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A bstract

T his paper questions the role of crossborder kending in the!definition of national m acro-
prudentialpolicies In the European M cnetary Union. W ebuild and estin ate a two-country
DSGE modelwith corporate and interbank crossberder loans, Core-Periphery diverging
financial cycles and a national in plem entation of eoordihated m acroprudential m easures
based on Countercyclical Capital Bu ers. W e get three man results. First, targeting a
natinal credit+o-GDP ratio should be'fayored to federal averages as this mule iduces
better stabilizing perform ances In front of #n portant divergences in credit cycles between
ocore and peripheral countries. Second, policies reacting to the evolution of national credit
supply should be favored ag:thetransm ission channel of m acroprudential policy directly
1n pacts the m arginal cost.of Joan production and, by o, financial nterm ediaries. Third,
the interest of liftingfup.m acroprudential policym aking to the supra-national level rem ains
questionablk foradmissble value of mtemational lending between Eurozone countries. n-
deed, national capitalbu ers reacting to the union-w ide Ioan-to-GD P mati only lead to the
sam e stabilizatien results than the one obtained under the national reaction if crossborder
Jending reaches 45% . However, even if crossborder Iinkages are high enough to justify the
m plem entation of a federal adjusted solution, the reaction to national lending conditions

rem ains rem arkably optin al.
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1. Introduction

T he disruption offinancial relations that followed the 2007 subprin e crisis set the basis
for the adoption of m acroprudential policies 11 m ost countries.! Tn the Euro Area, the
In plem entation of such m easures rem ains fragm ented along national Iines w hile the coordi-
nation and intemalization of crossborder spillovers are achieved through the actions of the
European System icR isk Board (ESRB , henceforth) . This federal organization*accounts for
two oonflicting features of the Eurozone that can be approached by contrastihg core and
peripheral countries? Panel @) of Figure 1 shows that financial cycles\ @s'm easured by
the credit to GDP ratib In percentage deviation from HP trend)'rem all clearly national,
which m flitates for a decentralized definition and in plem entation ofm acroprudentialm ea-
sures. However, as reported In panel ) of Figure 1, thesstwo regions are closely linked by
crossborder banking activities (as m easured by the share of loans lent to a oreign agent
residing In another Euro A rea country) and the mtemational spillovers of nationalm acro-
prudential policies m ay be ham ful for the mOnetary union. The rem aining uncertainties
on undesirable side-e ects of self oriented. m acroprudential policies have thus put global
banks at a central stage In the on-golhg débate related to the conduct of m acroprudential
policies?

This paper questions how ‘sizable’ crossborder lending flow s should be treated In the
definition of national m acreprudential policies I the Euro Area. W e m ore particularly
assess w hether crossporder bank lending should explicitly be considered in the setting of
ooordinated nationalm.aetroprudentialm easures or w hether national regulators should only
focus on the ol mational financial stance to contribute to the financial stability of the

Eurozone,

"In-a nutshell, macroprudential policy aims at completing monetary policy to enhance the resilience of
the financial system and contain the procyclicality of financial factors on activity.

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

3For example, regarding issues related to macroprudential policy with global banking, we refer to the
IMF (2013, key issues, p31), the ESRB handbook (2014), ECB (2015, Financial Stability Review, May),
Bank of England (2015, Staf Working Paper).
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Not e: Cross-border lending refers to any financing arrangement that crosses national borders between a domestic bank and
a foreign borrower. The share of cross-border loans is computed here as the ratio between |oans,to euro area excluding the

domestic area and the loans to euro area (i.e. cross-border loans between core countries are included in the calculation of the
share of international loans). Sources: ESRB and ECB statistics.

Figure 1: Stylized facts characterizing the Eurosystem banking system: credit.cyclesremain clearly national
while cross-border lending experienced an important growth

W e buid and estin ate a two-country DSGE m odel that acoounts for two m ajor as-
pects to address the question at hands. First, we extend the setup of Poutiheau and
Vermn andel (2015) - featuring crossborder banking on the corporate and interbank loan
m arkets! - to account for bank capital ¥g@lation and thus to contrast the e ectiveness of
m acroprudential policy from banking, autarky to perfect integration. Second, n line with
the actual organization of m adoprudential policy,” we focus on the Joit-optin ization of
m acroprudential policy rules rneach country using the countercyclical capitalbu er (CCB,
henceforth) rate as an*instrum ent. This solution has becom e one of the leading facets of
prudential regulatdon sinee the adoption of Basel IIT accords (2010) by buiding up a bank
capitalbu erduring periods of excessive credit grow th that can be released when system ic

risks abate. The intemational din ension ofbanks o ered by our setting allow s us to con-

trast diverent CCB rulesbased on: () the federal or the national credit+to-gdp targeting,

“I'n, this paper, we omit the mortgage market and concentrate on corporate and interbank loans. Given
the insignificant size of cross-border housing loans in the portfolio of banks (the share of cross-border loans
isbelow 1% in the Euro Area according to ECB internal data), this omission does not seem to be important
for the analysis conducted here.

5We refer to Carboni et al. (2013) for a discussion regarding the macroprudential policy mandate in
the Euro Area shared between European Central Bank and the Single Supervisory Mechanism, national
competent authorities and coordinated by the European Systemic Risk Board.



(i) the Joan dem and (from fim s) or supply (from banks) to GD P targeting, and (ii ) the
Joan inflow sto-GD P matib targeting as envisaged by Rey (2015).

The m ethodology employed I this paper com prises three steps. First, we buid and
estin ate a two-country D SG E m odel for the Euro A rea w ith only m onetary policy (as there
are no observations for an estin ation of a m acroprudential rule). Second, we com pute
the optin alpolicy rules (both m onetary and m acroprudential policy) given thé estin ated
param eters assum ing a two-stage gam e where m onetary policy is the leadér® Third, we
exam ne in plications of crossborder lending on the optin aldesign ofm acroprmudential rules
across country m em bers of the Eurosystem using the optin al m onetary, policy ruk as a
benchm ark.

Them ah result of the paper suggests that self ordented Macroprudential national poli-
clies reacting to the evolution of hom e country loan creation _should be favored even w ith
high am ounts of cross-border lending flow s: F irst, fardeting a national credit-+to-gdp ratio
should be favored to federal averages as this male Induces better stabilizing perform ances
I front of in portant divergences in credit cycles/’between core and peripheral countries.

Seoond, policies reacting to the evolution ofnational credit supply should be favored as the

tranam ission channel of m acroprudentialpolicy directly in pacts the m arghal cost of loan
production and, by o, financial ntem ediaries. Thid, the interest of lifting up m acro-
prudential policym aking to’thé supra-national kevel rem ains questionable for adm issble
value of ntemational lend igbetw een Eurozone countries. ndeed, national capitalbu ers
reacting to the unin-wide Ioan+o-GDP matib only kad to the sam e stabilization results
than the one dbtained under the national reaction if crossborder lending reaches 45% .
However, evenif crossborder linkages are high enough to justify the in plem entation of a
federaladjusted solution, the reaction to national lending conditions rem ains rem arkably
optamral.

Additionally, we outline som e particularities regarding the conduct of m acroprudential

SA important branch of the literature analyzed the interaction between monetary policy and financial
stability, a topic not covered in the paper as we concentrate here on interactions between national prudential
authorities. We refer to Woodford (2012) for a summary of policy challenges and results of ered by the
existing literature concerning the role of monetary policy in providing financial stability.



policies for peripheral countries. W e find that adjusting the m acroprudential instrum ent
to capital inflow s+to-GD P is a prom isihg tool for these countries that have experdenced a
Jarge am ount of loan inflow s. Furtherm ore, disentangling the dem and/supply of credit has
1n plications form acroprudential policym aking as it is preferable to target credit suppliers
for core countries and borrow ers for peripheral econom es.

Our approach is partly related to a set of papers exam ing m acroprudential measures
I the Eurozone w ith a closed economy setup. Notably, D arracg-Paries et als(2011) and
Angelinietal. (2014) build a D SG E m odelof the Eurozone close to G ergliet als (2010) w ith
both corporate and housing credit m arkets and evaluate the optin alm i between m onetary
and m acroprudential policy using loss functions. A s a key contribution to the literature,
they suggest that tin evarying capital requirem ents can in preve m acroeconom ic stability
by supporting m onetary policy actions. O uranalysis can-thusbe considered as an extension
to these papers, by accounting for the heterogeneity between Euro A rea participants and
the existence of national m acroprudential policies w it crossborder spillovers.

O ur paper also contributes to m acroprudential policy analysis in open econom fs. As
an exam ple, Q uint and R abanal (2014 facoount for financial asym m etries betw een partici-
pating countries and focus on the Jteraction between financial and housing cycles w ithout
oconsidering cross-border flow s betw éen countries. By om itting crossborder Iending, they
naturally find that there axe ne mportant spillover e ects of regulation from one m ember
state to another via an éstinated two-country D SG E m odelof the Eurozone. A dditionally,
Jeanne (2014) em ployss@ static open econom y m odel to evaluate the e ectiveness of m acro-
prudential and ¢apitalrcontrolm easures. Contrary to Q uint and R abanal (2014), he finds
that these prudential policies generate in portant global spillovers even w ith Itemational
coordination.

The paper is organized as follow s: Section 2 describes the financial sector of the m odel.
Section' 3 takes them odelto the data. Section 4 discusses the perform ance ofm acropruden-
tialpolicy. Section 5 provides a sensitivity analysis to assess the robustness of our results.

Section 6 concludes.



2. The financial sector

T he econom y is com posed of tw o countries of unequal size and populated by houssholds,
firm s and banks. This first section describes the banking com ponent of the m odel while
the rest of the fram ework (standard to the literature) is presented In appendix.

2.1. The financial sector in a nutshell

Figure 2 provides a broad picture of the financial sector and sum m arizes ‘itg Titeraction
w ith the rest of the economy. Banks engage In Interbank kending/bordw hgirelations and
provide corporate loans to entrepreneurs and deposit services to households. A uthorities

a ect the decisions of the banking sector through m onetary and m'acroprudential policies.
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To Introduee an, Interbank m arket, we assum e that banks are heterogenous In texm s of
Tquidity. T his feature gives rise to an Interbank m arket where liquid banks provide inter-
bank Ioans to both hom e and foreign banks. T his feature is Ine w ith the current European
banking system characterized by banks relying on wholesale fuindings as illustrated by G i-
annorle et al. (2012). In our setup, the distinction between liquid and illiquid banks lies in
the direct access of liguid banks to ECB fundings which allow mtra<financial sector flow s

betw een financial interm ediaries! Extending this assum ption to an intemational perspec-

"This assumption is empirically motivated: in the Eurosystem, only a fraction of the 2500 banks par-



tive, liquid banks can borrow from both dom estic and foreign liquid banks, which gives
rise to crossborder nterbank lending flow s. The decision of the banking system regarding
the provision of deposit services to houssholds and loans to the corporate sector a ects
the rest of the econom y through the setting of deposit and knding hterest rates® In lne
with the EM U situation, we do not consider cross-border deposit nor crossborder lending
to houssholds. The mtemationalflow of loans between econom fes is thus a congequence of
Interbank ligquidity provision and borrow ing choices undertaken by entrepreneurs (follow ing
a com parison between the relative mterest rates of dom estic and foreign corperate loans) .

This paper adopts a m acroeconom ic perspective to focus on the e\ ect of crossborder
Jending on the conduct of m acroprudential policy In a heterogeness m onetary union. A s
a consequence, the financial sector is combined w ith a standard two-country D SGE m odel
accounting for short run rigidities m goods prices and-nom. nal wages. In what ollows,
we outline the m ain assum ptions regarding the finctioning of the financil sector that are
deem ed necessary to in prove both the tractability, of the analysis and the estin ation of the
m any behavioral param eters of the DSGE structire. Som e m odelling choices have been
done in Inew ith the D SGE literature that gontrast w ith a m ore standard description of the
behavior of the banking sector as sum m atized by Freixas and R ochet (2008) and VanH cose
(2009). As I the nnitial contrbution’ of G erali et al. (2010), this m acro superstructure
is augm ented wih a highly sin plfied banking m odel. A host of assum ptions should be
nvoked that e ectively plinter a bank’s decisions into lmdependent choices about di erent

portions of its balance-¢héet ?

ticipates regularly to the bidding process in main refinancing operations of the ECB while the others rely
on interbank funding.

8For tractability reasons we assume that even if banks differ in their ability to raise funds from the
central bank; their loan and deposit supply decisions remain homogenous after aggregation. In a real life
situation, illiguid banks may face more diffi culties in attracting households deposits requiring banks to
set¢higher deposit rates to compensate their default risk. Regarding corproate loans provision, the tighter
funding,constraint of illiquid may diminish their loan supply compared to liquid banks.

9First, portfolio separation holds (Baltensperger (1980) and Santomero (1984)), which means (Sealey
and Lindley (1977) and Sealey (1985)) that a number of assumptions have been invoked. For instance,
either shareholder unanimity is assumed for all banks in the model, or risk neutrality has been assumed
to render shareholder unanimity a non-issue. In addition, it must be assumed that banks costs of real
resources utilized in their operations are separable from resource costs for others of the banks™ assets and
liabilities at during each period and across periods if interperiod adjustment costs are taken into account.
Finally, banks must have access to a market in which they can both borrow and lend at exactly the same



This paper extends Poutineau and Verm andel (2015) to account for deposit decisions
and for m acroprudential consideration I the balance sheets of financial interm ediaries.
The stickiness In both deposit and loan interest rates is a key gredient of the fram e-
work. The setting of nterest rate m in ics the way other sticky nom mal variables such as
prices and wages are set In the m odel by adopting a Calvo-type m echanism . This device,
chared by most DSGE m odels w ith a banking sector, partly contrasts w ith the litermture
developed from the bankihg ndustry perspective. Indeed, m ost of the banking literature
has, ©ollow Ing Flannery (1982) orighal work on deposits as quasifixéd factors, focused
on Intertem poral quantity adjustm ent costs. Ik is also worth noting that the substantial
banking literature on this topic has proposed altemative ways of approaching this question,
chiding Cosin ano and Van Huydk (1989), Cosinano (1987%.1988), and E lyasianiet al
(1995) and Abo-Zaid (2015). Furthemm ore, sluggich and.even asymm etric variations n
bank retail rates have been docum ented in the em pIrical literature as In Van Leuvensteipn
et al. (2013) through in perfect com petition amreng barking systam s, while K opecky and
Van Hoose (2012) rely on Intertem poralquantity, adjustm ent costs togetherw ith in perfect
com petition to explain such observations. T he adoption of a Calvo m echanism combined
w ith m onopolistic com petition has been‘em ployed here In a m acro-perspective for credic
and deposit Interest rates, as this solition allow s us to consider the shiggishness in the
adjustm ent of all the nom Ialvaribles of the economy (prices, wages and interest rates)
through the estin ation ©f a*C alvo lottery param eter” .

Asa seoond m ajorrioticeable di erence from Poutineau and Verm andel (2015), we ac-
oount for endogénouds leverage of financial nterm ediaries, thus reflecting the riskiness In the
balance sheét 6f banks. W e use tin e-varying capital requirem ents as the m acroprudential
hstrumént. A sunderlined by Angelinietal. (2014), capitalbu ershave taken a center stage
n theongohg debate on regulatory reform and have becom e one of leading facet of m acro-
prudential regulation. Specfically In the European Union, a num ber of m acro-prudential
policy nstrum ents mcluding countercyclical bu ers are embedded In the legishtive texts

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

10



transposing the Basel I requlatory standards ito EU Jaw /° To acoount for this com pul-
sory m acroprudential nstrum ent, we borrow the m odelling device of D arracg-Paries et al.
(2011) and Angeliniet al. (2014) by assum Ing that each type of bank m ust pay a quadratic
cost when its risk weighted assets ratio deviates from the tin evarying ratio fixed by the
m acroprudential authority in country i according to the system ic risk arising w ithin the
financial system . T he decision to penalize banks for kesping equity-capital positionsbelow
the o cilbendhm ark is easy to understand, as undercapitalized banks m ake the banking
sector m ore fragile and . tum subject to bank runs O Bm ond and RAJn (2001)). Sym -
m etrically, the decision to in pose costs on banks for having equity-capital positions above
the required levels m ay be understood in a m acroeconom ic perspective: by kesping m ore
equity capital kevels than required by the o cial regulationj-the banking sector diverts
resources and, In tum, creates credit rationing for both-entrepreneurs and illiquid banks.
This may create ower than desired banking activity,'reduce Investm ent in the economy

and cur e ciencies.!

2.2. Interbank relations

I each country the banking system .censists of two distinct branches: a continuum
of m onopolistic banks and finandial packers. M cnopolistic banks provide di erent types of
Joansand deposit services and sebinterest rateson a C alvo basis. Thefinancial interm ediary

is a CES packer that produeesiéne hom ogencus loan and deposit service > A chare A of

'Namely the new Capital Requirements Directive (CRD V) and the Capital Requirements Regulation
(CRR). Werefer toCarbeni et al. (2013) for a discussion regarding the macroprudential policy mandate in
the Euro Area shared'between ECB/ SSM, national competent authorities and coordinated by the ESRB.

"Van den Heuvel (2008) finds using a general equilibrium model that increasing capital requirements
induces high welfare costs in terms of unconditional consumption, suggesting that capital requirements
should be lower than in the current adequacy framework. Clerc et al. (2015) highlight the presence of a
tradeoff using.a financial accelerator model between too high and too low capital requirements.

2T hefinancial packer actsasaloan and deposit bundler in a perfectly competitive market. Banks supply
differentiated types b of deposits D; ¢ (b) and loans L}, (b) bundled by financial packers. T heir packing tech-
nology for deposit services and loans reads as, D¢, = [(1/ n)"'™® a(D; ¢ (b)) /(o1 and Ld =
(/m)" " a(Lp, (B TV )L 0L 1t maximizes profits, RP, D¢, + RELY, - G(RP, (b) Di ¢ (b)) -
G(RiL,t (b) L7 (b)), subject to their two technology curves. Here, Lﬁ‘ is the loans demand from home
and foreign entrepreneurs, Did,t is the deposit services demand from domestic households and G (.) is
the aggregator function. Deposits and loans are imperfect substitute with elasticity of substitution
p < -1and [y > 1. The corresponding demand functions associated from the previous prob-
lem are, Di¢(b) = (1/n)(RP(b)/RP) ™ DF and L§ (b) = (1/ni)(RE(b)/RE) LY. The aggre-

11



banks is illiquid (i.e. credit constrained), while the ram aining share of banks 1-A is liquid
and supplies nterbank loans to illiquid banks.
The representative share A of lliquid banks b In country i has the ollow Ing balance

cheet,
Lisyt = IBi'-,lt + BKiiv'tI + Dt + Iialj{{, @)

where Lf; is the Joan supply of borrow ing banks, | Bi'j't is the nterbank\Joans supplied
by Iiquid banks subjct to extemal habits, BK|! is the bank capial,'Di; are deposic
services to houssholds and liab; are other ligbilities i the balmoe sheet of the bank
that are not considered n the model’® To close the model,\we'assum e that the cost
of these liabilities is set by the central bank through  ifs refinancing rate. W e suppose
that the dem and for terbank fiinds are subject to.extemal habits at a degree hiB where
IBf = IBf - hB 4B, - W?). These habits captures the em pirical autocorrelation of
Iterbank finding. In addition, these habits@re em pirically docum ented In the Interbank
network literature: Finger et al (2014472015) find at a bank level that bilateral links
between banks are persistent as banksheavily rely on well-established busiess relations,
thus exhibiting som e habits n borrowting/lending decisions.
The oneperiod stream of prefits of the b-th illiquid bank is given by:
o @S EMn)) 1+ RY Li- 14R% D~ 14PE 1B @
e ROl - F rwall - v BKY,

where B [,.1] denotes the lossgiven-default (.e. the percentage of the am cunt owed
on a defatiled Ioan that the bank is not abke to recover), 1 - E; {nt+1} is the expected

gate price index of all varieties in the economy is given by, RP, = [(1/n;)G(RP, ()"~ )1 (=) and
REC= [0/ m)G(RE (B)' )1 -0,

"3We suppose that they follow an exogenous AR(1) shock process €, such that, liab; = e Tiah, this
shock captures some aggregate movements in the funding constraint araising from the wholesale funding
market, see for instance Pérignon et al. (2017) for an analysis of liquidity runs on the French unsecured
market of certificates of deposits.

12



average default rate of the bank’s hom e and foreign custom ers,” RP; is depostt rate, P2
is the borrow Ing cost on the Interbank, R, the hnterest rate set by the centyal bank and
F; (-) denotes the capital requirem ent cost function . T his cost function is taken from G erali
etal. (2010) and isdefined asF; X) = 0.5x*x? wherex* 0 is the cost of capital adequacy
fram ew ork paid in term ofbank capital.!® This cost finction is a shortcut that m akes bank
capitalm ore costly than any source offinancing, and allow s In tum to m in ic the regponse
of credit rates and credit to a capital requirem ent tightening consistently w.ith ‘em pircal
evidence (see for nstance Fraisse et al. (2013) for an em pirical m easurd of this elasticity) .
W hen the bank capital-to-risky-asset ratio rwai{{ isbelow the policy target Ujt , the bank is
penalized by regulatory rules that a ect the borrow g rates rythem onetary union and in
tum dam age output. T hispenalization replicates them arket'discipline in posed by hvestors
on low capitalized banks, forcing the Jatter to boost théir retained eamings though higher
credit rates. The risk is evaluated through fixed weights on assets, based on the type of the
borrowers (1 for corporate exposure and 0 20 fordtervank exposure between O ECD banks
as defined In Basel accords) as defined in Basel I accords. Since illiquid banks are only
exposed to corporate risk, the risk weifhted assets matb is given by rwal' = BKJ/LS,.
T addition, the financial nterm ediary hasaccess to dom estic and foreign interbank loans
to meet its balance sheet. The m odelling device to htroduce htemational borrow Ing is
analogous to trade channels'thiough a CES as In Poutineau and Verm andel (2015) and
Brzoza-Brzezina et al, #R0I5S). The total am cunt borrowed by the representative bank
reads as Pllow s:

L0 0 B 0 0 e EE
IBid,t 7 ool- G:Bq/g IBgi,tQg Ve (inBDHE Idei,tQg e ) @)

where param eter § > 0 is the elagticity of substitution between dom estic and foreign In-

14Tosimplify both the steady state and the log-linear version of the model, the bank default expectation
regarding entrepreneurs’ projects is defined by a geometric average of home and foreign surviving rates of

entrepreneurs, Ny = (nf,)"" ak (nnyt)"lL ﬁ“h o where NEi+ 1is the default rate of entrepreneurs operating
in country i {c,p}. The expression ﬁ“; -af ensures the detesministic steady state remains symmetric

between Core and Periphery without affecting the dynamic of the model up to afirst order approximation.
5T he quadratic nature of this cost has been discussed in the previous subsection.
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terbank funds, Gi' B represents the percentage of crossborder interbank Jan flows 1 the
m onetary union and | Bf; 1,4 @esp. | Bf; 1, ;) the am cunt of dom estic (resp. foreign) loans
dem anded by borrow ing bank b in country i . This existence of an hom e bias on the inter-
bank m arket is em pirically m otivated, Fricke and Lux (2015) find, using falian bank-level
data, that talian banks tend to trade w ith each other rather than w ith foreign banks, in
particular after the financial tum oil. M ore broadly in the literature of finance, thethom e
bias in portfolio was first docum ented by French and Poterba (1991).

The total cost ncurred by illiquid banks to finance interbank Jang, 1 + PP, is thus
defined according to the CES aggregator:

14 PiI’tB _ (ul_ G!BL(1+ RL% )-8, quB a1+ R#?)1_E’)1/(1_§), @)
where 1+ RL% (resp. 1+ R}? ) Is the cost of Ioans cbtained from hom e (resp. foreign) banks
n country i . Fially ollow ing G eraliet al. (2010) ,\the bank capital accum ulation process
of {liquid banks BK!) is detemn ed by:

) 0 O

BK{{= 1-d" 4 ()
where a” D, 1] m easures reSources’'usad In m anaging bank capital and conducting the
overall banking nterm ediation‘activity and is determ tned endogencusly by the steady state
of the m odel. G ven the functional form of F; (-), the first order condition on loans which
determ ines the m atgmal cost of supplying an additional unit of loans to hom e and foreign

entrepreneurss:

1B k o iIIjD ill
1+ PP+ X uir - rwayy  rway

N Yol
+ it 1- B @- E {1}

©)

From\,this equation, we cbserve that an increase (reduction) In the CCB mate U (dsk

weighted assets ratio rwa} '{) in poses on banks to accum ulate m ore equity via retained

eamings through a rise ;1 credit rates. Param eter X¥ determ ies the elasticity of interest
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1ates to capital regulation change.'® D uring phases of expansion, banks have heentives to
Icrease thelr leverage away from the target in order to boost theifrprofits. This risk taking
by banks is addressed In our m odel though the cost function that forces banks to control
their capital sructure.

The fraction 1 - A of rem aining liguid banks has the follow ing balance sheet:
L, + 1B = LEC® + BK/'9+ Dy + lia'y, (7)

where L? is the lending supply to entrepreneurs, | Bf; is the supply/of finds on the inter-
bank m arket, LEtCB is the am ount of refinancing operations cbtamned by the Iiquid bank,
BK i'jf is the am ount of bank capital, D;; are deposits collegted \from dom estic households
and liab ¢ are exogenous Iiabilities as explaned previously. The one-period profit of the
bank |f isdefined as:

lig O N oo L Iz ) 7l IB[ R O Dj
it= 1-M° @-E{mw1}) 1+ Ry L+ 1+ R{7 IBS - 1+ R7 Diy ®)

- @+ Ryliadf - @+ ROLESE - F twal'f - u)BK/.

Here, Ri"? is the Interest rate set’byJiquid banks to hom e and foreign illiquid banks, Ry
is the refinancing rate of the dentvalbank and F; (-) denotes the sam e Basel cost fnction
as for lliquid banks: F; )= 0,5x*x?. Tnterbank clain s a ect the am ount of equity held
by banks and are given'a risk weight at 20% . T he risk weighted asset ratibo for liguid bank
ncorporating corperate.and bank exposures is given by rwal§ = BK/'Y/ L5, + 0.21B,).
A ccording tothe Miguid bank, bank capital of Iiquid banks evolves acocording to

BRI = -1 I ©)

whereﬁ“q 0, 1] is sin ilar to the illiquid bank and m easures the fraction of capitalused

during the interm ediation process that cannot be re-invested next period. The first order

"SEmpirically, Fraisseet al. (2013) find at abank level that one percentageincreasein capital requirements
leads to a reduction in lending by approximately 10%.
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condition on Joans determ inng the m arginal cost of loans of the liquid bank b is:

1B k O iIIjD ill
1+ PP+ X uir - rwayy  rwayy

1- e @- Ec{miq})

1+ MClY = , (10)

and the second first order condition on interbank loans determ Ines the terbank rate set

by banks cperating in country i :
RI® = R+ 0.2x" Uit - rwa'f) rwal'f)2. @)

Here again, an ncrease n bank capital requiram ents raises the bank’s cost of lending, and
n tum hcreases both interbank and corporate terest rates. This result is consistent w ith
standard business cycle m odels and is referred to the bank capital channelas n Van den
Heuvel (2008), M eh and M oran (2010), D arracg-Paries et &1, (2011) and Angelini et al.

(2014).

2.3. Interest rate setting

W e assum e that terest rates on deposits and corporate credit loans are sticky. In par-

ticular, shiggish and even asym m etxic va¥ations in bank retail rates have been docum ented
I the em pirical literature as LK ‘opedsy and Van Hoose (2012) and Van Leuvenstein et al.
(2013) through in perfect compétition am ong banking system s. T he setting of Interest rate
m in ics the way other; stiky nom inal variabls such as prices and wages are sst I the
model. As In DanasgParies et al. (2011), we Introduce a Calvo m odel for credit rates
to fimm s and deposit rwtes whilke the interbank rate is left flexible as banks operate under
perfect competition on the interbank m arket. Banks must solve a two-stage problem . In
the first stage, banks m inin ize the cost of m anaging their fiinds on a com petitive put
m axrkets by com puting the m arghal cost of supplying an additional loan to borrow ers and
a deposit service to households. The com putation of these m arginal costs has already been
perform ed in the previous subsection. In a second stage, they operate under m onopolistic
oom petition by applying a markup (markdown) on thefr comm ercial oan (deposit) rate,
and set the Interest rate on a staggered basis. U sing a C alvo nom inal rigidity device, each

period a random fraction 6- 6P ) of banks is unable to update its kending (deposit) mate,
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Ri = Rii-y RP = RP_4), creating an in perfect transm ission of m onetary policy deci-
sions to borrow ers and savers living In the m onetary union. The bank that it is able to
m odify its Joan nterest rate (with a constant probability 1 - 6) chooses Rl tom axin ize
its expected stream of profits adjusted by the risk of default:

X o 0,0 0 (]| O
= 8 ites 1- ¥ @- Meer) RE - @€ MChue Liga 12)

where Eh is an ad-hoc markup AR (1) shock to the credit rate equation, GIL D, 1) is
the Calvo ottery coe cient determ ning the degree of nom hal rigdity and M CiL,t is the
aggregate m arghal cost com bining cutputs from liquid and illiqudd banks of country i . W e
aggregate loans from Iiquid and illiquid banks and their regpective m argial costs before
applying the m arkup for tractability purposes: this device is usefil to com pute a single
Phillips curve as well as an unijue credit rate fordboth Mquid and illiquid banks. W e
borrow this shortcut procedure from G erali et al.\(2010) adapted In a di erent context,
ie. all banks belonging to a national bankdg system chare the sam e m arghnal cost of
production, reflecting the average liquidity; degree of national banks: 1+ M CiL,t = @+
MCHP @+ MC'HUN | I addition he Banking spread reflecting the kvel of financial
distress isgiven by Sty = 1+ Rif) M+ Ry).
In a sin ilar fashion for deposit rates, assum ing that it is able to m odify its interest rate
w ith a constant probabiliy ‘1 — QD , the representative bank chooses RE{ to m axin ize its
expected stream  of profits, by applying a m arkdown on the refinancing rate of the central
bank R; :
Etx ) 0 LQ.D

1=

G o .0
itrs Rers @@ €Phs) - RPY Diges, 13)

w here €iD" is an ad-hoc tin evarying AR (1) m arkdown shock to the deposit rate equation

and 6P D, 1) is the Calvo Iottery param eter.

2.4. Macroprudential policy
M acroprudential policy a ects the general equilbriim of the economy through the
policy instrum ent Vi that contributes to the m arghal cost of com m ercial banks’ loans.
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A's a consequence, a m acroprudential policy tightening is associated w ith higher lending
rates, and Iowerbank credit grow th and asset prices. W e assum e that the m acroprudential

authority sets the tin evarying capital requirem ent V;  according to:

Vit Q- PV + PViger+ @ T - Th), (14)

where p! D, 1) isthe snoothing coe cient of the mule, T is the m acroprudentialtarget,
@ 0 is the m acroprudential weght to the target n country i and T; 18 the Stéady state
of the target. In our spectication, capital requirem ents are expected(to Icrease when the
target deviates from its steady state. The choice of the target.Tj p.is a key aspect of the
paper that w ill be discussed below .

The ESRB hasdeveloped a bu erguide to choose the'CCB rate based on the credit-to-
gdp gap.'” However, the gldbal nature of the European banking system troduces m any
possbilities for the definition of the credit-to-gdp\ratio’ taken into account by national
authorities. Indeed, the CCB mate may be‘adjusted to the credit supply (of banks) or
the credit demand (of entrepreneurs) 18 ssither cn a national or on a federal basis. Our
fram ework w ith Intemational bank flow's allow s us to distinguish between five cperational
targets as listed In Tabk 1.

T hefirst set of credit targeting rules is oriented tow ards the supply of cred it using either
a federal (1a) or a countxy~goectic aggregate (1b). A m acroprudential policy based on
credit supply ain s at stabilizing kenders by focusing m ore on the stabilization of financial
shodks hitting lendexs rather than dem and and supply shodks hitting borrowers. G iven the
scale of crossborder loans in the Eurozone, the decisions of the national supervisor has
side e egts on ‘@duntries where a nationalbank has a subsidiary or branches or where this
bank lends to m ay favor a federal definition of the ratio. Thus to handle these pecuniary

17Other indicators (such as early warning variables) are included in the CCB guide which are not imple-
mentable in our model.

8In an open economy context where banks can lend across borders, banks supply credit to both home
and foreign, which creates a gap between the domestic supply and the domestic demand for loans. This
distinction between demand and supply is easy to see on the market clearing conditions of interbank
(Equation B.23) and corporate markets (B.22).
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Table 1
Various Macroprudential Policy Schemes in terms of Target (average in the monetary union, national
supply or national target) and in terms of policy stance (common or national-adjusted)

Schemes Target

Loan Supply Targeting

1.a Union-wide loan supply T = (L{+ (1- MIBg)/ Y

1.b National loan supply Tie = (Lfe+ MBI/ Yigfori {cp}
Loan Demand Targeting

2.a Union-wide loan demand T = (L{+ MBI/ Y

2.b National loan demand T = (LE+ MBY)/ Yigfori {cp}

Capital Inflows Targeting
3 Capital Inflows Te= (LY - L+ AMBE - (1- MIBF)/ Yig fori  {cp}

Note: variables without country subscript such as x denote union-wide averages computed as;a weighted sum of each country
Xt = NXct + (1= Nn)Xpt.

extemalities, we evaluate the possibility of an union-wide.targeting system (1a) against
a national targeting system (1b), the latter beng expected to create m ore extemalities
(positive or negative) as it a ects the foreign banking-system w ithout taking into account
its financial developm ents.'

T he second set of cred it targeting niles doncentrates on the dem and of cred it em anating
from entrepreneurs® The interest of a.CCB rate taibred to borowers is that it may
provide m ore stabilization follow Ing real and nom inal shodks hitting households and firm s
at the expense of financialghedksida ecting banks. This solution seeks at intemalizing the
social cost of entrepreneurs overborrow g that m ay arise given their biased expectations.
A s this policy regin e.dne) ciently a ects foreign borrowers through crossborder lending,
sillovers e ectsm ay be dam pened by a federal targeting (2 a) rather than a national one
2Db).

W edlso evaluate the interest of adopting provisional m easures to a ect cross border

Jending directly, through targeting capital nflow s n the CCB . This solution, as envisaged

9For further discussions of these cross-border issues, we refer to Beck et al. (2016).

20A loan demand targeting is feasible in a real life situation, the ECB already disentangles the credit
demand and supply by collecting the domestic and cross-border positions of Euro area monetary financial
institutions since 1999 for each participant of the monetary union. Regarding the demand side of credit
markets, the bank lending survey published by the ECB on a quarterly basis provides an analysis of the
driving forces of the demand of credit in the Euro Area. For the supply side, both the ECB and the BIS
collect domestic and cross-border positions of euro area monetary financial institutions.
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by Jeanne and Korinek (2010), Brunnerm efer et al. (2012) and Rey (2015), is relatively
sin ilar to a capital control m easure. The m ain msight behind this schem e would ly on
the fact that persistent capital account in balances induce financial stability risks and m ay
have i plications for the sustamability of net extemal asset positions. In particular since
the creation In the Eurozone, globalbanking has experienced an explosive grow th helping
to fuelunsustamnable credit boom s In peripheral econom s such as n Spain and i keland,
ollowed by a sudden stop In capital inflow s com pensated by unconventional m easures.
M acroprudential policies can play a key role to contain this prablam by in peshg targeted
regulations on banks engaged in crossborderactivities. W hen borrow g to other European
banks is increasing faster w ith respect to the GD P, a nationalauthiority can rise the CCB

rate to a ect banks’ balance sheet m anagem ent and reduce ‘theirexposure to ntemational
borrow ng. Tn addition when system risks abate In oné-economy, leading to capital flow

reversals, national authorities m ay release the bu/er'thus osening the banks’ finding

constraint to address the procyclicality of capitalflows.

3. Estim ation strategy

W e fit the previous two county»D SGE to Eurozone data over the sam ple tin e period
19990 1-2013Q 4 usihg Bayesian technigques. W e estin ate structural param eters and the
sequence of shocks by follew g, the sam nal contributions of Sm ets and W outers (2003,
2007) and Christianoet'al. (2005). For a detailed description, we refer to the orighal

papers.

3.1. Data

W e golit the Eurozone in two groups adopting the core-periphery dichotom y as in Q uint
and-Rabariédl (2014) and Poutineau and Verm andel (2015) . C ore countries gather Austria,
Beljim , G em any, Finland, France, Luxem bourg and N etherlands w hile peripheral coun-
tries mclude Spain, G reece, reland, Faly and Portugal. The model is estin ated with
Bayesian m ethods on Eurozone quarterly data over the sam ple period 19990 1 to 2013Q 4,
which m akes 60 cbservations for each cbservable variabl. Conceming the transform ation

of serdes, the pot is to m ap non-stationary data to a stationary m odel. D ata which are
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known to have a trend (mam ely GD P, consum ption, Investm ent, corporate loan and nter-
bank supply) or unit root are m ade stationary in two steps. First, we divide the sasmplke
by the population. Second, data are taken In logs and we use a first di erence filtering
to obtain growth rates. In addition, real variablks are deflated by the HICP price index
and we rem ove the seasonal com ponent in the data using a m ultiplicative decom position .
Furthem ore, we dem ean the data as we do not use the lmform ation contained: 11 the ob-
servable mean. Interest rates are set on a quarterly basis by dividing them _Iy)4. Since
hours worked are not doservable for the Euro A rea, we adopt the sam efn odellng strategy
as Smets and W outers (2003) to dentify TFP shocks ushg em ployment as a proxy for
hours worked. Em ploym ent is divided by the working populationvindex, taken In logs and
dem eaned. To m ap em ploym ent to hours worked in our m 6del, we htroduce an auxiliary
equation for each country which states that only a shate 85, D, 1) of firm s is allowed to
adjust its levelof em ploym ent § ; to its optin al labor dem'and Hﬁt :

O EUL EU EU 0 d _dL O
€t=PB&w1+ 1-BB 1-6 /6 g HY/H® - &, . 1s)
T he vector of cbservable variables reads/as:
Yi= 1000 Vi 60 Gp ot W rD, B, By,rl ori= {cp).

3.2. Calibration, priors.and model assumptions

W e fix a am all'num ber of param eters com m only used in the literature of real business
cycles m odelswhich are weakly dentfied. The discount factor B is set at 0.99, the depre-
ciation rate 0'at.0.025, the capital share a at 038, the share of steady state hours worked
H at 1) thie spending to GD P ratio g at 24% 2! Conceming [p and [y (the substitutability
betw een finalgoods and labor) , we consider the calbration at 10 as In Sm ets and W outers
(2007). Regarding financial param eters, we fix N/K  (the net worth to capial) ratb to

0.40 to be consistent w ith the dbserved debt-tofinancial assets ratio of nonfinancial cor-

21T his calibration offers a consumption-to-output ratio of 55.45% (vs 57.31% in the data) and investment-
to-output ratio of 20.55% (vs 20.70% in the data).
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porations which fluctuates between 50% and 65% since 1999. The steady state value of
soreads and the bank balance sheet are calibrated on thelr averages cbserved over the sam -
pkperid in the EuroArea: R-RP =1 .66/400, R RP = 3 67/400,D/ %= 0 46,FWa= V= 0.10
and TB®/ 3= 020. The capital requlation cost XK isset at 11 as ;n Gemliet al. (2010) to
replicate the response of credit and interest rate to a capital requirem ent rise.

For substitution param eters for corporate and interbank loansu and § aswell asdfor the
fraction of illiguid banks A, to our know ledge there are no em pirical analysistising bank
Jevel data that provides an estin ation of these param eters. W e rely/on the/previous fit
exercise of Poutineau and Vem andel (2015) by calbrating A at 0,38'and/U, § at 1.1. The
latter calbration for substitution param eters is rather conservative by allow ing very low
substiution e ects between hom e and foreign oans? Thé quarterly share of defaulting
firm &' projcts 1 - fTE is fixed at 0.025/42° and thefauditing cost pB at 0102 those
values are very sin ilar to Bemanke et al. (1999)./W &,com pute the param eter goveming
the relative size of the core area N at 058 as K 0l=e"(2009), which is the share in plied
by nom mal GDP Jevels averaged over the period/1999-2013. W e calbrate sym m etrically
the adjustm ent cost on deposits )(iD at 0.0007 as In Schm itt-G rohé and Uribe (2003) to
rem ove an unit root com ponent generated by the two-country set-up. Finally, the ower
bound Whyin and the shape K of the Pareto distribution are endogenously determ ned by
the m odel equations assum dng.a risk-free economy w ith no spread and default, we cbtain:
Whin=1N/K and k= K/N\"Owr calbration delivers for the m ain endogenous variablks the
ollow ing steady state: 6= 06015, 2 = 241, - =437, = 00192 and FX = 0.0166.

22|n contrasty/BrzozaBrzezina et al. (2015) assign a value of 6 to their substitution parameter, which is
rather high with respect to the literature of trade. In general, substitution parameters for goods market
are rather/low andusually remain between 1 and 2 as in Quint and Rabanal (2014) or Poutineau and
Vermande| (2015).

23T his is eohsistent with corporate default statistics from Moody’s, the rating agency, which show an
average default rate on (non-US) non-financial corporate bonds of 0.75% for the period 1989-2009, as shown
by Darracg-Paries et al. (2011). The other rating agency Standards & Poor’s evaluates the rate of default
for the period 1991-2014 to 0.58%. We consider a default rate of 0.63% which is in the ballpark of the
numbers found by rating agencies.

24T he auditing cost cannot be observed as few data on loan losses are publicly available for reasons
of confidentiality. Dermine and De Carvalho (2006) find using bank level data that these costs critically
depends on the size of the loans: recovery costs on smaller loans are substantially higher than on large
loans, 4.1% vs. 0.9%. In addition, once the contentious department has to rely on external lawyers, the
recovery costs rise to 10.4%.
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Our priors are listed I Tablk B.7. Overl], they are either relatively uninform ative
or consistent w ith earlier contributions to Bayesian estin ations. For a m ajority of new
K eynesian m odels’ param eters, i.€. Oi" ,hic,e,p ,éf' ,e.w :giw IQE :X! SW, 07, @Y and shock
processes param eters, we use the prior distrbutions close to Sm ets and W cuters (2003,
2007) . Calvo probabilities for rates have the sam e uninform ative priors as for prices/w ages
while Joans habits are given a priormean 05 w ith standard deviation 02. O uk priors for
openness param eters are based on their dbserved average over the sam ple perdd. Substi-
tutabilities between hom e/foreign credit and final goods are set to 2 wiith standard devi-
ations of 0.50. W e set the prior for the elasticity of the extemalfinance prem im K; to a
beta distrbution w ith priorm ean equalto 0.05 and standard deviation 0.02 consistent w ith
prior mform ation of G ilchrist et al. (2009). Fially, in orderto,catch up the correlation
and co-m ovem ents betw een countries’ aggregates, w e estin'ate the cross-country correlation
between structural shodks, associated priors are mépired by 1 Jondeau et al. (2006) and
Kolhsa (2009), we set the m ean of the prior distebution| for shodk correlations between core
ocountries and peripheral countries at 0.2 w ith asstandard deviation at 0.2.

Fnally, regarding bank capital regulation for the fit exercise, we disable the m acropru-

dential Instrum ent by fixing the CCB 1ate to its determ mistic steady state value:

Vit = V. (16)

This assum ption is réasonable for two m ain reasons. F irst over the sam ple period, capial
regulation hasbeen'm a¥ily dom hated by the Basel IA coords characterized by fixed capital
requiram ent ¥atios. ;Second, even through the adoption of the Basel ITT A ccords allow s Euro
A rea countries'to em pby the countercyclical capitalbu eras a shield aganst the build up
of financil,dn balances, it has not been yet em plyed by a participant of the m onetary

ufiion 23

25The ESRB offers on its website an interactive map of the Euro Area on countercyclical capital buffers.
To this date, only Sweden and Norway have activated the CCB rate in the European Union but both of
these countries are not Euro Area participants.
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3.3. Estimation results

The m ethodology em ployed is standard to the Bayesian estin ations of D SG E m odels?®
Table B .7 reports estin ation results which summ arizes the m eans and the 5th and 95th
percentiles of the posterior distributionswhile the latterare drawn in F igure B 6. A coording
to this figure, prior and posterior distrbutions are relatively di erent show ing that the
data were farly mform ative. Several param eters are well dentified for one dountry but
weakly for the other econom y, we decide to keep these param eters in the fiteXercise after
checking that their weak dentfication does not a ect our estin ations (1e¢ calbrating
these param eters and re-estin ating the m odel provides very sin dlar results). W hile our

estin ates of the standard param eters are n line w ith the literature, (see for nstance Sm ets

and W outers (2003) and Q uint and R abanal (2014)), several observations are worth m aking
by comm enting the m ean of the posterior distrbution 6f' stuctural param eters.

First regarding asymm etries In business and credit cycles between the core and the
perphery, they are mainly driven by the stamdard deviation of shocks which are larger
I peripheral econom es. In particular, ne ciengy shodks for wages and prices are m ore
volatile In periphery which m ay constitiite an issue In the in plem entation ofa single m one-
tary policy. In the sam e vein for macroprudential regulation, the presence of heterogenous
financial shocks In tem s of volatility/questions the perspective of a single federal m acro-
prudential authority.

Second tuming to structiiral param eters, wefind an in portant di erence between coun-
tries regarding param eterB,E that determ hes the adjustm ent of em ploym ent to the dem and
ofhoursw orked: @gre dountries cbserve a sluggish response of em ploym ent to the cyclewhile
the m ror mage is seen for perdphery. Still regarding the laborm arket, wage rigidity and

26T he posterior distribution combines the likelihood function with prior information. To calculate the
posterion distribution to evaluate the marginal likelihood of the model, the Metropolis-Hastings algorithm
is employed. We compute the posterior moments of the parameters using a suffi ciently large number of
draws;’having made sure that the MCMC algorithm converged. To do this, a sample of 250, 000 draws was
generated for four chains through parallelization, neglecting the first 50,000. The scale factor was set in
order to deliver acceptance rates of between 20 and 30 percent for each chain. Convergence was assessed
by means of the multivariate convergence statistics taken from Brooks and Gelman (1998). We estimate
the model using the dynare package of Adjemian et al. (2011). We provide in the online appendix the
bayesian IRF of the model which are all fairly consistent with VAR-type models evidence.
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hdexation param eters are also higher In core countries suggesting that core countries are
farther from the optin al allbcation characterized by flexible wages and prices. However
this interpretation isnuanced by G ali (2013) show Ing that wage rigidities can, in som e par-
ticular situations, play a stabilizing role for the econom y. O ne of these particular situations

exposed by G ali (2013) isam onetary policy weakly oriented tow ard Inflation which can be

dbserved when m onetary policy hashit its werbound. In the light of this new/rehterpre-
tation that m eets the current situation of the Euro A rea, wages and em ploym entirigidities
of core countries m ay have been stabilizing frictions since the financial crisis episode n
2009.

Third, the results related to m arket Itegration are n Ine w ith'the standard em pirical

evidence. In particular, peripheral econom s are m ore open+and dependent to the core

area than the opposite, exoept for mterbank facilities. This latter result is hard to reconcile
w ith the em pircal evidence as, before the financial crisis, peripheral econom ies where net
recipient of terbank loans that fiieled the property“boom . This could be a lin itation
of the analysis conducted here, however by summang both the net entry of corporate and
Iterbank loans, our m odel predicts that peripheral econom s were net recipient of loans

consistently w ith the historical experience of the Euro Area.

4. The perform ance of Mlacroprudential P olicy

4.1. The suboptimality-of-the federal solution

T he countercyélicalcapitalbu er (CCB , henceforth), asdefined i the B asel ITT accords
(2010) and ESR B haridbock (2014), isan instrum ent designed to contain the procyclicality
of the financial sector. It isain ed at buiding up a capitalbu erwhen threats to resilience
are high\er during periods of excessive credit grow th and can be released when system ic
risks abate. The ESRB has selected the credit-+to-gdp gap as a leading indicator to signal
upoom Ing crises that the CCB ism eant to m itigate. A natural translation of the CCB s

dbjective n our setup corresponds to the m nin ization of the variance of the credit-to-gdp
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ratio i the m onetary union #’
L =0y + Avo§ + N\, (17)

where CTE Iy 0$ and 03 denote respectively the unconditional variance of the credit-to-gdp
ratio, output and policy toolV;; while param eters Ay and A, are weights on output and
CCB. This ad-hoc loss finction L borrowed from Angelini et al. (2014) i cbtamned as
a weighted average of national Ioss functions for each area. It is definedas,'I’ = NL¢ +

1 - n)Lp,where foreach country thenational ossisgiven by, Lj = O‘fL,Y ¥ )\ycﬁy + Avcfv .
Noticeably, as our m odel features an interbank m arket, the ceditto-gdp ratio is given
by the aggregate credit supply divided by output: ctg=4A7\+ - M IBP)/ Yii. As
Angelnietal. (2014), we assum e that Ay= 0.10 and Ay =, 0, however i a robustness section
we hvestigate whether our results are sensitive to this callbbration.

U sing the criterion (17), we are abk to perform a/sin ibr exercise as Angelini et al.
(2014) by ranking m acroprudentizl policies selecting CCB ruk's coe cients P 0 4o Pl
that deliver the smallest oss. W e seaxdi\over a four-din ensional grid over param eters
ranges P,1) forp’ and D 5] or @ . A sa beicm ark for com paring our scenarios for CCB

in plem entation, we consider the optin al m onetary policy situation characterized by the

optin ized Taylor rule that m axin izes the welfare of houssholds living n the m onetary

union. Put di erently, the Interaction between m ocnetary and m acroprudential policy fol-

Jow s a Stackelberg gam ew.here m onetary policy is leaderby rem oving nom male cincies
I the Euro area through the refinancing rate, ollow ed afterw ard by m acroprudentialpolicy
which dam pens financial cycles. O ptin alm cnetary policy is based on a second order ap-

proxin ation toyequilbrium conditions of the m odelas n Schm itt-G roché and U ribe (2007)

27\We are aware that the minimization of a loss function rather than a micro-founded welfare criterion is
alimitation of our analysis. However, it is also well-known that the usual welfare criterion weakly portrays
the trade-of faced by macroprudential authorities between macroeconomic and financial stabilization. A
macroprudential policy maximizing the welfare index reduces inflation to the detriment of the financial
system which experiences higher volatilities for credit supply and spreads. In response, Woodford (2012)
employs an ad hoc loss function that fairly portrays the objective of macroprudential policy. Most of the
literature follows Woodford's approach, such as Darracg-Paries et al. (2011) and Angelini et al. (2014).
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using estin ated param eters of Tabk B .72 O ptin alweights in the Taylr rule are respec-
tively p= 099, ¢"=438,¢*Y=05.

Finally, them Inin ization of the variance of the credit-to-G D P gap can be re-interpreted
through an allocation problem for authorities. Entrepreneurs’ distorted beliefs generate
overborrow Ing decisions which ne ciently am plify the cyclke. By so, entrepreneurs do not
Intemalize their contrdoution to the financial am plfication. Authorities thustinplan ent
a capital requirem ent policy which can be seen as a Pigouvian tax on banks ain ing at
intemalizing the increase of the social cost through higher Jending ratesto entiepreneurs?®
T hus thefinancialam plfication ism easured here through the variance of the credit-to-GD P
ratb.

W e evaluate the stabilization perform ance of each m acropridential policy schem e by
m nin izing the second order Joss function defined i Equation 17 subject to Inear equilb-

rium conditions of the estin ated m odel.

Table.2
Loss-based ranking of different macroprudential policy implementation schemes
Optimal Stances Loss
Scheme [ e [ P L Lo Lp
Loan Supply Targeting
1.a Union-wide loan supply 0.59 5.2 0.28 4.6 54076  3.9097 7.4761
1.b National loan supply 0.96 22 0.91 1.97 0.0071  0.0078 0.0062
Loan Demand Targeting
2.a Union-wide loan demand 0.46 2.64 0.49 1.25 54787  3.9577 7.5791
2.b National loan demand 0.16 2.55 0.96 2.79 0.67336 0.46427 0.9621
Capital Inflows Targeting
3. Capital Inflows 0.53 2.36 0.15 0.57 19.7407 13.5852 28.241

Tablé 2 reports the policy stance and the stabilizing perform ances for each in plem en-

28|n the quantitative simulation, we first search for weights attached to inflation @™, GDP growth ¢*Y
and the’smoothing degree p in the Taylor rule that gives the highest unconditional welfare of households
from Equation B.1. Based on the grid search by 0.01 unit, we limit our attention to policy coeff cients
in the interval (1, 5] for @", [0,0.5] for *¥ (Schmitt-Grohe and Uribe, 2007), and in the interval [0, 0.99]
for p to speed up optimization routines. We take into account the zero-lower bound by adding a penalty
term in the welfare index associated to the variance of the nominal interest rate following the calibration
of Woodford (2003).

2%We refer to Jeanne and Korinek (2013) for the implementation of macroprudential measures through
a social planner problem.
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and periphery detailed in Equation 17. Capital inflows-adjusted policy is not reported-as its loss is too high compared to

alternative schemes.

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

tation schem e. The optin al stabilization of the financial system critically depends on the
target selected by m acroprudential authorities. Unsurprisingly, we observe a clear ranking
favoring operational strum ents reacting, to, national loan developm ents (schem es 1 b and
2 b) that outperform s solutions basad on federal Ioan developm ents (schemeslaand 2a).

A natural question is thus\todetemm ne the degree of mutual financial crossborder
Jending flow s that should e cdbserved to a ect thism ain conclusion. Tndeed, as underlined
by Cecchettiand Tudér @016) and Bedk et al. (2016) a higher banking integration should
require a com m on/prudential standard (here, the targeting rule) applied appropriately to
all parts of the financial system . As a consequence, the e ciency of federal targeting
rules (.e, sHemes 1.a and 2.a) is expected to ncrease wih the share of crossborder
Joans whilemational adjusted should be lesse cient. To Investigate this question, F igure 3
reportsm nin ized Joss finctions for di erent Jevels of crossborder oans. T hree com ponent
are presented related to an ncrease In total mam ely the sum of corporate and interbank)
crossborder loans In the kft panel, in corporate loans only ;n the center panel and
Intetbank loans only in the right panel.

W e can draw three m ain conclusions from Figure 3. First, the Interest of conducting
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federal based definition of the credit-to-gdp ratio unsurprisihgly creases w ith the size of
crossborder flows. A s reported In the first panel, the relative terest of in plem enting a
nationaladjusted rule (such as1.b and 2.b) ism agniied w ith respect to the federaladjusted
e for wer values of a- and a}® . However for values of these param eters higher than
25% , the gap I the Joss function values tends to decrease signficantly. N evertheless,
m acroprudential rules based on a federal definition of the credit to GDP ratio ‘begom es
only nteresting for a m utual cross-border kending openness king around 45%_+This figure
is rather high w ith respect to the current value of crossborder lending, whidt m akes this
solution not optin al for the m om ent.

Second, thispolicy outcom e regarding the reduction i the Jossflinction under a federal
definition of the credit-to-gdp ratio is mainly driven by the'mutual openness of the cor-
porate credit m arkets. A s reported In the center and right panels, nterbank crossborder
lending credit has no noticeable in pact on the reltive ranking of policy solutions, while
the Integration of the corporate loan segm ent determ-meés the slope of the decrease In the
Joss function under the federal solution.

Thid, even if banking integration ‘¢learly enhances the stabilization perform ances of
federaladjusted schem es, a m acroprudential solution targeting the national credit supply
rem ains rem arkably e cient w ith, a gldbal banking system . For the all spectum of values
ofal and a}® displayed i panélsief F igure 3, CCB reaction to a nationaldefinition of the
credit-+to-gdp ratio determ Iesithe low est value for the Joss finction . Thus, our experin ents
suggest that even if cressborder linkages are high encugh to justify the in plem entation of
a federal adjusted sOlution, the reaction to national lending conditions rem ains optin al.

4.2. Contrasting national solutions

A sunderlined in Table 2 our num erical results suggest that the best ocutoom e for the
Joss function value is obtained when m acroprudential policy targets the national supply of
Joans instead of the national dem and for loans (.€., acoounts for the national and foreign
nature of loans contracted in the economy) . The interest of targeting loan supply is easily
understandable, as the transam ission channelofm acroprudential policy directly in pacts the

m arghal cost of Joan production and, by o, financial nterm ediaries. I m acroprudential
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policy targets Joan dem and, this direct channel is dam pened, which Jeads to a lower reduc-
tion of the Joss function . N ationalm acroprudential policies reacting to federal averages do
not target the origin offinancial in balances as regional divergences In credit cycles are too
In portant to have a sihgle federal target. T he solution focusing on crossborder lending de-
velopm ents (3), is clearly dom nated by all the other in plem entation schem es: I this case,
the Joss function reaches its highest value, revealing that targeting extemal inbalances is
not appropriate as it does not take to account the financial roots of the problem .

To understand these results we sin ulate the dynam ic responses to/a negative produc-
tivity shocdk In core countries and a negative net wealth shock in peripheral econom jes 0
W e concentrate on these two shodks as they are leading drivers'of the loan-to-gdp ratio
that authorities ain at stabilizing through capitalbu erm éasures.

First, Figure 4 reports the IR Fs after a negative productivity shock foreach CCB ke
w ith respect to the optin alm cnetary policy siuation. Under the benchm ark of an optin al
m onetary policy (dashed lines), a negative home prodictivity shock depresses nvestm ent
and activity and inplies ne cientfluctuations in the credit-+to-gdp ratib. This shock trans-
Jates to the peripheral region through trade channels, crossborder lending, m cnetary policy
reaction and shock correlation. T he ntroduction of nationalm acroprudentialm easureshas
a clear stabilizing e ect forbusiness cycles of the m onetary union. The release of thebu er
eases the bank capital constrait which In tum lowers credit spreads and investm ent fluc-
tuations. However, the'targeting regin e determ ining the CCB rate critically a ects the
outcom e the econom y-that does not experience the shock and explains the e ectiveness
of national credit targeting regin es over federal cnes. In a federal targeting regine (1a
and 2 a), béth countries react to a comm on average credit-to-gdp ratio which leads the
foreign Gountry” to react procyclically to foreign shodks. In addition, we do not find clear
di erencesbetw een targeting national credit dem and or supply. F nally CCB ratesadjusted
to capital inflow s fail at providing m acroeconom ic stability In particular for the peripheral

oountry. The shock In the core country generates a re-allocation of credit from core to pe-

30As underlined by Angelini et al. (2014), supply shocks may dominate in normal times, while financial
shocks are important in exceptional times.

30



DFFHSWHG# DQXVFUISW

output et credit-to-gdp ratio cigg , investment i

(SIS N

0 5 10 15
capital bufers ¥p

0o 5 1 15 0 5 10 15

S=eo._-01
10 15 0 5
- == Optimal MoPo

- Optimal MoPo + MAP (supply union)

—— Optimal MoPo + MAP (supply national) /A,

output Ye ¢ credit-to-gdp ratio cfgc,t investment “im

0 5 10 15
capital buffers ¥p t

output ¥p ¢

5
- -~ Optimal MoPo
Optimal MoPo + MaPru (demand union)

Optimal MoPo + MaPru (demand national)

Y

p ratio dig, investment i¢ ¢ spread fL, - ft capital buffers V¢,
10 2
0

output Ye,t

.Y

=15

0 5 10 15
capital buffers ¥p

0 5 10 15
credit-to-gdp ratio cig,

Oqp-mmmmmmmm e 0

-0.2 -0.05
4

0.6 a5 01

0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15
- ==~ Optimal MoPo
=++22: Optimal MoPo + MaPru (capital inflows)
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ripheraleconom s and authorities in peripheral econom ies procyclically tighten the capital
constraint which lne ciently am plifies the crisis.

Second, Figure 5 depicts the IRFs after a negative stock m arket shock in peripheral
econom ies. Under the optin alm onetary policy benchm ark (dashed lines), this shock dete-

rorates the borrow Ing conditions of entrepreneurs, thus hcurring a large decline In output

and Investm ent through the extemal finance prem um channel. Consequentlyy/‘the-credit-
to-gdp gap experiences a large decline ine ciently driven by the biased  expéctations of
entrepreneurs. Our m ain results regarding the in plem entation of m aCroprudential m ea-
sures are sin ilbr to the productivity shodk. Natinal credit targeting is preferred to a
federal one as the Iatter exacerbates fluctuations for the countzry ‘that does not experience
the shodk, creating a spillbver e ect. The sam e procyclicalmechanism is cbserved for the
capital nflow s targeting schem e. F mally, targeting the demand or supply of credit provides
very sin ilar resoonses.

Table 3
Macroeconomic performances of different implementation schemes in comparison to the optimal policy benchmark

Standard deviations (%) Correlation
A Core: APeripherAy

Scheme Vet 18 T 851 Y.t 5.t ibp.t 851 corr(Ye,t, ¥p,t)
Monetary Policy Only

Benchmark 100 100 100 100 100 100 100 100 0.15
Loan Supply Targeting

1.a Union-wide loan supply 91.57 91.95 7511 12747 103.88 11345 73.86 105.96 0.15

1.b National loan supply 79.67 76.60 74.48 130.46 95.06 86.19 7393 120.19 0.46
Loan Demand Target ing

2.a Union-wide loan _demand 91.58 9206 751 127.29 103.79 11292 73.96 105.58 0.16

2.b National loah‘demand 82.89 9294 71.73 137.08 76.24 6342 7619 116.41 0.44
Capital Inflows Targeting

3  Capital Inflows 9342 1383 7327 156.67 96.33 79.92 8894 90.46 0.37

A coounting for all shodks of the m odel, Table 3 reports the standard deviation of ac-
tivity, corporate and Interbank loans and nterest rate spread under altemative policy

schem es. W e contrast our results w ith respect to the optin al m onetary policy (w ithout

prudential regulation) to m easure how the conduct of m acroprudential m easures have de-
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Figure 5: System response to an estimated negative firms net wealth shock in peripheral countries n";"t
measured in percentage deviations from steady state under different CCB regulation schemes (domestic or
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creased/ncreased the standard deviation of endogencus variables for each countyy. This
exercise m easures how the stabilizing gains are distdbuted between countries. W e also
report business cycle synchronization statistics, as m easured by the correlation of ocutput
between econom des, to evaluate whether the schem e is able to am ooth the heterogeneity
between Euro A rea participants.

Overall, the highest gains can be obtamned by adopting m acroprudential policyam ea-
sures reacting to national developm ents in the creditto-gdp mtio. The, reaction of the
m acroprudential nstrum ent to other m easures of the creditto-gdp ratio (based on either
Joan dem and or federal averages) leads to less reduction in the standaxd deviation of these
aggregates. However, the in plm entation of m acroprudential pelicy is not a free inch
since the building up of a capitalbu erm echanically ncreases.the volatility of the spread
when stabilizing the debtto-GDP ratio '

In addition, we cbserve a natural link between oan=to<GD P stabilization and bushess
cycle synchronization, show Ing that the implmentation of national-adjusted m acropru-
dential policies sm ooths the heterogeneity across/regions. Such a resul is interesting for
m onetary policy m akers, as the e ectivéness of a single m onetary policy critically depends
on bushess cycle synchronization betw eati m'onetary union participants. Thus the enhanced
cycle synchronization partially solves the Euro A rea’s problem of a “one-sizefits-all” m on-
etary policy.

C ontrasting the nationaldem and and national supply targeting solutions, we find that
their e ectiveness are-Clearly di erent according to the country considered. As an ex-
am ple, the supply £ide oriented policy fits the situation of core econom des, while the one
ordented towards the dem and of credit m eets the situation of peripheral econom s In termm s

of m acxoegonom ic stabilization. Core countries should thus focus on the stabilization of

its Joanks while peripheral econom s should stabilize its borrowers. Having asym m etric
targets’betw een regions of the Eurozone could be an hteresting perspective to in plm ent
stabilization policies.

31The variability of the lending spread is a leading indicator of financial distress, Woodford (2012) sets
its stabilization as an objective for monetary policy making with financial frictions.
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Finally the capial mflow s targeting solution fits well peripheral econom ies that were
net recipient of foreign clain s before the 2009 crisis. However, this policy is haim fi1l for
core countries, a ected by an Increase In the volatility of loans and of the credit spread.
O ver the sam ple tin e period, core countries w ere net exporter of loans by fueling property
boom s in peripheral econom des through Interbank lending, this capital outflow involves
an me cint and durabk reduction of the CCB mate enhancing the volatility ‘of ‘credit
dom estically. W hile capital controls appears to be a prom ising tool for, Perphery, it is

clearly unsuited to countries experiencing capital outflow s.

5. Additional sensitivity analysis

This section assesses the rabusmess of our results w ith YeSpect to som e key param eters

of the m odeland to the nature of shodks encountered in-the economy.

5.1. Loss function calibration

Table 4
Sensitivity analysis of scheme ranking te different calibrated parameters

Euro area loss L

1.a 1b 2.a 2.b 3
Loss output stabilization Ay = 0 54076 0.0071 5.4787 0.67336 19.7407
Ay =5 6.0138 04063 5.9196 1.0906 16.7659
Ay =10 6.5325 0.8036 6.5119 1.5042 20.8989
Loss policy instrument A= 0 54063 0.0004 5.5147 0.66152 19.9706
Ap=\5 57099 0.28443 57186 0.97562 20.1045
A= 10 59328 0.53581 5.9252 1.1936 20.4273
Loan substitutability v3¢=0 55082 0.0072 5.4190 0.67025 19.7962
v,§{=5 55206 0.0068 5.5392 0.6914 20.2309
v,§= 10 55372 0.0067 5.5298 0.7056 20.9558
Share of core countries n=04 55641 0.0069 55485 0.0868 19.0729
n=05 56804 0.0069 5.7378 0.3138 19.7849
n=06 54134 0.0071 5.4053 0.78181 20.2335
Flexibleinterest rates =0 59139 0.0058 5.8096 0.65304 17.8474
=0 5.8987 0.0074 5.8685 0.66579 16.6966
6t=682=0 59067 0.0059 5.8446 0.66382 21.3504

Note: Ay and Ay denote respectively weights on output and policy tool volatities in the macroprudential loss function, v is
the substitution degree between home and foreign credit varieties and n denotes the share of core countries in terms of real
GDP in the euro area. Losses are evaluated using the average of core and peripheral countries volatilities.

First, Table 4 reports the sensitivity analysis of the m ain results to the calbrated value

of som e underlying param eters. T hefirst experin ents focuson the weight param eters of the
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Joss function of m acroprudential authorities. A s reported, the ranking of policies rem ain
una ected by the value of these param eters. An increase in the policym akers preferences for
output (denoted Ay ) orthe penalization of the variance of capital requirem ents (denoted A, )
creases the Joss. Tuming to structural param eters mam ely the degree of substitutability
between di erent varieties of Ioans v and n the share of core countries n the monetary
union) the sensitivity analysis does not alter the ranking of m acroprudential deciSions. A s
dbserved, an Increase I the size of the core countries’ group has opposite ‘resilts on the
value of the Joss, depending on the din ension of the credit-to-gdp ratis that 4s taken nto
account In the reaction of m acroprudential policy. The loss decreasss for schem es based
on a reaction to national loan developm ents while it ncreasegwhén the m acroprudential
strum ent reacts to the federalvalue of the ratio. H owever, thegap between the Iossvalues
rem ain =0 high that the ranking betw een national and/federal solutions is left una ected.
R egarding thenom inalrigidities on interest rates, thiis reflecting the in perfect pass-through
of both m onetary and m acroprudential policies;disabling this nom inal friction does not

a ect the ranking too.

5.2. Nature of shocks

Second, Table 5 reports the [gengitivity analysis of the m ain results to the nature of
shocks encountered in the egonomy. W e distinguish between supply (productivity shocks),
dem and (gathering public,gpendng shodks, preference shodks and investm ent shocks) and
financial shodks (gathering shocks on the collateral of corporate lending, on riskiness of
Investm ent projctsiand cost push shocks on deposit). A s underlined by Angelini et al.
(2014), suppdy and dém and shocksm ay dom inate in nom altin es, whilkefinancialshodks are
In portantiin exdeptional tin es. For each shodk, we contrast the consequences of adopting
one of thewracroprudential schem e adopted for the definition of the credit-to-gdp ratio (la
0 3) . A's dbserved, the relative ranking of the policy schem e isnot altered by the nature of
shodks encountered In the econom y, as the solution based upon the reaction of authorities
to the fluctuations in the national loan suppl to GD P dom nates all the other possibilities.
However, the value of the Ioss fluctuates and it ishigher for financial shocks. Furthem ore,

a closer ook at the m acroprudential param eters show s that the nature of the shodk a ects
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Table 5
Robustness check: optimal monetary and macroprudential Policies conditional on shocks

Monetary Macroprudential Loss

Policy Poalicy Union Core Periph

Scheme P 9" ¢ P % O % Lu Lc Lp
Supply Shocks
1.a  Union-wide loan supply 094 5 0.5 0.82 030 041 3.86 1.3139  0.95417  1.8107
1.b  National loan supply 094 5 0.5 095 272 086 258 0.0027  0.0041 0.0007
2.a  Union-wide loan demand 094 5 0.5 090 354 039 050 1.3189 £ 0:95679 1.819
2.b  National loan demand 094 5 0.5 046 249 048 246 0.065797- 0.04746 0.091119
3 Capital Inflows 094 5 0.5 081 363 043 098 1.9538 1.5535  2.5065
Demand Shocks
1.a  Union-wide loan supply 099 1 0.5 066 307 062 216 0:20432 0.14956  0.27993
1.b  National loan supply 099 1 0.5 094 252 064 252 0.0035  0.0039  0.0029
2.a  Union-wide loan demand 099 1 0.5 058 261 039 237 0.2051 0.1504  0.2806
2.b  National loan demand 099 1 0.5 005 235 080 269 0.7980  0.5139 1.1903
3 Capital Inflows 099 1 0.5 0.76 368 0.08 041 12.7015 11.5068 14.3513
Financial Shocks

1.a  Union-wide loan supply 0 148 05 0.15 1.60..0.24  3.35 0.5895  0.4308  0.8086
1.b  National loan supply 0 148 05 092 221 094" 1.66 0.0023  0.0014  0.0035
2.a  Union-wide loan demand 0 148 05 0.06 1.94, 026 3.58 0.5900  0.4301 0.8107
2.b  National loan demand 0 148 05 098 1.72, 0.85 1.37 0.0054  0.0038  0.0077
3 Capital Inflows 0 148 05 0:30+, 047" 0.96 4.63 26168 21119  3.3141

Not e: each group of shocks is composed of core and peripheral shocks and their associated cross-correlation. Supply shocks
group gathers productivity shocks nf;; Demand shock§ group gathers spending n®, preferences n; and investment n/ ;

Financial shocks gathers collateral crunch n‘"ft, riskiness ni(?‘ and deposit cost-push n‘[?t innovations.

the contem poraneous policy stance of regional authorities. A s dbserved, for real shocks,
the contem poraneous reaction(of ¢ore countries authorities tends to be higher for supply
shodks while peripheral countries are m ore reactive for dem and shocks. T his latter feature
is also dbserved for exceptional tin es.

5.3. Structural financial asymmetries

Table 6
Sensitivity analysis of scheme ranking to financial structural asymmetries

Euro area loss L

la 1b 2a 2b 3
Benchmark 54076 0.0071 54787 0.67336 19.7407
Firms rate of default 1- 15 = 0.0125 6.6312 0.0078 6.6535 0.58638 22.6661
Share of illiquid banks Ap =_0.48 6.0702 0.0078 6.3512 1.9242 21.7665
Corporate net wealth-to-assets ratio N,/ K, = 0.2 74030 0.0070 7.3528 0.55023 22.8376
Bank leverage ratio BK /A = 0.06 6.5421 0.0163 6.5513 0.64037  19.651
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Thid, we nvestigate whether structural asymm etrdes a ect the ranking of the m odel,
results are reported in Table 6. In the benchm ark setup developed in the paper, we assum ed
that m ost of the endogenous variables in the detemm iistic steady state were symm etric
between countries. However this assum ption is questionable, in particular regarding the
asym m etries n the financial sector which m ay be an in portant feature form acroprudential
policym aking. A s a first exercise, we exam Ine whether the sym m etry assum ption-on the

default rate of entrepreneurs m atters for the schem e ranking. Since we,canrict cbserve

the default rate of entrepreneurs, we use as a proxy the share of non-perform ng loans
In the balance sheet of banks in BankSoope database. W e find,that the share of non-
perform ng loans is on average tw ice higher n Periphery and calbate the defaulting share
of entrepreneurs accordingly. W e find that this soructural asymm etry does not a ect the
ranking, how everw e dbserve a an all reduction of the gapbetween the dem and-adjusted and
the supply-adjusted m acroprudential policy. W e alo Twestigate the in plications of cross-
oountry heterogeneity in the share of illiquid banks operating i the interbank m arket. W e
proxy this param eter through the number of banks borrow Ing on the unsecured m oney
m arket provided by G arcia-de Andoaiifet/al. (2014). W e find that on average the share
of banks borrow Ing on the hterbank m axket is 25% higher in Periphery, we calbrate Ap
accordingly in ourm odel. T he new, ranking cbtained from thenew set of sim ulations show no
in portant di erence, except for thé national dem and solution which becomes lesse cient
n stabilizhg the credif<4o-gdp rati. W e also nvestigate the i plication of asym m etric
steady state keverages.of firm s and of banks between countries. C ore countries observed a
Jow er net-worth“to-asset ratio than Peripheral econom ies for firm 52 we take this feature
nto account by, calibrating I\Tp/ K_p at 20% as in Taly. For banks, we use the ECB ’s Risk
A ssesapent Indicators RA I) and find that Core banks are less capitalized on average, In
paxtioular because of Belgium , G em any and N etherlands’s Iow equity to assets ratios. W e
calbrate the leverage rati of core banks to 6% to ncorporate this structural asym m etry

and run the sim ulations. W e observe no clear ranking change under these two asym m etries.

32T hereis a clear asymmetry between Core and Peripheral countries in terms of debt-to-financial assets
ratios. For instance, France had a ratio of 40%, Germany 60% and Netherlands 60% while Italy had 80%
and Spain 60%.
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0 verall, these robustmess exercises confimm that these stucturalaspectsdoesnot a ect the
ranking as second order statisticsm Inin ized in the Joss function are rather independent of

structural asym m etries.

6. Conclusion

This paper show s that Intemational lending flow s have m ixed e ects onsthe'cptin al
conduct of m acroprudential policy In the Eurozone. Contrasting altemative niles for coun-
tercyclical capitalbu ers, our results suggest that targeting a national ered t-to-gdp ratio
should be favored to federal averages as this rule Induces better stabilizing perform ances in
term sofoutput and Joan volatility. T he in portant divergencesn credit cyclesbetween core
and peripheral countries reported in the data require a national orientation of m acropru-
dentialpolicy tailored to dom estic financial developm ents. Out results have also underlined
the reduced Interest of lifting up m acroprudential policym aking to the supra-national level.
TIndeed, national capitalbu ers reacting to thé unin-w ide loan-to-GD P ratio kad to the
sam e stabilization results than the one obtamned ynder the national reaction when mutual
crossborder Iending reaches 45% . How ever, even if crossborder linkages are high enough
to justify the in plem entation of a féderaladjusted solution, the reaction to national lending
conditions rem arkably rem ansgoptinal. In addition, we find that adjusting the m acropru-
dential mstrum ent to capital Mflow s is a prom ising tool for countries experiencing loans
Inflow s.

The analysis of crossborder lending on the conduct of m acroprudential policy is a
burgeoning researeh area. In thispaperwe focused on countercyclicalcapitalbu ers, and an
Interesting question for future research is to evaluate how this result favoring self-oriented
m acroprudential m easures m ay be a ected by the choice of altemative m acroprudential
ngtruments. The construction ofan originalw elfare ndex, that featuresa trade-o  between
m acroeconom ic and financial stability, could be a next step of research . F nally, the analysis
ofthe CCB rate through a R am sey allbcation prablam could also be part ofa future research

agenda.
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Appendix A . D ata sources

G ross dom estic product: m illions of national currency, current prices, quarterly lev-
els, seasonally adjusted - sources EUrostat. P rivate final consum ption expenditure:
m illions of national currency,, cutrent prices, quarterly levels, seasonally adjusted - sources
Eurostat. G ross fixéd capital form ation : m illions of national currency, current prices,
quarterly levels,.seasonally adjusted - sources Eurostat. G D P deflator: D eseasonalized
using a m ultp licative decom position - sources Eurostat. Loans to N on-Financial cor-
poration’s: Idéx of Notinal Stocks, Totalm aturity, Euro area (changing com position)
oounterpaxt; D eseasonalized usig a multiplicative decom position, m onthly data (aggre-
gated to get quarterly data) - sources ECB (internal backcasted series) . Loans to M FIs:
Index of Notional Stodks, Totalm aturity, Euro area (changig com position) counterpart,
D eseasonalized using a m ultiplicative decom position, m onthly data (eggregated to get quar-
terly data) - sources ECB (internal backcasted series) . B orrow ing cost: m onthly (taken

I average to get quarterly data), Credit and other mstitutions M FI except MM Fs and
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central banks); Loans up to 1 year; BS ocounterpart sector: Non-Financial corporations
(S11); Outstanding am ount - sources ECB (internal backcasted series). D eposit rate:
monthly (taken In average to get quarterly data), Fim s and Households; - sources ECB
(internal backcasted series). M oney m arket rates: money m arket Interest rates, one

year m aturity, quarterly data - sources Eurostat .

Appendix B. The non-banking part of the m odel

W e extend the m odel of Poutineau and Verm andel (2015) to acoount for the conduct
of m acroprudential policy in an heterogenous m cnetary union sudias the Euro Area. Our
m odel describes a m onetary union made of two asymm etric cbuntdesi  {c,p} wherec
is for core and p for perbhery). Each parti of the m cnetaryunin is of a relhtive size
n; 3 Asshown in Figure 2, each country is populated by consim ers, intem ediate and final
producers, entrepreneurs, capital suppliers and a bankihg system . Regarding the conduct
ofm acroeconom ic policy, we assum e nationalfiscalauthorities and a com m on centralbank .
The in plem entation of the m acroprudential policy is keft open, and w illbe discussed below
I another section . O urm odel is confronted to the data using B ayesian econom etrics and it
enaom passes several sources of rigidities to enhance its em pIrical relevance. The set of real
rigidities accounts for consum ption habits, nvestm ent adjustm ent costs and loan dem and
habits. Regarding nom mal rigidities, we acoount for stickiness in final goods prices and
Joan Interest rates.

Appendix B.1. Households and labor unions
T he preferences of the j th household are given by:
] O
X Xi 1+ oM

Et B exp €l ) :bg[CiHs—h'CCit—HsD—i i
it+s B i y (1+ OiH) it+s

) ®1)
s=0

where E; denotes the expectation operator, (0, 1) is the discount factor, param eter
ol > 0 shapes the utility fimction of the j " housshold associated to hours worked Hi ;.

33Normalizing the size of the monetary union to unity, the relative size of the core are is n and the
relative size of the peripheral areais 1 - n.
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T he consum ption index C;; is subject to extemalhabits w ith degree h® ;1) with G -1
the aggregate lagged consum ption, while X; > 0 is a shift param eter allow Ing us to pin
down the steady state am ount of hours worked. T he discount factor isa ected by a tine-
preference shock Eil"" ollow ing an AR (1) stodhastic process that exogenously changes the
housshold’s intertem poral allocation of consum ption over the cycle.

HousshoH j ™" period budget constrait is given by

O O
1+ R}?t_1

T+ T[i(,;t) *

WirttHi,t + Dﬁt—1 it = Ci,t + Dld‘ + ti" + p,tAch‘ B 2)

The incom e of the representative housshold is m ade of lboriheom e with the desired
real wage Wi'ft 34 hterest paym ents for deposit services Dﬁl and real eamings t from
shareholdings of firm s and unins. The interest rate is'deflated by the consum er price
Iflation rate 1+ = PS/PS. ;. The representative household spends this ncome on
consum ption, deposits and tax paym ents for a realam ount oft; ; . Finally, we assum e that
the househoX has to pay quadratic adjustm efit costs to buy new deposits,*® these costs are
paid In tem s hom e goods w ith relativeprice piy = Pt/ Pﬁ where P;; is the production
price mdex of hom e produced goods while Pi‘?t is the consum ption price index. Households
consum e both hom e and foreign goods.and their corresponding consum ption basket follow s
a standard CES function:

Cun 1o A, e e O, ®3)
where param eter 4. > ‘0 is the elasticity of substitution between dom estic and foreign final
goods and dic D, 1/ 2] m easures the fraction of goods bought abroad . The corresponding
price Hdex'is, P§ = (1-af JP,J;“ + ol

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

34As explained below, the desired wage is negotiated by a trade union.

35This cost is almost neutral on the dynamic of the model and is necessary to remove an unit root
component which is standardly induced by the international nature of our model. See Schmitt-Grohe and
Uribe (2003) for an extensive discussion and solutions regarding this issue. The functional form we choose
is: ACP, (j) = 0.5xp (D¢ (j) - Di)% Di, where D; is the steady state level of deposits and xp > 0 is the
cost parameter.
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ferentiated labor types, sold by kbor unions to perfectly com petitive labor padkers who
assmble them in a CES aggregator and sell the hom ogencus Jabor to intemm ediate firm %
Unins negotiate the realm argh between the real desired wage of houssholds Wﬂt and the
realm argial product of labor W, ¢/ Pi(’:t . Using a Calvo wage nom inal rigidity device, each
period a random fraction 9,W of unions is unabk to re-negotiate a new wage. A ssum ing
that the trade union is abke to m odify its wage with a probability 1 - 8V, thé j{unin
chooses the nom alcoptin alwage W,y to m axin ize its expected sum of profits:

X « DGIWQ UW{:‘ QU W N

e
_ itrs BT 1+ T'ﬁ+k—1 - acP(gi,ﬁs)wih,us Hi s s, B 4)
s=0 it+7 k=1

where i+ Is household’s stochastic discount factor, 8}/}{ is/an ad-hoc wagepush shodk to
the realwage equation follow ing an AR (1) process w hidy captures exogenousfluctuations n

the wage m argin negotiated by unions and a ects in-tum the productivity of the economy.

Appendix B.2. Firms

Tnterm ediate fim s produce di erentiated goods, decide on lbor and capital inputs on

a perfectly com petitive Iputsm arket and/sst prices acoording to the Calvom odel. Theith
firm has the llow ing C dbb-D ouglas technology':

it IHi,t ) B 5)

where] ; isthe standatd production fimction that com bines (utilized) physical capitalK,
Iabor dem and H i‘ft toHousehold and (exogenous) technology Eﬁt . Interm ediate firm s solve
a two-stage’ problem . In the first stage, taking the real hput prices Wi and z; as given,
fimm s rent :inputsHi‘ft and K} In a perfectly com petitive factorm arket in order tom nin ize

costs subject to the production constraint (B 5) to determ le the realm arghal cost MGt .

36 abor packers are perfectly competitive and maximize profits, Wi (H% - G(W; ¢ (j)Hi (j)), under
their packing technology constraint, Hi ¢ = [(1/n;)" W G(H; ()™ =" ™ )w/(w =" Here, Wi, is the
production price, Hi‘f, is the labor demand and [y is a substitution parameter. The first order condition
which determines the optimal demand for the " labor typeis, Hi ¢ (j) = (1/n)(Wi(j)/ Wi )~ "™ HA, j.
Thus the aggregate wage index of all labor types in the economy emerges from the zero-profit condition:
Wi = [(1/n)G(Wi g ()" )17 (=),
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Tn the second-stage, the interm ediate fimm | sets prices according to a Calvo m echanism .
Each period fimm i is not allwed to re-optin ize its price with probability BIP but price
creases by §ip D;1) with respect to the previous period’s rate of price Inflation, Py =
L+ Th -1 e Pi-1. Theith fim allowed tom odify its selling price w ith a prabability 1- 6°
chooses P/’ to m axin ize its discounted sum of profits:
0

0
X - 0 Py @
. Lt . aip(srus)mcihs Y ftss B 6)

itrs Be L+ Thgei-1)°
it+sk=1

where EiFj‘ isan ad-hoc cost-push shodk to the Inflation equation ollowing an AR (1) process
which captures exogenous Inflation pressures.

Once goods are produced and prices are set, final fimds act as goods packers: they
com bine di erentiated goods to produce the hom ogenous final good sold m ainly to house-
holds?’

Appendix B.3. Entrepreneurs
The capital required by the Interm ediate firm' In the production process is financed by
an entrepreneur that belngs to the samé business unit i . The balance sheet of the it

entrepreneur is given by:
G.Kir = L+ Nig. B.7)

D efining Q; K 1 agthe’am ount of capital to be financed by entrepreneuri, G = Qj ¢/ Pi(’:t is
the realshadow Vallie of capitalgoods. Thisquantity G (K¢ isfinanced by the entrepreneur
through two'weans: its net wealth Nj; and the real am ount borrowed from the banking
system 4L}, ; ."Fom ally, Joan dem ands are subject to extemal habits as ollows: L =

Lé=ht L¥_; - [?) with thehabitdegreeht D, 1),L%_; the aggregate average Jevel of

37Goods packers are perfectly competitive and maximize profits, P; ;Y4 - G(P; ¢ (i) Yi,; (i)), under their
packing technology constraint, Y4 = [(1/n;)" P G(Y; ¢ (i) "~ ®)]?/ (P~ Here, Pi is the produc-
tion price, Yif’( is the aggregate demand (or the resource constraint) and (p is a substitution param-
eter. The first order condition which determines the optimal demand for the it" good is, Yt (i) =
(1 ni)(Pic(i) Pit)” PYif’t, i. Thus the aggregate price index of all varieties in the economy emerges
from the zero-profit condition: P; ¢ = [(1/n;)G(Pi ¢ (i)' * )" (1= 1%),

44



Joans of the previous period and I:id the steady state stock of loans®® Em pirically, fiim sand
banks operating in the Euro Area choose longer debt m aturities than the standard one-
period contract usually used i realbusiess cycle m odels. Then the tem hiL%_; allows
for slow adjustm ent over tin e of the balance sheet constraint, to capture the dea that n
practice borrow ers do not readjust their cutstanding am ount of loans every quarter. This
approach of introducing slow adjustm ent of credit is close to Tacoviellb (2015), enployed
here In a context of a financial accelerator m odel. D uring phases of recession. diatacterized
by asset price collapses of § 1, this fidction prevents the total stodk ofdoans,to fall at the
sam e rate as the price of financial assets, thus m aking credit lessprocyclical consistently
w ith em pirical evidence. Since these habits don 't directly a ect the first order condition of
the entrepreneur (as the overall problem of the entrepreneldrean be expressed i tem s of
physical capital directly), their in plications on entrepreneurs’ profits is rather m nor but
large for financial interm ediary facing a persistent dem'and for loans.

To Introduce corporate crossborder lending,we oW Poutineau and Verm andel (2015)
and Brzoza-Brzezina et al. (2015) by adopting a CES function that bundles dom estic and
foreign Joans o ered by banks operating.in,the m onetary union £

| Oyy O b, B 0,0 o -
1-at v Lﬁmq“ D, ot v L?MQU )iy . & 8)

Ld =
Here, param eter U 0 ds,the elasticity of substimition between dom estic and foreign in-
terbank funds, (JiL [, 1/.21 represents the percentage of cross-border nterbank Joan flow s
in the m onetary,union ‘and L{ ; @esp. LY, ;) the am ount of dom estic (resp. foreign) loans

dem anded by borrow Ing entrepreneurs living In country i. As a consequence, the bor-

38|n the estimation exercise, we use the total stock of loans, they are of diferent maturities implying a
strong.autocorrelation. Simply by introducing loan demand habits, taking into account the high autocor-
relation of loans becomes tractable easily and does not change the steady state of the model. For instance
in 1999,/1oans with a maturity above one year represented 64% of the outstanding stock of loans in the
Eurosystem.

39K ollmann et al. (2011) provides a complementary way of introducing cross-border lending through
global banks. However, this approach assumes a perfect credit market intregration between Euro par-
ticipants that is not consistent with the data. Alternatively, Dedola and Lombardo (2012) introduce
cross-border loans through a portfolio problem that requires a second order approximation to the policy
function, which poses an issue when putting the model to the data.
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row Ing cost is a CES aggregate of hom e and foreign credit rates defined as: 1+ Pil,'t =
(@-ab)@+ RE)"™+ of @+ RE)™9)VO-0)

Regarding financial frictions, we relterpret the financial acoelerator a la Bemanke
et al. (1999) from a banking perspective I order to have state-contingent lending rates
needed to troduce m acroprudentialm easures’ To do so, we ©llow the m odelling device
of Poutineau and Verm andel (2015) that provides a m icro-foundation for the financial

acceleratorm echanian relying on biased expectations of entrepreneurs instead of a)jstandard

m oralhazard problem . The nvestm ent projects undertaken by the enttepreneur are risky

and di erw ith respect to thelr ndividualretums. Tom odel ndividualuiskiness, we borrow
from Bemanke et al. (1999) and assum e that each project has an mdividual retum equalto
le + Ri'ft [, i.e. that the aggregate retum of nvestm ent projects in the economy 1 + Rikyt
ismultiplied by a random valie W. The representative/entiepreneur conducts a m ass W of

diversffied investm ent projects and the profit of the W, investm ent project is given by':
E o k O L LL‘ H
it ((.U) = U-Et 1+ Ri,1+1 q,tKi,t ((.U) - 1+ Pi,t LM ((.U), (B -9)

In order to acquire a loan, entrepreneuxs have to engage 1 a financial contract before
the realization of w*' A frer engagingtin the financial contract, entrepreneurs recognize ex
post the value of uﬁ which geparates the default space W < uﬁ) from the space of gains
(@) uﬁ ). Thereby the ex post ‘threshold separating the default space from the profitable

space Is com puted trough, the zero prfit condition on Equation B 9:
0 U 0 0
Wi 1oRE G K- = 1+ Py LI, (8 10)

Followg Helpm an et al. (2004), we adapt the Pareto distrdbution to m odel the pro-

40T he/pathbreaking contribution of Bernanke et al. (1999) focuses on the demand side of credit market
through a moral hazard problem but neglects its supply side and in turn the possibility to introduce
macroprudential measures that could affect the macroeconomic outcome. Their model is closed assuming
that lending rates are pre-determined.

41Theindividual return wis also referred as an idiosyncratic shock in the financial accelerator literature.
The debt contract is conclude before the idiosyncratic shock is recognized which generates unexpected
losses for the entrepreneurs and lenders.
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ductivity of firm s In a financial context. Investm ent projects are drawn from a Pareto
distrdoution W P K) wih support W hin, + ) where K > 1 is the shape param eter

and Whin > 0 is the Iowerbound of the distribution . G iven the characteristics of the distri-

bution, it ispossible to com pute the share of profitable projects, denoted r]ﬁ = Whin/ uf‘ ),
and their aggregate value, @ ¢ = K/ K- 1)(.;4‘?t #2 W hen the entrepreneur isunderwaterw ith
an nvestm ent projct value below the cost of credit, she endogencusly defaults@n her loan
and abandons her Investm ent project.

To mtroduce a financial accelerator m echanism , we assum e that éntrepreneurs have

short temm distorted expectations regarding the aggregate profitability of their aggregate
Investm ent projects O t, thus creating a financil fidction in thewdonomy with dynam ic
properties close to Bemanke et al. (1999) . The perceived ex ante.value of profitable projects
@ 1+ 1 Is defined by the CES function 3

1/

9@ =Q ye

U7 (@ e 4 , ® 11)

whereK; D, 1) isthe elasticity of the extemalfinance pram iim and @) is the steady state
of @ t+ 1 . During phases of expansion diaracterized by high aggregate retums above the the
steady state @ 1+1 > W, entrepreneuts’ orecasts regarding the aggregate prefitability are
optin isticwith g (@ t+1) > Qi+ +Jn contrast or ow expected realizationsof @) 1+ 1 below is
steady state, entrepreneurs tend to hold pessim istic expectations about their retums w ith

g @t+1) < @ t+1 . Fally 1 steady state, there isno expectation bias, g @) = @ # BEvery

42Jsing the characteristics of the Pareto distribution F (w), the distribution of stochastic investment
projects whas@ positive support, isindependently distributed (across entrepreneursand time) with unitary
mean E [w],= 1)%and density function f (w). Investment projects above the cut-of value, w > uf‘, have
positive profits I'IF't (w) 0 which allows entrepreneurs Eo repayJits Iﬁfns to the bank. The share of
profitable projects 1 - F (w) is computed as, n® = Pr w of = f (wdw = Fiu}nin/wc)‘ while
the conLditionaI e{pectation of w when entrepreneur’s project is gainful is, nfw = :cwf (w) dw with
D=E W of = Luf.

“3There is a rich literature providing evidence that entrepreneurs are more optimistic compared to the
general population; for some recent studies see, e.g., Landier and Thesmar (2009), Puri and Robinson
(2013), Dawson and Henley (2013).

441t is important to stress that function g(w «1) only affects expected returns of E; {w 1+ 1}, while for
ex post values (e.g., W+ and W - 1) the entrepreneur recorgnizes the true value of her return.
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shodk driving financial retums above or below the steady state w ill trigger an acceleration
of the business cycles through these biased expectations fork; > 0.

Aggregating all profitable nvestm ent projects (ie. above uﬁ) that the entrepreneur
does not abandon, it chooses a capital value of K ¢ that m axin izes its profit (pefore the
realization of W) defined as:

£ 0 E o O K O 0 Lﬂ HFF
it= Bt Mieq 9@p+1) 1+ Riq GiKip - 1+ Py Ly . B 12)

Taking the first order condition combied wih Equation B 10, the financial accelerator
principle em exges through the extemalfinance prem um expressions:

O 0 O
K 1 Ni,t 4“

1+Rly 1
1+ Ph B W K-1 q,tKi,t

B 13)

Up toafirstorder, X, 1 - Bty Ki G + Kig - Niy))\ the fpread isa positive finction to the
capital-to-net wealth rati. Under this assumption, the balnce sheet of borrowers a ects
the borrow Ing conditions and m agnfies the financial cycle. The size of the acoelerator is
determ ined by the degree of biasK; ofborrow ers.

Finally, the law of m otion of/the net wealth is given by profit cbtained at the end of
period t-1:

Nit = j1— 6ED Evem e, B 14)
where & D, 174s'the net wealth decay that is related to the default rate of entrepreneur
(endogenously determ ned In steady state) and Ei"ft isan AR (1) shock to the net wealth
of entrepreneurs which captures exogenous variations in stock prices and the dem and for

Joans.

Appendix B.4. Capital goods producers

The capital producer rents and refurbishes the capital stock used by interm ediate firm s

and financed by the entrepreneurs on a com petitive m arket. The law ofm otion of physical
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capital is determ ined by:

0 O
Kit= 1- S((@CP(Eg,t)h,t“i,t—H liv+ @- 0)Kji1, B 15)

where Sil,t is a stochastic process which captures exogenous changes In asset price fluctu-
ations and the adjustm ent cost function taken from Sm ets and W outers (2007) reads as:
S X¢)= X{ X - 1)? with Xil 0 is the adjustm ent cost. In addition, mvestm ent Is.com posaed

of dom estic and foreign goods sum m arized by a CES function:

N Dy - S - -
lig= (1-al "ML gl T e e ® 16)

where param eter Y is the elasticity of substimition between dom estic and foreign goods
I nvestm ent and (]i' m easures the degree of nvestm ent|d#¥ersfication in the m onetary
unin between hom e and foreign countries. The dorresponding price index of Ivestm ent

0 O _ -
is,P = (1-qf Pr)' ™+ al Pr )TV

T he representative capital supplier chooses | ¥ to m axin ize its real discounted profits:

X « 0

0 O 0
r(r}a:fEx oo trs Ges 1= S @l )it lit-1) - Plias lites B 17)
it ~

whereq = Qi /P stands ortherealshadow valie of investm ent goodsand pl = P/ P§
is the relative price of Mvesment goods.
Fally regarding capital utilization, the optin al rate of utilization is given by #°

Ui )=Zi ) witha Uiy) = Z Uig - 1)+ 0.5@/ - Ww)Z Uiy - 17, B 18)

where (0, 1) is the elasticity of utilization costs w ith respect to capital nputs. As In
Stitets and W outers (2003, 2007), capital requires one period to be settled so that utilized

capital is defined as, K = Uj tKit-1.

45When households do not take capital supply decisions, the optimal capital utilization is determined
by, maxy, , (Zi tuit - a(uit)) Kit.
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Appendix B.5. Monetary and fiscal policy

N ational govemm ents finance public spending by charging um p-sum taxes to house-
holdsti. The total am ount of taxes finance public spending w ithout contracting public
debt such that the public budget is always balanced. As in Smets and W outers (2003,
2007), the level of spending G ; is exogenously determ ned as a constant fraction of out-
put gY exp (!»:ft ), where gY is the fix com ponent and Eﬁ is the tin evarying component of
spending that follow s a standard AR (1) shodk process. Parameterg  D,1)-iS the steady
state spending-to-GDP rato. It is in portant to m ention that we om'it ssighiorage rev-
enues that could be given to fiscal authorities as their mclision generates an explosive path
of dq)osji:s.46 This could be a lim itation of cur m odel, howeter L esper (1991) indicates
seigniorage representsa am all fraction of govermm ent revenues fordeveloped econom des thus
show Ing that its om ission does not seem to be in portant-for the analysis conducted here.

Conceming federal m onetary policy, the general expression of the interest rule inple-
m ented by the m onetary union centralbank follow s the linear rule:

_ 0 _[
Ri-R=p Re1-R + 1- @ + ¢ - Yieq)) + €F, B 19)

whe:cesf isam onetary policy shock domm on to them cnetary union m embers, " 1 isthe
inflation target param eter, @ Y/is the GDP growth target. A s m cnetary policy responds
to the aggregate evoluion.of mflation and activity n the m onetary union, recall that
TC = NeTG + NpTISy andY = NeYor + NpYp .

Appendix B.6., Stochastic shock processes

To bexn Ime with the benchm ark m odel of Sm ets and W ocuters (2003) for the Euro
Area, allour random processes follow s an AR (1) specification. Each part of the Eurozone

né€lides 10 country-spectic shocks ors = {A,G,U,1,P,W,N,D,B,L} such that:

€= P&+ Mywihny, N ©0) B 20)

46T his assumption is common for recent macroeconomic models as underlined by Curdia and Woodford
(2011). We refer to Gerali et al. (2010) or Adam (2011) for macro-models without seignioriage.
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Finally both part of the m onetary union are a ected by a comm on m onetary policy shock
i Equation B 19 defined as, e} = pReR, + R with n® N (0,0R). M arkups shocks for
m = {P,W, D } are nom alized to one, as in plicitly assum ed -n Sm ets and W outers (2003),
by dividing their stochastic innovations N by the elasticity of the Inear New K eynesian
Phillips curve, (160M)@8M)/0M.

Appendix B.7. Aggregation and market clearing

The general equilbrimm of the m odel is set as ©llows. A fter () aggregating all agents
and varieties n the economy, (i) in posingm arket clearing forallm arkets, (ii ) substituting
the relevant dem and fimctions, (V) nom alizing the total size ofthem cnetary union N¢ +
Np = 1) such that the size of the core area isn and the perjpheral area size is1- N, we get
the general equilbrium conditions of the m odel. W e can express the aggregation function
of variabke X; X) as: G X;; X)) = Ro"xi,t X)X ori.= cland G Xi; X)) = R;Xm x)dx
fori = p.

Thus, replacihg the dem and finctions of forein and hom e goods (consum ption and
Investm ent),, we finally obtain the hom efinal goods m arket equilbrim :

0
Yc,t/ zt = 1- GC

og p “_Lp 0 | [m[m] | o M
c Pc,t/ Pc,t Cc,t + 1- a. Pc,t/ Pc,t Ic,t
&l c i 1 -
+ @L-n)n dp Pc,:/Pp,t Cpt + ap Pc,:/Pp,t Ipt B 21)

+ a (Uc,t)Kc,t—1 + gY_ @ip(Egt) + ACE{ ,

where ft = G Prp)AP{t)” © denotes the price dispersion tem , which is induced by the
assum ed nature of price stickness.

C onceming, the corporate loan m arket, recall that entrepreneursborrow to dom estic and
foreign banks w ith varieties b produced by liquid illiquid banks, kading to the follow ing

equilbrium for each country:

O o B
LS/ L= 1-a5 @+ RS @+ P VLo

ct

¥ o0, ® 22)
+n/ @-mas @+ R5) @+ PL) Ly,

where h is the credit rate dispersion tem .
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Tuming to the nterbank m arket, the perfect com petition involves no interest rate dis-
persion between loan vardeties. Tt clears when the follow Ing condition between liquid banks
and hom e and foreign illiquid banks holds:

[

] RN 1
IBS - AVA= 1-a® @+ REV a+P®) *IBY,
0 g B 23)
+n/@-ma® @+ REY a+ P CIBS,
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Table B.7
Prior and Posterior distributions of structural parameters and shock processes.

Parameter Prior distributions Posterior distribution [5%:95%]
Shape[mean;std] CORE PERIPHERY EURO
shock standard deviations
of Productivity | G[0.10,2.00] 0.82 [0.64:1.00] 0.79 [0.43:1.11] -
o8 Government spending | G[0.10,2.00] 1.43 [1.20:1.65] 1.39 [1.15:1.63] -
cilJ Preferences 1 G[0.10,2.00] 124 [0.76:1.73] 152 [0.98:2.06] -
o! Investment costs | G[0.10,2.00] 255 [1.83:3.26] 2.57 [1.78:3.47] -
ci'5 Firms markup 1 G[0.10,2.00] 0.10 [0.06:0.14] 0.29 [0.17:0.41] -
oW Unions markup 1 G[0.10,2.00] 0.45 [0.33:0.57) 0.71 [0.58:0.85] -
ol Firms net wealth 1 G[0.10,2.00] 0.36 [0.28:0.45] 0.37 [0.26:0.47] -
oP Deposit markdown 1 G[0.10,2.00] 0.30 [0.23:0.37] 0.64 [0.48:0.79] -
0}3 Bank liabilities 1 G[0.10,2.00] 589 [4.63:7.10] 9.75 [7.95:1%.57] -
ol Credit markup 1 G[0.10,2.00] 231 [1.78:2.81] 209 ,[1.61:2.57] -
0IR Monetary policy 1 G[0.10,2.00] - - 0.09 [0.07:0.10]
shock process ar (1)
oA Productivity B[0.50,0.20] 0.98 [0.97:0.99], 096 [0.91:1.00] -
o8 Government spending B[0.50,0.20] 0.87 [0.82:0.93] 0.63" [0.44:0.82] -
pilJ Preferences B[0.50,0.20] 0.29 [0.08:0:49] , 0.82 [0.67:0.96] -
ol Investment costs B[0.50,0.20] 0.79 [0.70:0.88] “~0.68 [0.50:0.90] -
p,ﬁ’ Firms markup B[0.50,0.20] 0.99 [0.99:1.00] 0.76 [0.54:0.95] -
oW Unions markup B[0.50,0.20] 049 {0.21:0:77] 0.16 [0.02:0.30] -
o Firms net wealth B[0.50,0.20] 0.86.__[0.81:0.90]  0.91 [0.87:0.95] -
pb Deposit markdown B[0.50,0.20] 0/88 [0.84:0.93] 0.90 [0.84:0.95] -
oB Bank liabilities B[0.50,0.20] 094 [0.90:0.99] 0.96 [0.93:0.99] -
pl Credit markup B[0.50,0.20] 0.71+[0'55:0.86]  0.68 [0.54:0.82] -
ph Monetary policy B[0.50,0.20] - - 0.36  [0.25:0.48]
international shock correlation
corry Productivity N [0.20,0.20} - - 0.20 [0.01:0.40]
oornG Government spending N [0.20,0.20] - - 0.13  [-0.06:0.33]
corr!  Preferences N [0.20,0.20] - - 0.07 [-0.12:0.26]
corr} Investment costs N [0.20,0.20] - - 0.45 [0.28:0.63]
corr‘rS Firms markup N'[0.20,0.20] - - 0.28 [0.10:0.47]
oorr}"’ Unions markup N [0.20,0.20] - - 0.24 [0.08:0.42]
oornN Firms net wealth N [0.20,0.20] - - 0.33 [0.15:0.51]
comD Deposit markdown N [0.20,0.20] - - 0.68 [0.56:0.81]
corr®  Bank liabilities N [0.20,0.20] - - 0.00 [-0.21:0.22]
oorr{- Credit markup N [0.20,0.20] - - 0.81 [0.72:0.90]
structural parameters
ol Labour disutility G[2.00,0.50] 0.79 [0.41:1.15] 196 [1.17:2.73] -
he Consumption habits B[0.70,0.10] 0.55 [0.42:0.69] 048 [0.34:0.62] -
o Calvo price B[0.50,0.10] 0.72 [0.67:0.78] 072 [0.62:0.82] -
;b Price indexation B[0.50,0.15] 0.22 [0.08:0.37] 0.23 [0.07:0.38] -
oW Calvo wage B[0.50,0.10] 0.85 [0.79:0.91 0.89 [0.85:0.93] -
F,‘(’V Wagelindexation B[0.50,0.15] 0.51 [0.35:0.67] 0.18 [0.10:0.25] -
BiE Employment elasticity B[0.50,0.10] 0.84 [0.81:0.86] 0.52 [0.18:0.74] -
o- Calvo credit rate B[0.50,0.10] 0.71 [0.64:0.78] 074 [0.69:0.79] -
e,b Calvo deposit rate B[0.50,0.10] 0.79 [0.76:0.81] 0.73 [0.69:0.77] -
X! Investment costs N [0.50,1.50] 6.59 [4.63:8.41] 7.83 [5.08:10.3] -
i Utilization elasticity B[0.50,0.10] 0.71 [0.62:0.80] 0.70 [0.58:0.82] -
K External finance elasticity B[0.05,0.02] 0.13 [0.06:0.19]  0.09 [0.05:0.13] -
h- Loan demand habits B[0.50,0.20] 0.79 [0.70:0.89] 0.91 [0.85:0.97] -
h‘é Interbank habits B[0.50,0.20] 0.28 [0.07:0.48] 0.14  [0.02:0.26] -
u? Goods market openness B[0.12,0.05] 0.08 [0.04:0.13] 0.14 [0.07:0.22] -
al Inv. market openness B[0.08,0.03] 0.05 [0.02:0.09] 0.08 [0.03:0.13] -
at Credit market openness B[0.10,0.04] 0.05 [0.02:0.08] 0.12 [0.05:0.18] -
aiks Interbank openness B[0.20,0.05] 0.38 [0.30:0.46] 0.32 [0.24:0.4] -
" Substitutability goods G[1.50,0.50] - - 1.42  [0.99:1.83]
p MPR smoothing B[0.50,0.20] - - 0.84 [0.80:0.89]
i MPR inflation N [2.00,0.15] - - 1.65 [1.37:1.92]
¢*Y  MPR GDP growth N [0.12,0.05) - - 0.08  [0.03:0.12]
Marginal log-likelihood -1199.2

Not e: | G denotes the Inverse Gamma distribution, B the B%@ N the Normal, G the Gamma.





