti on) counterpart, D eseasonal i zed usi ng a m ul ti pl i cati vedecom posi ti on,m onthl y data (aggregated to getquarterl y data)-sources ECB (internal backcasted series). B orrow ing cost: m onthl y (taken i n average to get quarterl y data),C redi t and other i nsti tuti ons (M FI except M M Fs and up to 1 year; B S counterpart sector: N on-Fi nanci al corporati ons (S. 11); O utstandi ng am ount -sources ECB (internal backcasted series). D eposi t rate: m onthl y (taken i n average to get quarterl y data),Fi rm s and H ousehol ds;-sources ECB (internal backcasted series). M oney m arket rates: m oney m arket i nterest rates, one year m aturi ty,quarterl y data -sources Eurostat. A ppendix B . T he non-banking part of the m odel W e extend the m odelof Pouti neau and Verm andel(2015) to account f or the conduct ofm acroprudenti alpol i cy i n an heterogenous m onetary uni on such as the Euro A rea.O ur m odeldescri bes a m onetary uni on m ade oftwo asym m etri c countri es i {c, p} (where c

Appendix B. 4 .$

 4 Capital goods producersThe capi talproducer rents and refurbi shes the capi talstock used by i nterm edi ate firm s and financed by the entrepreneurs on a com peti ti ve m arket. T he l aw ofm oti on ofphysi cal determ i ned by:K i ,t = 1-S((exp(ε I i ,t )I i ,t / I i ,t-1 ) I i ,t + (1-δ)K i ,t-1 , (B . 15)where ε I i ,t i s a stochasti c process w hi ch captures exogenous changes i n asset pri ce fluctuati ons and the adjustm ent cost f uncti on taken from Sm ets and W outers (2007) reads as: S(x t )= χ I i (x t -1) 2 wi th χ I i 0 i sthe adj ustm entcost.In addi ti on,i nvestm enti scom posed ofdom esti c and f orei gn goods sum m ari zed by a CES f uncti on:

Fi

  B . 19)whereε R t i sa m onetary pol i cy shock com m on to them onetary uni on m em bers,φ π 1 i sthe i nflati on target param eter, φ ∆ y i s the G D P grow th target.A s m onetary pol i cy responds to the aggregate evol uti on of i nflati on and acti vi ty in the m onetary uni on, recal l thatπ C t = n c π C c,t + n p π C p,t and Y t = n c Y c,t + n p Y p,t .Appendix B.6. Stochastic shock processes To be i n l i ne w i th the benchm ark m odel of Sm ets and W outers (2003) f or the Euro A rea,al lour random processes fol l ows an A R (1) speci ficati on.Each part ofthe Eurozone i ncl udes 10 country-speci fic shocks for s = {A, G, U, I , P, W, N , D , B , L } such that: nal l y both part ofthe m onetary uni on are a ected by a com m on m onetary pol i cy shock i n Equati on B . 19 defined as,ε R t = ρ R ε R t-1 + η R t wi th η R t N (0, σ R ). Markups shocks for m = {P, W, D } are norm al i zed to one,asi m pl i ci tl y assum ed i n Sm etsand W outers(2003), by di vi di ng thei r stochasti c i nnovati ons η m i t by the el asti ci ty ofthe li near N ew K eynesi an Phi l l i ps curve,(1-βθ m i )(1-θ m i )/θ m i . Appendix B.7. Aggregation and market clearing

  Figure B.6: Prior and post erior dist ribut ions of st ruct ural paramet ers.

Table 1

 1 Various Macroprudent ial Policy Schemes in t erms of Target (average in t he monet ary union, nat ional supply or nat ional t arget ) and in t erms of policy st ance (common or nat ional-adjust ed)

	Schemes	Target
	L oan Suppl y Tar get ing 1.a Union-wide loan supply 1.b Nat ional loan supply	T t = (L s t + (1 -λ)I B s t )/ Y t T i ,t = (L s i ,t + λI B d i ,t )/ Y i ,t for i {c, p}
	L oan Demand Tar get ing	
	2.a Union-wide loan demand 2.b Nat ional loan demand	T t = (L d t + λI B d t )/ Y t T i ,t = (L d i ,t + λI B d i ,t )/ Y i ,t for i {c, p}
	Capit al I nf l ow s Tar get ing	
	3 Capital Inflows	T

Table 2

 2 Loss-based ranking of diff erent macroprudent ial policy implement at ion schemes

	Scheme	ρ υ c	Opt imal St ances φ c ρ υ p	φ p	L	Loss L c	L p
	L oan 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
	L oan 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 I nf l ow s Tar get ing						
	3. Capit al Inflows	0.53	2.36	0.15	0.57	19.7407 13.5852 28.241

Table 3

 3 Macroeconomic performances of diff erent implement at ion schemes in comparison t o t he opt imal policy benchmark

					St andard deviat ions (%)			Correlat ion
	Scheme		ŷc,t	ls c,t	Core i ˆbc,t	ŝL c,t	ŷp,t	Periphery ls p,t i ˆbp,t	ŝL c,t	corr( ŷc,t , ŷp,t )
	M onet ar y Pol icy Onl y								
	Benchmark	100	100	100	100	100	100	100	100	0.15
	L oan 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
	L oan D emand 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 I nf l ow s Tar get ing								
	3	Capital Inflows	93.42 138.3 73.27		96.33	79.92 88.94 90.46	0.37

Table 4

 4 Sensit ivity analysis of scheme ranking t o diff erent calibrat ed paramet ers

					Euro area loss L
			1.a	1.b	2.a	2.b	3
	Loss out put st abilizat ion λ y = 0 λ y = 5	5.4076 0.0071 5.4787 0.67336 6.0138 0.4063 5.9196 1.0906	19.7407 16.7659
		λ y = 10	6.5325 0.8036 6.5119 1.5042	20.8989
	Loss policy inst rument	λ ν = 0	5.4063 0.0004 5.5147 0.66152	19.9706
		λ ν = 5	5.7099 0.28443 5.7186 0.97562	20.1045
		λ ν = 10	5.9328 0.53581 5.9252 1.1936	20.4273
	Loan substitutability	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 count ries	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 int erest rat es	θ L i = 0 θ D i = 0 θ L i = θ D i = 0	5.9139 0.0058 5.8096 0.65304 5.8987 0.0074 5.8685 0.66579 5.9067 0.0059 5.8446 0.66382	17.8474 16.6966 21.3504

Table 5

 5 Robust ness check: opt imal monet ary and macroprudent ial Policies condit ional on shocks

			Monetary			Macroprudential			Loss
	Scheme	ρ	Policy φ π	φ ∆ y	ρ υ c	Policy φ c ρ υ p	φ p	Union L u	Core L c	Periph L p
					Suppl y Shock s			
	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	C a p i ta lIn flows	0.94	5	0.5	0.81 3.63 0.43 0.98	1.9538	1.5535	2.5065
					Demand Shock s			
	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	C a p i ta lIn flows	0.99	1	0.5	0.76 3.68 0.08 0.41	12.7015 11.5068 14.3513
				Financial Shock s			
	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	C a p i ta lIn flows	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 t heir associat ed cross-correlat ion. Supply shocks group gat hers product ivit y shocks η A i ,t ; Demand shocks group gat hers spending η G i ,t , preferences η U i ,t and invest ment η I i ,t ; Financial shocks gat hers collat eral crunch η N i ,t , riskiness η Q i ,t and deposit cost -push η D i ,t innovat ions.

Table 6

 6 Sensit ivity analysis of scheme ranking t o financial st ruct ural asymmet ries

				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 rat e of default Share of illiquid banks Corporat e net wealt h-t o-asset s rat io Np / K p = 0.2 1 -ηE p = 0.0125 λ p = 0.48 Bank leverage rat io B K c / Āc = 0.06	6.6312 0.0078 6.6535 0.58638 22.6661 6.0702 0.0078 6.3512 1.9242 21.7665 7.4030 0.0070 7.3528 0.55023 22.8376 6.5421 0.0163 6.5513 0.64037 19.651

  . T he representati ve househol d spends thi s i ncom e on consum pti on,deposi ts and tax paym ents for a realam ount oft i ,t .Fi nal l y,we assum e that the househol d hasto pay quadrati cadj ustm entcoststo buy new deposi ts, 35 these costsare pai d i n term s hom e goods wi th rel ati ve pri ce p i ,t = P i ,t / P C i ,t where P i ,t i s the producti on pri ce i ndex ofhom e produced goods w hi l e P C i ,t i sthe consum pti on pri ce i ndex. H ousehol ds consum e both hom e and forei gn goodsand thei rcorrespondi ng consum pti on basketfol l ow s a standard C ES functi on:

	t + D d i ,t + t i ,t + p i ,t AC D i ,t .	(B . 2)
	The i ncom e of the representati ve househol d i s m ade of l abor i ncom e w i th the desi red
	real w age w h i ,t , 34 i nterest paym ents for deposi t servi ces D d i ,t and real earni ngs i ,t f rom
	sharehol di ngs of firm s and uni ons. T he i nterest rate i s deflated by the consum er pri ce
	i nflati on rate 1+ π C i ,t = P C i ,t / P C i ,t-1	

  34 As explained below, t he desired wage is negot iat ed by a t rade union.35 T his cost is almost neut ral on t he dynamic of t he model and is necessary t o remove an unit root component which is st andardly induced by t he int ernat ional nat ure of our model. See Schmit t -Grohé and Uribe (2003) for an ext ensive discussion and solut ions regarding this issue. T he funct ional form we choose erenti ated l abor types, sol d by l abor uni ons to perfectl y com peti ti ve l abor packers w ho assem bl e them i n a C ES aggregatorand sel lthe hom ogenousl aborto i nterm edi ate firm s. 36 U ni ons negoti ate the realm argi n betw een the realdesi red wage ofhousehol ds w h i ,t and the realm argi nalproduct ofl abor W i ,t / P C i ,t .U si ng a Cal vo wage nom i nalri gi di ty device,each peri od a random fracti on θ W i ofuni ons i s unabl e to re-negoti ate a new w age. A ssum i ng
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	is: AC D i ,t (j ) = 0.5χ D (D d i ,t (j ) -D i ) 2 / D i , where D i is the steady state level of deposits and χ D > 0 is the cost paramet er.

f

  Interm ediate firm s produce di erenti ated goods,deci de on l abor and capi tali nputs on a perf ectl y com peti ti ve i nputsm arketand setpri cesaccordi ng to the C al vo m odel .The i th firm has the fol l ow i ng C obb-D ougl as technol ogy: to househol d and (exogenous) technol ogy ε A i ,t . Interm edi ate firm s sol ve a two-stage probl em . In the first stage,taki ng the reali nput pri ces w i ,t and z i ,t as gi ven,

	t+ s H i ,t+ s , i ,t i san ad-hoc wage-push shock to (B . 4) where i ,t+ τ i shousehol d' sstochasti c di scount factor,ε W therealwageequati on fol l ow i ng an A R (1)processw hi ch capturesexogenousfluctuati onsi n the wage m argi n negoti ated by uni onsand a ectsi n turn the producti vi ty ofthe econom y. Appendix B.2. Firms $ 1 8 6 & 5 , 3 7
	0
	Y i ,t = exp(ε A i ,t ) K u i ,t whereY i ,t i sthestandard producti on functi on thatcom bi nes(uti l i zed)physi calcapi talK u α H d i ,t 1-α , (B . 5) i ,t , l abor dem and H d i ,t firm srenti nputsH d i ,t and K u i ,t i n a perf ectl y com peti ti ve factorm arketi n orderto m i ni m i ze costs subject to the producti on constrai nt (B. 5) to determ i ne the realm argi nalcost mc i ,t . $ & & ( 3 7 ( '

  oansofthe previ ousperi od and L d i the steady state stock ofl oans.38 Em pi ri cal l y,firm sand banks operati ng i n the Euro A rea choose l onger debt m aturi ti es than the standard oneperi od contract usual l y used i n realbusi ness cycl e m odel s. T hen the term h L i L d i ,t-1 al l ow s f or sl ow adjustm ent over ti m e ofthe bal ance sheet constrai nt,to capture the i dea that i n practi ce borrowers do not readjust thei r outstandi ng am ount ofl oans every quarter. T hi s approach ofi ntroduci ng sl ow adjustm ent ofcredi t i s cl ose to Iacoviel l o (
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In this paper, we omit the mortgage market and concentrate on corporate and interbank loans. Given t he insignificant size of cross-border housing loans in t he port folio of banks (t he share of cross-border loans is below 1% in t he Euro Area according t o ECB int ernal dat a), t his omission does not seem t o be import ant for t he analysis conduct ed here.

We refer t o[START_REF] Carboni | Exploring t he nexus between macro-prudent ial policies and monet ary policy measures: Evidence from an est imat ed DSGE model for t he euro area[END_REF] for a discussion regarding t he macroprudent ial policy mandat e in t he Euro Area shared between European Cent ral Bank and t he Single Supervisory Mechanism, nat ional compet ent aut horit ies and coordinat ed by t he European Syst emic Risk Board.

A import ant branch of t he lit erat ure analyzed t he int eract ion between monet ary policy and financial st ability, a t opic not covered in t he paper as we concent rat e here on int eract ions between nat ional prudent ial aut horit ies. We refer t o Woodford (2012) for a summary of policy challenges and result s off ered by t he exist ing lit erat ure concerning t he role of monet ary policy in providing financial st ability.

We suppose t hat t hey follow an exogenous AR(1) shock process ε B i ,t such t hat , l i ab i ,t = e ε B i ,t li ab i , this shock capt ures some aggregat e movement s in t he funding const raint araising from t he wholesale funding market , see for inst ance[START_REF] Pérignon | Wholesale funding dry-ups[END_REF] for an analysis of liquidity runs on t he French unsecured market of cert ificat es of deposit s.

Empirically, Fraisse et al. (2013) find at a bank level t hat one percent age increase in capit al requirement s leads t o a reduct ion in lending by approximat ely 10%.

Ot her indicat ors (such as early warning variables) are included in t he CCB guide which are not implement able in our model.

 18 In an open economy cont ext where banks can lend across borders, banks supply credit t o bot h home and foreign, which creat es a gap between t he domest ic supply and t he domest ic demand for loans. T his dist inct ion between demand and supply is easy t o see on t he market clearing condit ions of int erbank (Equat ion B.23) and corporat e market s (B.22).

T his calibrat ion off ers a consumption-to-output ratio of 55.45% (vs 57.31% in the data) and investmentt o-out put rat io of 20.55% (vs 20.70% in t he dat a).

The ESRB off ers on its website an interactive map of the Euro Area on countercyclical capital buff ers. To t his dat e, only Sweden and Norway have act ivat ed t he CCB rat e in t he European Union but bot h of t hese count ries are not Euro Area part icipant s.

As underlined by[START_REF] Angelini | T he int eract ion between capit al requirement s and monet ary policy[END_REF], supply shocks may dominat e in normal t imes, while financial shocks are import ant in except ional t imes.

T he variability of t he lending spread is a leading indicat or of financial dist ress, Woodford (2012) sets it s st abilizat ion as an object ive for monet ary policy making wit h financial frict ions.

T here is a clear asymmet ry bet ween Core and Peripheral count ries in t erms of debt -t o-financial asset s rat ios. For inst ance, France had a rat io of 40%, Germany 60% and Net herlands 60% while It aly had 80% and Spain 60%.

Normalizing t he size of t he monet ary union t o unity, t he relat ive size of t he core are is n and t he relative size of the peripheral area is 1 -n.

Labor packers are perfect ly compet it ive and maximize profits, W i ,t H d i ,t -G(W i ,t (j ) H i ,t (j )), under t heir packing t echnology const raint , H i ,t = [(1/ n i ) 1/ W G(H i ,t (j ) ( W -1) / W )] W / ( W -1) . Here, W i ,t is t he product ion price, H d i ,t is t he labor demand and W is a substitution parameter. The first order condit ion which det ermines t he opt imal demand for t he j t h labor type is, H i ,t (j ) = (1/ n i )(W i ,t (j )/ W i ,t ) -W H d i ,t , j . T hus t he aggregat e wage index of all labor types in t he economy emerges from t he zero-profit condit ion: W i ,t = [(1/ n i )G(W i ,t (j ) 1-W )] 1/ ( 1-W ) .

Goods packers are perfect ly compet it ive and maximize profits, P i ,t Y d i ,t -G(P i ,t (i ) Y i ,t (i )), under t heir packing t echnology const raint , Y d i ,t = [(1/ n i ) 1/ P G(Y i ,t (i ) ( P -1) / P )] P / ( P -1) . Here, P i ,t is t he production price, Y d i ,t is t he aggregat e demand (or t he resource const raint ) and P is a subst it ut ion paramet er. T he first order condit ion which det ermines t he opt imal demand for t he i t h good is, Y i ,t (i ) = (1/ ni )(Pi ,t (i )/ Pi ,t ) -P Y d i ,t , i . T hus t he aggregat e price index of all variet ies in t he economy emerges from t he zero-profit condit ion: Pi ,t = [(1/ ni )G(Pi ,t (i ) 1-P )] 1/ ( 1-P ) .

When households do not t ake capit al supply decisions, t he opt imal capit al ut ilizat ion is det ermined by, max u i ,t (Z i ,t u i ,t -a (u i ,t )) K i ,t .

T his assumpt ion is common for recent macroeconomic models as underlined by[START_REF] Curdia | T he cent ral-bank balance sheet as an inst rument of monet ary policy[END_REF]. We refer t o[START_REF] Gerali | Credit and banking in a dsge model of t he euro area[END_REF] or Adam (2011) for macro-models wit hout seignioriage.