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Abstract

The aim of this article is to analyze how financihaterogeneity can accentuate the
cyclical divergences inside a monetary union tlaae$ technological, monetary, budgetary or
financial shocks. To this purpose, this study sebia a two-country Dynamic Stochastic General
Equilibrium model, where the two countries are saggul to be differently sensitive to the bank
capital channel. The model allows us to demonsthae a given symmetric shock causes
cyclical divergences inside a heterogeneous monataon. On this point, it allows reproducing
some stylized facts recently observed in the UE.rddeer, it appears that the more
heterogeneous the union, the larger the effectsnahcial asymmetries on the transmission of
shocks. Finally, we show that a common monetaryicpotontributes to worsen cyclical
divergences, in comparison with monetary policied tvould be nationally conducted.
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1 Introduction

The structural heterogeneity inside the Europeamétery Union is largely documented and
commented Despite the attempts of convergence made bymadtigpvernments, recent studies
have concluded that the financial system remaindréan being integrated. More precisely,
among the five main financial markets usually apetl (money, government bond, corporate
bond, banking credit and equity market), the bagkirarkets appear as the most heterogerieous
As shown during the subprime mortgage crisis, bamkdely contribute to the
propagation of shocks, and in particular of finahoines, which have become recurrent over the
last two decades (cf. the EMS crisis, the spillevef the Asian financial crisis, the "dot-com

Y LARE-¢efi, Université Montesquieu Bordeaux |V, AvenLéon Duguit, 33608 Pessac Cedex

* Laboratoire d’Economie d’Orléans (LEO), UMR CNRS2a, Rue de Blois, BP-6739, 45160 Orléans Cedex 2
Corresponding author: gregory.levieuge@univ-orl€ans

! See for instanc@ondeau & Sahuc (2008), Sekkat & Malek Mansour $208ngeloni & Ehrmann (2007), Ekinci

& Al. (2007), Hofmann & Remsperger (2005), Lane@gp

2 See Baele & Al. (2004) and ECB (2008).

® Price differentials remain high, and home biaselending to and borrowing of small non-financiarporations
and households are persistent. National specétiti the firms' and banks' financial structuresdocumented for
instance in Chatelain & Al. (2003) or Ehrmann & £&003)




bubble" boom and burst, etc.). In this perspecteeral recent contributicheave highlighted
the relevance of th&ank Capital Channel (BCC)ccording to which banks' balance sheet
structures may act as an amplifier for the transiois of shocks to the real economy.
Theoretically, because of an agency problem betweaeks and their creditors, the formers bear
an external financial premium that is negativeliated to their capital ratio (and so is counter-
cyclical).

The main issue is that this banks' external finagpgremium is ultimately passed on to
the firms' credit conditions, what amplifies initishocks. TheEuro Area Lending Surveys
published during the 2007-2008 period have undadlithe tightening of credit standards for
loans to firms following the previous financial o And this appears clearly as a consequence
of the growing banks' costs of funds and their ilitgtio access market financing. This confirms
the existence of a BCC in Europe. But this chams@lot homogeneous. Indeed, considering
simultaneously the main factors underlying the B@R empirical study by Badarau-Semenescu
& Levieuge (2010) indicates that European countees ought to be more (Germany, Italy,
Netherland) or less (Finland, France, Spain) serdit this mechanism.

For these reasons, the BCC constitutes an integestiay to model the effects of
financial heterogeneity in Europe. If empiricaldits clearly report these financial asymmetries,
theoretical models — in particular DSGE models -sinadten do not. Moreover, they pay no
attention to the role of banks in propagating skbck is then impossible to suitably 1)
understand and assess the effects of these saliakymmetries on cyclical divergences and 2)
evaluate the macroeconomic policies that are likelyitigate these effects.

In this empirical and theoretical context, the admthis article is to develop a two-
country DSGE model with four basic improvementsardgg to the existing literature. First,
referring to empirical evidence and respondinht deficiencies of standard DSGE models, we
consider an explicit Bank Capital Channel, in actible but non-trivial way. Second, we
consider that the two countries belong to a mogetarion. Third, in line with empirical
evidence, these two countries are supposed to r@ndially (structurally) heterogenedus
Finally, we do not only consider monetary and tetbgical shocks, but also financial ones.

* For theoretical contributions see Blum & Hellwitp5), Chen (2001), Sunirand (2003), Van den He(R@06),
Gerali & Al. (2008), Levieuge (2009a), Meh & Morg2010). To this respect Gertler & Kiyotaki (2009)adyze the
case of a capital quality shock to explain the afléinancial intermediaries in the propagationttoé recent crisis.
For empirical evidence, see for instance Peek &2000), Gambacorta & Mistrulli (2004).

® See O. Issing (2006) for instanc€ah one really expect that models without an eitplieell developed financial
sector can explain an economic world in which ficiahmarkets play an ever increasing role®ee alsd. Khon
(2008): 'the macroeconomic models that have been used Iiakcbanks to inform their monetary policy decision
are clearly inadequate. These models incorporate feany, complex relationships among financiatitutions or
the financial-accelerator effects and other cradteractions that are now causing stresses in fai@nmarkets to
spill over to the real econorhySimilar critics are founded in Bean (2009).

® Previous examples of monetary policy analysisvio-tountry models with different financial systears provides
by Faia (2002) or Gilchrist & Al. (2002). The lattiea particular settles for introducing asymmeffirens’ balance
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All in all, these improvements allow a better urs@nding of the way financial
heterogeneity accentuates the cyclical divergebedween the members of a monetary union.
Precisely, we demonstrate how a given symmetriclsitauses cyclical divergences inside a
heterogeneous monetary union. The model reprockmee stylized facts of the recent period.
Moreover, we show that the more heterogeneous nienuthe larger the effects of financial
asymmetries on the transmission of shocks. Findllgppears that aommonmonetary policy
contributes to worsen the cyclical divergencestl@se grounds, this contribution can be seen as
a first step whose extensions would be the evaoati monetary and budgetary policies that are
likely to mitigate the effects of financial asymmes$. Again, the literature based on DSGE
models usually neglects this question, for the nioig context of a two-country monetary union
model.

The reminder of this paper is organized as folloWse second section describes the
technical features of the baseline model, scrutigizhe partial (financial) and the general
equilibriums. The third section exhibits the dynesnbf the model and illustrates the adverse
effects of the structural financial asymmetries anmonetary union. The fourth section
demonstrates how a common monetary policy exa@sbiditese negative effects in such a
context. The last section formulates some conctydemarks.

2 The baseline mode

The model, based on Bernanke & Al. (1999), Sunir@@®3) and Levieuge (2009a), describes a
two-country monetary union with heterogeneous mafitvanking structures. The main structure
for each member country is depicted in appendi®id.categories of national agents act in each
economy: households, entrepreneurs, retailersiatgmoducers, banks and a government. A
common Central Bank is also considered.

Households supply labour and own the retail firnfhey receive wages from
entrepreneurs and profits from retailers, and beentfor consumption and savings. Because the
model consists of a two-country monetary union, éstic households simultaneously consume
domestic goods and goods produced in the othertigoahthe union. They also pay lump-sum
taxes to the Government, necessary to financeuhkcpgexpenditures. Entrepreneurs (firms) use
labor and capital as input (partially financed bsbt to produce wholesale final goods, in
perfectly competitive markets. Retailers buy whaleggoods from the producers. They slightly
differentiate them (with no costs) and retail thema monopolistic competition market. CES
aggregates of retail products are bought by houdshand by capital producers. The latter
transform retail goods in capital (used by theegmeneurs, in the production process).

sheet channels within a monetary union and analfzedransmission of technological shocks. We ektdweir
study considering the effects of a bank capitaholefand different shocks.



A patrticular attention is paid to the banking maskevhere the financial heterogeneity is
considered. The role of banks is twofold in the slodn one hand, they participate as lenders to
the firms. On the other hand, they collect fundsmirhouseholds (so as to insure the firms
financing). The next subsections go into detaithi@ financial contracts describing the financial
intermediation, before finally describing the aggte relations of the DSGE model.

2.1 Thetermsof the financial contracts between banks and entrepreneurs
Be the case of a representative firm (entreprened produce wholesale final goods for the
period t +1, the entrepreneusuys, at the end of the peridd the capitalK|,, at a priceQ,.
Because he cannot entirely self-finance the prpjeetuses his own net weaﬂNIFti), and
borrows the remainder(Bt‘) from a representative bafjk B' =QK/,-NF'. The loan
contracted has one period maturifihe expected retunﬁRf;ﬁ = a{'ﬂRt‘jl) of the representative
firm i is affected by an idiosyncraficrisk(w‘ﬂ), whose realization is private information.

t

Assuming a costly state verification framework al'avnsend (1979fhank j needs to engage
verification costs to reveal this information ifettborrower declares bankruptcy. Following
Bernanke & Al. (1999), a predetermined thresholdiea®f «f,,, noted@'? , exists such that:

@ RUQKL, = RiB (1),
where R'iﬂrepresents the non-default loan rate associatédetalebt contract signed between
the firm i and the bank. For @';} given, two possible situations exig§t:aj,, = @' , in which
case the realized return of the firm is sufficigritigh to repay its debt to the bank. The firm
even obtains a benefit which G&;‘ﬂ @' )R[‘ithKt‘ﬂ; orii) al,, <@\l , in which case the firm
revenues are insufficient to fulfill the loan caat, it declares bankruptcy and is liquidated. The
auditing cost the bank has to spend if the firmlates bankruptcy(uBa)t‘ﬂR[EthKt‘ﬂ) is
supposed to be proportional to the gross returtherfirm’s investment, wherg/® is the factor
of proportionality. The bank thus only receiv&— ,uB)a):ﬂRtletK:ﬂ, after the verification

procedure.

But at the same time the banker must collect fuindshn households to finance the
entrepreneur. Thus, he must implicitly consider ¢bst of such operations. Banks operate in a
perfectly competitive environment, are neutralhe idiosyncratic risk and to the aggregate risk

).,is a random variable that follows a log-normal rilisttion of mean— 0 /2 and standard deviatiod

independent and identically distributed among fians in time. It fulfills all general conditionsrfthe existence of
the financial contract. See Bernanke & Al. (19%)nirand (2003) or Levieuge (2009b) for example.
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associated to the banking activity, but adversethte aggregate risk associated to the
entrepreneurs’ activify In the seminal model of Bernanke & Al. (1998e banks’ portfolios

are infinitely large, and the idiosyncratic rig#t is completely diversified. Households are thus

sure to benefit from a riskless return when thewyl & banks, and the financing cost for banks
does not depend on their capital structure. Buhoae realistic assumption is that banks’ loan
portfolios are of finite size. The risk associateith the firms’ investment projects is thus partly
transferred to banks (which can now default), altichately to households. By analogy with the
bank-firm relation, the return on the loans poitfobf the bank is supposed to be private
information. A creditor household has to engagesdly state procedure to observe the return of
the bank to which he has lent funds, if the bantlades bankruptcy. A second agency problem
then arises, now between banks (borrower) and holds (lender), whose treatment will render
the external financing costly for banks and willige them to accumulate inside capital. Like in
Krasa & Villamil (1992), households perform theaalf ‘monitoring the monitors’.

To maintain the model tractability at the aggredatvel, we follow hereafter Sunirand
(2003) when supposing that a bank can only pagieipo the investment projects of one firm
In such a way, the idiosyncratic risk is fully digdied at the aggregate level, but not at the bank
level. This assumption also allows to simplify redter the notations, by renouncing to indices
iandj .

In such a context, at the peridd the representative bank uses its inside accuatllat
capital (NBt ) and other complementary funds raised from housisiiol= Q,K,,, — NF, — NB,

to lend B, =QK,, —NF, to a representative firm. According to the aforetiwered
assumptions, the risk of the firl(mm) is directly transferred to the bank’s balance shieet’s
denote byR%, the non-default gross return on bank securitiesilied by the household. The

threshold value oty,, that describes the default of the b ﬁﬁl) must thus satisfy the relation:

(- 4°JasQRuK . = R, o)

The left-hand-side of the relation (2) correspotadthe gain obtained by the banker from
financing the entrepreneur, in the bad scenari@ntthe firm goes bankruptcy and the bank pays
the monitoring cos(]uB). The right-hand-side of (2) gives the amount &f bBanker’'s pledge
towards the household. As in Sunirand (2003), ineshold value for the bank’s bankruptcy is

8 As R'iﬂis predetermined, all shocks affecting the agglaagatnponenRt'i1 are borne only by firms.

° As discussed in Sunirand (200@)ith the assumption of a finite size for the baran portfolios, the aggregation
should depend on the distribution of risky projenteach bank. An equivalent situation occurs whgoposing that
one bank can lend to several firms, but the returthe firms’ investment projects is perfectly ebated within a

bank, while it ig.i.d across banks.



always lower than the threshold value calculateditie firm’s defaul(afl > cT)tfl). The banks

default is always conditional to the previous défafi firms. But the defaulting of a firm does
not necessarily imply that its bank goes bankrlipafter the costly verification procedure, the

banks can recuperate sufficient funds to pay theséloolds, they can survive. Three situations

are thus possiblé) w,, > @, >@°, in which case there is no default and the firgirmntract

runs without any difficulty;ii) @%, >w,, >@?%, in which case only the entrepreneur goes
bankrupt, while the banker receives sufficient furadter the monitoring procedure to pay the

creditor household; anid) @', >@° > «,,, when entrepreneur and bank declare default, and

the household starts a costly verification of tlaaker, whose cos(wA) IS proportional to the
bank’s gross return,uA(l— ,uB)cqﬂQt R, K.,,,, With g* > g% .1

In this context, the terms of the contract betw#den bank and the entrepreneur come
from the resolution of an optimization program tlseks to maximize the entrepreneur’s
expected benefits, subject to the participatiorddgn for the bank, and implicitly to that for the
household. The solutions of this program give the firm dechdor capital and the value of the

thresholdga®, and @° . The non-default loan rate associated to the aonhtbetween the
entrepreneur and the bal(iREjl) is then easily obtained from (1), and the grossrreto be paid

to the househol@?,’jl) comes from (2). The first order conditions of ghe@gram lead to the
following external finance premium for the firm, salution to the agency problém
K

S" = We|ki,), wheres' = E{%} ,%ﬁw andk/, :NF?‘% (3)

In a logarithmic form,S" simply defines the firm's external finance premiimthe
model, i. e. the difference between the net retmrthe firm’s physical capital required by the
bank(rtfl =R", —1) and the risk-free ratért{l =R', —1).

Unlike Bernanke & Al. (1999), the firm’s externah&nce premium does not only depend

on the firm’s financial posmoEl%j, but also on the accumulated inside capital oflotuek

t

(NBt ) All things being equal, the lower the firm’s ne¢alth (NFt ) the higher the cost of its

9 The monitoring procedure is more costly for housgfahan for banks (which are specialized in thisdkof
operations). This justifies the intermediation tyi by banks.

YAs discussed hereafter in the description of th&B$®node] the participation constraints of the different agemn
the financial contract refers to the opportunitgtogiven by the risk-free rate.

12 Details on the explicit form of the optimizatiomogram and its solution are available on request separate
Technical Appendix.



external financing. Moreover, it depends on thektmarinancial situation. A§" negatively

depends or\B, in (3), the lending interest rate required by a-baglitalized bank is ought to be

higher than that charged by a healthier one. Téis ¢learly shows the internalization by the
entrepreneurs of the banks' external financingscd& much so that a deterioration in banks’
balance sheet finally implies a tightening of tkeading conditions to firms. This is the bank
capital channel manifestation, previously discussed

2.2 Thetermsof the financial contracts between banks and households
Contracting with firms, the banks also interacthwibuseholds to collect funds. Households are
neutral to the idiosyncratic risk, but averse te #ygregate risk They elaborate their gain
expectations on the basis of the average (aggnlegsten of banks in the econorﬁR{il). As

previously, the lender (household) knows that #tern of the borrower (bank) is subject to an
idiosyncratic (and not spontaneously observablel%i notede,,,, supposed to follow a log-

normal distribution similar to that ofy,,. Precisely, a threshold,,, exists for the banker, under
which he goes bankrupt. This threshold value sesishe condition:

gt+1|?t|3’-1Bt = Rtél (4)1
where R%, is the non-default gross return to be paid by thekbon the funds raised from
household at the end of periodSo, if £, = £,,,, the bank’s revenues are sufficient to fulfill its

commitments towards the household. On the contridryg,, <&,,, the bank declares

1410
bankruptcy. But the realization of,,, is private information. In case of bankruptcy
announcement, the household has to pay an auoﬁtieg(uAgtHRﬁlBt) proportional to the
gross return of the bank’s loans portfolio to obt#he real value ofe,,. He thus recovers:
(- 1" ) uREB, .

The terms of the financial contract between theklamd a representative household are

simply obtained by maximizing the expected banksnddit, subject to the household
participation constraint. The solution of the pgrallows determininB, and the threshold

131t means that the aggregate risk will be bornéifnys and banks. The mechanism which protects Hmide from
the aggregate risk is the following. The non-defaterest rate on bank securities are predetemnitehe end of
period t. So, if int +1, the effective return on non-idiosyncratic compunef firms’ or banks’ investments is
lower than expected, households will be compensatidthe higher non-default interest rate on bsagurities.

“In other words, not only a defaulting entreprerzam drag a bank down with him, as we have sedmeiptevious
subsection, but also a bank can declare bankriggtcguse of an adverse idiosyncratic shock



valueg,,,, in function of the realizations dR%, . The solution of this agency problem gives rise
to an external finance premium for the banker, rifiby>:

B
S? =W, |k2,|, wheres® = Ra e 0 and with KB, =D (5)

Rl ok, NB,
As expected, the non-default return on the bankan$ portfolio required by the
householcﬂRﬁl) is higher than the risk-free interest rate. Theeag only depends on the bank’s

financial leverage, defined here by the accumulatsidie capital on loans ratio.

The relations (3) and (5) clearly show that thet ajsexternal finance for firms/banks
depend on the accumulated net worth of the agddEsapndNB). The firm’s net worth mainly

comes from the accumulated benefits, i.d. the actated value of the firrﬁv/Ft ) In addition, it
is assumed that the entrepreneur offers its lafimee™ and perceives a Wabﬁflzt ) which
increases the firm’s net wealth, so that:

NF, = yF|VF, +WF, | (6)
where the coefficienty™ corresponds to the survival probability of therfirassuming that a
constant proportio(l—yF) of firms leave the market each period. When livihg market, the

remaining net wealth is entirely used to consumal ftj;oods(CFt ):
_/F
cF =y R +wr =L ™
14

Besides, the value of the 1‘irrﬁv’Ft ) is given by the gross return on capital, afterréayment

of the debt and of the associated interests. 8c5fo given in (3):

VE =Q.RK -§4R'B. (8)

In a similar way, the bank inside capital comesnigadrom the accumulated benefits of
the intermediation activity, i.d. the intrinsic ual of the banl{VBt ) Besides, it is assumed that a
proportion(l— yB) of banks leaves the market each period, transteerismall par(tB) of their

inside capital to new banks(for an aggregated amoumif). Then, forS?, given in (5), banks'
net wealth can be written:

' Details on the explicit form of the optimizationogram and its solution are available on requeshénseparate
Technical Appendix. See also Levieuge (2009b).

16 This assumption just allows the wholesale prodsiderborrow immediately; otherwise, they shouldefam

unrealistically high external finance premium.

" n line with other financial accelerator modetsistassumption gives the possibility to new bamkbenefit from

initial capital, which is essential for the accéssexternal financing. Without initial wealth, tlexternal financial
premium would be prohibitive for newcomers.



NB, = y®VB +T° 9),

with VB =RB, -S%}R'A, (10).

The outgoing banks, once their transfers to newesrdene, consume in final goods
their remaining capital:

_ _-pP -t
cB ={-y*)i-t2 VB _é/?(l__th)Jr_tB)NBt (12)

2.3 Thegeneral equilibrium model

With a Cobb-Douglas constant return to scale teldgyofor firms and an equivalent condition
to define the banks’ activity, the individual eqgoas (3) and (5) to (11) remain unchanged after
aggregatioft. The partial equilibriums solved for the finanaiaérkets are then easily embedded
in a dynamic general equilibrium model of a two4ctby monetary union. Apart from the
financial imperfections, the model is standard. FEaountry is inhabited by a continuum of
infinitely-lived households represented by the unierval. These agents choose consumption
(C) and leisure(L) and determine the working tim{¢d =1-L) remunerated at a real ra¢.
The one period utility function is given by:

o, o.-1 g, o+l

C ;c - H Oh (12)’
o, -1 o, +1 "

C

U(C,.H,)=

with ¢_the consumption intertemporal elasticity of subgitin, and g, the elasticity of the
disutility associated to labour.

Consumption is a composite index which depends lw donsumption of goods
domestically produced and goods produced in theratbuntry of the union. The origin of goods

is indexed by 1 and 2, whil€ and C” denote aggregate consumption in the first and ¢cersl
country of the union, respectiver.D[O;L] represents the relative preference for consumtion
domestic produced goods, in each country.

C=- Clyczl_y - C' = —(Cl* )l_y (C; )y (13)

ya-yr y -y

Price indexes for the two countries are respegtivel= P"P,"”and P = (P2 )y (Pl )_y :

and the law of one price is supposed to hold.

18 See Bernanke & Al. (1999) or Sunirand (2003) farendetails on the aggregation procedure.



Householdschoose a sequence of consumption, labour, bankites (A ) and other
possible financial investment(D,) at the real risk-free interest rate, which maxiraizan
intertemporal utility function, based on (12), sedijto the following budget constraint:

RC +RD, +A <RWH, +A,R"+RDR' -T +M, (14)

In (14), R* =1+r" and R' =1+r,!, denote respectively the gross returns of the two
alternative financial investments for househol@srepresents lump sum taxes afidare the

dividends received from the ownership of retailmB: Symmetric constraint applies in the
second country of the union, and the first orderditions associated tG,,D,, A andH, appear

in the following table:

Table 1. First order conditions for the households’ optzation

Country 1 Country 2
1 —i * 1 * —i
/1t :Etct o, At :?(Ct) o,
0=4 - RLE[A,]E R e [ P,
t I P, 0:/1'[ _IBRMEt [/]t+1]Et Ft):
t
— _ A
0=4 - ARAE 0= 4 - AREE A
Ht :(AtF)tV\l() Ht* :(/]:Pt*\/\/t*)a“

The following condition is fulfilled at the optimum(Rtil)Et[iﬂ}:(Rtfl)E{F;ﬁl]
t

t

corresponding to the equality of the real interasts inside the union. This allows writing:
C =C/(e)" (15),

P . :
where®, =— is an expression of the bilateral terms of trade.
t

Wholesale producersombine labour and capital with a Cobb-Douglasstamt return to
scale technology:

Y, =a K L andY, =a’ (K ) (L) (16),
with a, an exogenous productivity factor that follows anstard autoregressive process in the
model: a, = p,a_, +&,, where &, defines a productivity shock, with zero mean amit u

variance. The labour imput in (16) is a compositdek of households |ab0L(lHt) and
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entrepreneurial Iabour(Hf): L = HtQ(HtF )l_Q. As indicated previously, entrepreneurs
supplement their income by supplying their labcancé, remunerated at a rar¢”™ . Note that
the total entrepreneurial labour is normalized nityu In each country, the investme(1t[) is
supposed to concern domestic produced goods. Themadation of physical capital is
introduced by the standard equation, wittthe depreciation rate:

K., =1-0)K, +1, (17)

It is also assumed that there are some internaiatagljustment costgb([)] introduced by
the presence of theapital producers who buyl, units of final goods and transform them in
physical capital sold to the entrepreneurs.

2| K,

P
Noting o, =—= the relative price of wholesale goods producech@dountry 1,Q,the
1t

Lagrange multiplier associated to the process pftalaaccumulation, and given the term of

2
qJ(It,Kt):io(l—‘—J] K,,for ¢ >0 (18).

P _P , o e ,
trade -+ = =0Q,, the profit maximization program of domestic firrgsves the first order
2 t

conditions (relative toH,,H;”, I, and K,,, respectively), reported in the table 2. As in leexje

(2009a) the profit maximization of capital produee internalized in this program. The first two
conditions define the labour demands. The thircegithe Tobin’sQ ratio. The last relation
represents the expected gross return to holdingty of capital fromt to t +1. At the optimum,
the firms’ demand for capital insures the equdigtween the expected marginal cost for the
external financing and the expected marginal returicapital.

Table 2. First order conditions for firms’ optimization

Country 17
p (o) 0l-a) = p (0, - )i-a) e 2w =1+ 220)
H, H, al,
2
1 v Y, I,
El [REl] = at Et [pt+l(et+l)l yai - %{52 - (ﬁj J + (1— 5)Qt+l:|

(*) For the second country of the union the firstler conditions are symmetric, except for the expdn
of ©,, which becomeéy—l) instead of(l— y).
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Retailersare represented by firms, held by households, wpigchase wholesale goods
and retail them afterwards. Their main role is ifeecentiate final goods. In so doing, they allow
introducing price inertia in the model. Followingal@o (1983), it is assumed that a retailer
changes his price with probability-¢, in a given period. Subsequently, the retailecipg

behavior leads to the following ‘new Phillips cusvén the two countries of the union:

7y, = BE, lﬁl,t+1J+ kp, and 7z,, = IBEt[ﬁz,tﬂ]"'K/bt* (19),
where n,, =log(P, /P,.,) and n,, =log(P,, /P,.,) give the inflation rates calculated in the

(1-¢)-¢B)
c

domestically priced goods for the two countriess and p,, p; are respectively

the real marginal cost for a representative retafleeach country.X defines, for allx,, the

deviation of a variable;, from its steady-state value.
The national goods and labour markets equilibriemditions imply:
Ly 1o,
Yo = ®t2y-1Ct[y+ (L-y)e, “]+ I +G +CR +Ch (20)

Y, =(0)cla-y)+ 0, y]+1; +G; +CF +cR (20)

and respectively:

o

(Ht) G = (Ct)

()% =(c)= ooy al-a)y (21).

o p (@) al-a) (21)

National governmentsse lump-sum taxes to finance public expenditusdsch follow
standard autoregressive process:

gt = pg @t—l + ggt (22)
G0 =P80+ ¢, 2R
where o, ,0; <1, and 59(,5;( are random budgetary shocks with zero mean andstemidard

deviation.

Finally, thecommon Central Bankonducts the monetary policy following a standard
monetary policy rule (with respect to the union-gvidflation):
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i = Bl + (1= B )B AN + e, (23),
where 7z :%(ﬁt +ﬁf). Thep, > Ocoefficient corresponds to the reaction of the nnye

policy to the union-wide inflation deviation frontsisteady-state leves, D[O;][ is the smoothing

coefficient of the nominal interest ratg, represents a monetary policy shock.

A financial shockis added tothis model — as well as technological, budgetargt an
monetary shocks that are introduced in equatiof¥ (22) and (23) respectively. In previous
equations,Q, represents the fundamental value of the firms’'spla) capital, given by the

actualized amount of dividends to be obtained leyfitms’ shareholders. We now allow for the
possibility that the market value of the capit@ndted hereafter b@", differ temporarily from

its fundamental valu€),, because of a temporary financial sho(ﬁg§):

Q"=Q +¢, (24),
with &, a random variable of zero average. If the shocsearint, it affects the market value
QT of the capital only at this period; afterwards,rtatg from thet+1 period, the equality

betweenQ™and Q, holds agail’. Hence, in case of financial shock, the fundanestarn on
the physical capital given ifiable 2becomes aabnormal returnon capital given by:

PAC) )l‘ya:((tt —(5[52 —[l'{j] +(1-o)Qr
Qt—l

Then, Q" replacesQ, in the equations (3), (4), (5) and (8), respetyiekefining the dynamics

of firms’ net worth, banks’ net worth, and the sedpgent external finance premiums. So, when

(25).
R[Km =

Q" >Q, , the firms’ and banks’ net values increase withamy fundamental justification. The

seeming improvement of their balance sheet allbvemtto obtain better conditions for external
financing, stimulating the national investment amatput (and inversely in case of adverse
financial shock).

2.4 Themodel parameterization

The calibration for the parameters and the varglgte ratios) at their steady-state is made
according to the references found in the literafarahe euro area. Ratios such as capital/GDP,

9 Then, the financial shock corresponds to a onegdmancial bubble, whereas Bernanke & Gertle&d9d) and
Levieuge (2009a) simulate an exogenous multi-peoiogl. The aim here is not to reproduce the effetts long-
lasting financial bubble, but simply to adequaiekert financial shocks in the model.
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investment/GDP or total consumption/GDP are all gatible with the estimations revealed by
Fagan & Al. (2001) Moreover, it is realistically supposed that barieve a lower default

probability than firms,and that the ratio% belongs to the interva[l 0.],0.2].20 Finally, the

probability for a bank to leave the credit marlseetawer than for firms, and as already evagked
the audit is more costly for households than forkdsa The calibration for the baseline model is
detailed in appendix 3.

3 Financial asymmetries and transmission of shocksinside the union

In line with empirical evidence, financial strucaurheterogeneity is now introduced in the
model, by assuming that th®anks financial leveragat their steady-state and teensibility
coefficient of the banks’ external finance premitomtheir financial structur(z/Jg) are not
similar in the two countriesSymmetric monetary, budgetary, technological pariicial shocks
are then simulated in order to study the dynamidh® main aggregates in the union and the
sensitivity of the national dynamics to the degoéehe union’s financial heterogeneity. Since
the general results are robust for all kind of $spave present hereafter only the simulations
related to a negative financial shock, like thatesteed during the recent subprime crisis.

3.1 Transmission of shocks and dynamics of the model

We assume that the banking system in country 2eisetb capitalized than in country 1

( NBI? =02> 0.15=%in the baseline parameterizatioWoreover, country 1 is characterized

by an external finance premium for banks that igersensitive to changes in their leverage,
compared to country?2 Concretely,/s = 0.002and ¢ = 0.001are chosen for the baseline
calibration. To concentrate on the asymmetric &fenly due to the bank capital channel, we
consider that both countries are identical in ih@-side. So, besides the symmetrical financial
accelerator related to the firms’ financial sitoati we expect to obtain an additional and
asymmetrical financial accelerator due to the bamkectors heterogeneity.
This is verified in theFigure 1, which represents the dynarffiasf the two countries of

the union following an unexpected fall in the markelue of the physical capita(Qm). This

2 See, for example, the numerical values used byr&wh(2003) andevieuge (2009a) for the euro area.

2 Technically, a lower capitalization ratio at theasly state endogenously implies higher monitodogts. As
these costs contribute to the definition of an ek financial premium in this CSV framework, assugn
simultaneously a lower capitalization and a higékasticity to banks’ leverage to characterize thesiaffected
country is logical.

22 Simulations are implemented with Dynare. See Adien& Al. (2009). Note that the Blanchard-Kahn citioths
are satisfied; the model has a unique and stadjlectory to its steady state. Note also that axpmeted rise in the
nominal interest rate gives conventional results.
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shock negatively affects the agents’ net worthir thieancial position and the external finance
premium they must bear. Country 1 is more affeth@h country 2. Two factors contribute to
these dissimilar national adjustments. First, maidoanks face higher external finance premium
in country 1 because of their deeper financialiftggand because of the higher sensitivity to
their balance sheet structure. The cost of thesfirexternal finance is subsequently higher,
reducing the incentive to invest and the aggredateand in turn. As a result, inflation falls
more in country 1. Second, as the Central Bank aeslduhe common nominal interest rate
accordingly to the average inflation rate, the retdrest rate increases more in country 1 than in
country 2. In the absence of union, the nationalt@é&Bank of the country 1 would have cut its
policy rate more than a common Central Bank (witerage objectives) would have done. This
reinforces the adverse macroeconomic effects ofritial shock (section 4 goes into detail on
this point). Subsequently, the investment drop @amnthan 100% higher in country 1, and
inflation and output divergences are important imitthe union. As a rule, the national
divergences are large despite the low calibratddesgafor the elasticity of banks’ finance
premium to their respective balance sheet strustliee (heterogeneous) bank capital channel is
then potentially very powerful.

Figure 1.Impulse response functions to a negative finargtiack

Investment Output

%o 5 10 15 20 o 5 10 15 20

EFP for firms x 102 EFP for banks

-0.02r
-0.04r
-0.061
-0.081

-0.11

©01% 5 10 15 20

---- Country 2: Weak bank capital chanr(éllB/ B=02y; = 0.00ZI)

—— Country 1: High bank capital chanr(NB/ B=015¢y; = 0.002)
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This theoretical simulation matches the recentlpeobed pattern of financial and
macroeconomic variables in the EA. According to &ad-Semenescu & Levieuge (2010), Italy
is typically ought to be more sensitfé¢o the BCC than France (i.e. Italy would be thertoy 1
and France the country 2). Precisely, the figuneagpendix 2, in line with the figure 1, show
that French and Italian lending rates to firms hggmeead away starting autumn 2007. Moreover,
while output and investment have similarly evolwedboth countries before the year 2007, they
have clearly diverged since. In the light of thedtetical simulations, the financial asymmetries
(and more precisely the differences in bank cagit@nnel strength) can explain the diverging
cyclical evolution of European countries in the wa¥ the financial crisis.

The next subsection demonstrates that the moreolgeteeous the union is, the larger the
effect of financial asymmetries on the transmissibshocks.

3.2 Sengitivity of the economiesto the degree of financial heter ogeneity

Two sources of financial asymmetries are succeysarealyzed, following a negative financial
shock. Firstly, the figure Rlustrates the sensitivity of the economies tded#nces in terms of
national banking systems leverage. While the elagticoefficient for the banks’ external
finance (z//;) is fixed to 0.002 for the two countries, the natibbanking systems leverage take

the value 0.1 for country 1, and varies within ithterval[ 0.10.2] for country 2.

Figure 2. Impact of the banking system leverage asymmattigeomodel dynamics
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% What is confirmed by Gambacorta & Mistrulli (2004)
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Secondly, the figure 3 illustrates the increasingeidjences implied by growing
differences in terms of elasticity of the finanaerium for banks to their financial structure. It

is now assumed that th%IBE ratios are identical and equal to 0.15 in the twantries, while

@3 is fixed to 0.001 for country 2, and varies withire interval [0.00],0.00E} for country 1.
Differentials are represented in absolute valueceDagain, a higher heterogeneity in the
sensitivity of the national banks’ premiums to thHslance sheet structure is associated to more
asymmetric transmission of the financial shockdasihe union, and to higher macroeconomic
divergences among member countries.

Figure 3. Impact of the sensitivity coefficients heterogsneit the model dynamics
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4. The costs of a heter ogeneous monetary union

As briefly evoked previously, it can be demonsuldteat the conduct of a single monetary policy
for the (financially asymmetric) union as a wholersens the cyclical divergences. When
considering a symmetric monetary shock in the lr@esehodel, preliminary simulations indicate
that the reaction of the output of the countrytto(sger affected by the bank capital channel) is
instantly 60% higher than in country 2. In contraSeach country were supposed to conduct
autonomously its monetary policy, the output resgom the country 1 would be only 20%
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higher than in country 2 In other words, a common monetary policy in amas\etric union
implies astabilization bias

Figure 4illustrates the rationale for this stabilizatioradiin a context of negative and
symmetric financial shock. As a common monetarycyaeeks to stabilize the average inflation
of the whole area, the interest rate cut is morpomant in the union than what a national
monetary policy would imply for country 2 (which s/ definition less sensitive to shocks).
Subsequently, this economy benefits from lower ne@rest rates, which mitigates its decrease
in investment and output, and immunizes it to skoek a whole. On the contrary, for
symmetrical reasons, the participation to the asgtrimmonetary union implies more adverse
reactions to shocks (compared to a national conaustonetary policy) for the country with a
stronger bank capital channel. Thus, a single naopepolicy that only reacts to average
variables of an asymmetric union worsens the cgtctiovergences among member countries.

Figure 4. Macroeconomic divergences with common vs natior@aletary policies
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** The model then provides results that are quantéhtin accordance with Sunirand (2003) and Levee(2009a)
for a single country.
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5 Conclusion

The aim of this paper was to offer a general them@eframework suited to analyze the effects
of the financial heterogeneity inside a monetaryomnpaying attention to the bank capital
channel (which has generated great interest fagratyears), and to financial shocks (which are
now recurrent). This has led us to build a two-¢couDSGE model, calibrated in reference to
previous studies for the euro area. This model ggee conventional dynamics, but with deeper
amplification of shocks, because of the effectshef financial accelerator and the bank capital
channel. Simulations indicate that structural aretigely financial asymmetries lead to striking
cyclical divergences among members of the Uniotis iEhtrue in case of financial shocks, what
illustrates the diverging individual responses afrdpean countries following the subprime
mortgage crisis. To this respect, it is shown thatmore financially heterogeneous the Union is,
the larger the cyclical divergences. Moreover, ¢haduct of a single monetary policy for the
Union as a whole seriously worsens these natiduatgences.

These results call for an analysis of the macroacon policies that could mitigate the
effects of financial heterogeneity. The on-goingeesions of this model allow us to investigate
whether the monetary policy should rely on thearadl dispersion of inflation, and how national
budgetary policies should be combined.
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Appendix 1. The main structure of the model for each member country

Appendix 2. The case of France and Italy during the subprime mortgage crisis (Source: IMF)
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Appendix 3. Calibration of the DSGE modd

Description Parameter Country1l  Country 2
Intertemporal elasticity of substitution g, 0.75 0.75
Elasticity of labour disutility g, 0.32 0.32
Subijective discount factor B 0.99 0.99
Part of retailers with unchanged prices on theqgkeri ¢ 0.75 0.75
Capital contribution to GDP a 0.35 0.35
Part of entrepreneurial labour in total labour 1-Q 0.01 0.01
Part of households labour in total labour Q 0.99 0.99
Depreciation rate for capital o) 0.03 0.03
Internal capital adjustment costs parameter ¢ 10 10
Part of inside capital transferts to survival banks tB 0.001 0.001
Banks external finance premium elasticity 5 0.002 0.001
Firms external finance premium elasticity . 0.025 0.025
Part of foreign goods in national consumption 1-y 0.2 0.2
Smoothing coefficient in the monetary policy rule B,
Monetary coefficient for inflation stabilization B

Steady State: Exogenous fixed values
Real marginal cost P 1/1.1 1/1.1
Banks inside capital/ loans ratio NB/B 0.15 0.2
Firms net wealth/ capital ratio NF /K 0.4 0.4
Public expenditures/GDP ratio G/PIB 0.16 0.16
Firms probability of default F(a_)F ) 0.03 0.03
Banks probability of default F (a_)B) 0.07 0.07
Average external finance premium for firn K —rf 0.02 0.02
(in annual basis)
Steady State: Calculated values

Auditing cost for banks u® 0.018 0.077
Auditing cost for households ut 0.807 0.545
Variance for thex distribution o 0.2531 0.2531
« threshold value for banks w° 0.52 0.52
a threshold value for firms of 0.6016 0.6016
Banks probability to leave the market 1-y® 0.01 0.01
Firms probability to leave the market 1-yF 0.017 0.017
Capital/GDP ratio KIY 7.0549 7.0549
Investment/ GDP ratio WA 0.2116 0.2116
Banks consumption expenses/GDP CB/Y 0.006 0.008
Firms consumption expenses/GDP CF/Y 0.048 0.048
Households consumption expenses/GDP ClY 0.5735 0.5501
Total consumption expenses/GDP (C+CF+CI3/Y 0.628 0.628
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