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1 Introduction

Although the euro crisis had an unprecedented impact ontgesrin the euro area, the mechanism
of propagation of sovereign risk to the financial sector dredreal sector, in a general equilibrium
framework, is fairly unexplored. Because European banks e biggest holders of sovereign bonds
in Europe, these banks were also the main conveyor of riskthier sectors of the economy and to
other countries. For this reason, we add to the usual new-Keynesian frameadrniterogeneous
banking sector with risky government bonds. The goal is to @it the effects of sovereign default
risk on the banking system and to analyze the role of banksogsesector propagation of shocks.

The literature on dynamic stochastic general equilibri8GE) models with lending/borrowing
relationships is relatively well-developed. Initial pagpéntroduce frictions on the borrowing side of
the economy, as iBernanke and Gertld1989, Carlstrom and Fuergl997), Kiyotaki and Moore
(1997, Bernanke et al(1999, lacoviello (2005, Christiano et al(2010 and Gertler and Karadi
(2017). These papers examine the role of net worth and collaterakplain propagation and ampli-
fication of shocks. But lenders in these models are comypetithd they accommodate the demand
side of credit. More recently, some papers suclasvalque et al(2010 andGerali et al.(2010
look at the lending side by developing a heterogeneoushiatdr market, suggesting that banks with
low levels of capital or liquidity offer fewer loans when netary conditions are tight or GDP growth
is low. The results are important and empirically confirmediinenez et al(2012).

At one end, it is worth noting these models do not include a&gawent sector with the possibility
of default. On the other end, some recent papers suchuasrieri et al. (2012 andCorsetti et al.
(2013 have included sovereign debt probability of default (m=d or not) into a new-Keynesian
model, but have a simplified representation of the finan@atas. The first paper shows that the
international spillover of sovereign debt default may tzeable. Meanwhile, the second paper shows
that private sector beliefs of a weakening economy may becseif-fulfilling when the monetary
policy is constrained by the zero lower bound and cannott reaan increasing risk of sovereign
default anymore.

Our paper combines the possibility of sovereign defaulbivit framework that includes bank-
ing sector with frictions both on the borrowing and the lendisides. Many empirical research
efforts, especially after the euro crisis, underline thidasgr mechanism between sovereigns and
banks. The results iBruyckere et al(2012 show that, given the home bias in the bond market, the
sovereign/banks spillover effect is more important at tagomal level. Moreover, they find that the
spillover effect depends on the capital adequacy ratiter and Beye(2013 build a contagion index
and show important spillover effects from banks to sovargignd vice-versa in periods of stress.
These papers among many others illustrate the importanicelatling a well-defined and complex

1Among the resident holders of the euro area government detfiio, 80 percent were financial institutions, 4 percent
was the European System of Central Banks and 16 percent WereresidentsHartwig Lojsch et al(2011)).



banking sector in the model if we would like to better undamst the channels of transmission be-
tween sovereign risks and banks. In this regard| Ariccia et al. (2018 explain the various channels
that give rise to a "sovereign-bank nexus".

For this purpose, we develop an interbank market with threed of banks: deposit, lending, and
wholesale. Deposit banks are monopolistic and set the ddpterest rates with some adjustment
costs. Lending banks are competitive and lend to entrepren®holesale banks are at the center of
the interbank market: they receive funds from deposit bamksprovide liquidity to lending banks.
Moreover, wholesale banks buy risky sovereign bonds andabgect to the minimum capital re-
guirement rule. A Taylor rule governs the monetary policythis setting, the spread between interest
rates on assets and liabilities of the wholesale bank isisiyi&inction of the riskiness of assets and
the bank leverage ratio position. On the real side of the @ogn households consume, work, and
transfer their saving to deposit banks. The productionocsentiudes wholesale producers, capital
producers and retailer whose prices are sticky a la Calvaallljithere are entrepreneurs who offer
entrepreneurial labor force and they buy capital from edgitoducers by combining their own net
worth with borrowing from lending banks. Entrepreneurd this capital to wholesale producers and
they resell the depreciated capital to the capital prodinctire next period and buy new capital.

Entrepreneurs face heterogeneous productivity shockgsh&se who receive a productivity shock
lower than a certain threshold, the debt repayment is nctilples which leads to default. In this case
they lose everything and the lending banks get the rest &xcemnitoring cost. At the equilibrium
the external finance premium of entrepreneurs is a functicimedr net worth.

We assume that risk weights on bank assets are time-vanjthgive ex-ante default probability
for each class of assets. This is consistent with the stdimar approach of the Basel Committee on
Banking Supervision and Internal Rating-Based approagthich risk-weights applied to banks and
corporate exposures are time-varying. Therefore, deggitig conditions in the market would lead to
lower external or internal ratings associated to risk-lidd assets. On the other hand, it has become
clear after the European debt crisis, that government bamals be risky. Therefore, even in the
Eurozone where a zero-weight is assigned to all EU goverhbands, the debate has been opened
as to whether these bonds should be subject to regulatoitalcamuirements in the future. On the
whole, northern European countries argue that banks sialddsome capital against sovereign debt
holdings and southern European and emerging Asian cosimipigose such a regulation

In this setting, the spreads between wholesale banks sttextes for interbank loans, sovereign
bonds and the policy interest rate are functions of banktalmtio such that higher bank leverage
ratios imply higher spreads. On the other hand, undera&gst banks face a regulatory cost.

LAlthough in December 2017 after two years of heated debtite®asel committee published a discussion papes!
Committee Report on Banking Supervisi(#017) on the regulatory treatment of banks’ sovereign debtinglkland con-
cluded to maintain the status quo, acknowledging the laagtooensus among regulators, economists and practitioners
making any changes to the treatment of sovereign expoduesertheless, the debate is ongoing and with the boominligpub
debt in many advance economies, one has more reasons twelibbe¢ these regulatory changes would happen sooner or late



Sovereign default and interbank lending risks induce singffects in the model, because these
shocks directly affect wholesale banks’ balance sheetg difference, however, lies in the banks’
portfolio adjustment and the propagation of shocks. In theeof a sovereign default risk shock,
banks shift their portfolios toward the interbank lendindy.similar but reverse mechanism occurs
when a shock hits the interbank market.

If risk-weights associated to governmental bonds are mwo;zholding sovereign assets with
increasing default probability makes banks under-capédland increases their leverage ratios. Con-
sequently, in order to avoid the capital cost, banks shoaldverage by offering less credit in the
interbank market. At the same time, while the demand for idge bonds decreases, the risk pre-
mium on bonds goes up, putting further pressure on sovedsgh Entrepreneurs net worth also
decreases mainly because they cannot obtain as much g ddifae leading to a downward path for
investment and consequently output.

In this model, although the bank capital adequacy condh@sman attenuating effect on the busi-
ness cycle when a shock hits the real economy, it is reinfgrttie effects of direct losses on banks’
balance sheet. This is because banks must adjust theiplpmstfo respect the binding regulatory
standards as soon as they can or otherwise, they have to . a this case, banks have to cut
down credit to the economy and the bond purchase. In additientime varying risk weight causes
the capital adequacy ratio to bind sooner with increasirgudieprobability. Moreover, deposit banks
also attenuate the pass-through of monetary policy depgruadi their market power and interest rate
adjustment costs. The model is flexible enough to analyzénpact of various shocks that origi-
nate from sovereignh bond markets and financial intermexticais well as to study monetary policy
transmission in the presence of an interbank market.

Obviously, interactions between sovereign and banks areregly complex, and our general
equilibrium model does not certainly take all the channets account. For instance, as explained
in Brunnermeier and Peders009, a downward liquidity spiral can emerge because of the atark
liquidity conditions. Under these conditions, banks thratleolding a significant amount of sovereign
bond will not be able to sell them, which results in a furthesgdin the price of these assets. The
fall in bonds prices puts banks and other financial interaméet into more liquidity pressure. Also,
a decrease in the price of bonds will decrease the amoungdéhie collateral that banks can use to
secure their wholesale funding. Banks use sovereign badslkteral in the repo market, covered
bond issuance, in relation with central banks, and to back @drivative transactions among others.
Higher sovereign risk not only decreases the value of @bt but also can increase the haircut
applied to sovereign securitie&liyotaki and Moore(1997) andKaminsky et al.(2003 are among
the most well-known papers that explained this channel.

Sovereign downgrades also translate into lower creditgatfor domestic banks and other finan-
cial intermediariesCandelon et al(2011) analyzed European data between 2007 and 2010 and they
found that a sovereign downgrade has spillover effectssaaountries and financial markets. In addi-



tion, the financial system becomes deprived from implicit explicit government guarantees.own
and Dinc(2012) used the data for emerging economies in the 1990s and tlogyeshthat a govern-
ment’s support for distressed banks is affected by soversgal conditions and ratings. Another
channel of spillover passes through the increase in inkgsigk aversion which in turn increases the
risk premium on bank liabilities or reduces funding avaligb There are other channels in work such
as CDS repayment in a default event, risk of counterpartyriapr low profitability because of fiscal
consolidation. However, these channels are less relewamirtdiscussion. In turn, a weak banking
system can affect sovereigns, mainly through the need failauh and also by reducing economic
growth through amplifying shocks rather than absorbingth8ince the global crisis, it became more
obvious that, the financial sector is not an indicator of ecoic downturn but an element that can
suppress economic conditions even more or a sector wheckshway originate from.

In the next section, we go over the details of the model. Catiitn, steady state values and
functional form are discussed in sectiwhere we also discuss the results. Finally we offer some
concluding remarks.

2 Model

In this section, we develop a general equilibrium model wittmancial accelerator mechanism a la
Bernanke et al(1999), including an interbank market with three types of bankse model is flexible
enough to include many shocks including those from sovesdig the banking system and vice-versa.

The economy consists of a real sector, a financial sectomtaatdank and a government. The
real sector includes households, entrepreneurs and tdegiion sector (wholesale producers, cap-
ital producers and retailers) similar Bernanke et al(1999 and Cohen-Cole and Martinez-Garcia
(2017). The representative household consumes the final goodgaletailers and supplies labor to
wholesale producers. The household also deposits hergsavirdeposit branks and is the ultimate
beneficiary of both financial and non-financial firms. Wholegmoducers choose capital and labor in
competitive markets. Retailers buy goods from final goodslpcers and mark up prices via monop-
olistic competition with nominal price rigidities a lahristiano et al(2009, Fernandez-Villaverde
and Rubio-Ramiref2009 and Smets and Wouter2007). Entrepreneurs use their net worth and
borrow from lending banks to buy new capital from capitad¢hrcers and then lend it to wholesale
producers. They also supply an entrepreneurial labor flargéholesale producers.

The financial sector includes deposit banks, lending bankisvéholesale fund banks forming
an interbank market. Deposit banks offer a one-period fimhmstrument to households, namely
deposits. Lending banks also provide one-period loan aot#to entrepreneurs. The loan contract
is subjected to a monitoring cost which incorporates anreatdinance premium and depends on the
net worth of entrepreneurs. This is the financial accelerafbhe deposit contract is also subject to
a financial frictiona la Gerali et al.(2010 due to a quadratic adjustment cost of deposit rates given



the monopolistic power of deposit banks. Wholesale bantaive funds from deposit banks and the
central bank, as a form of quantitative easing, and isswhiank loans to lending banks and buy
government bonds. Wholesale banks are subject to a cagéglacy ratio (CAR) condition, which
affects interest rates in the economy. In addition to foltmpan inflation targeting policy by using the
Taylor rule, the central bank conducts a quantitative eggingram when necessary. The government
issues one-period bonds which, for the sake of simplicityomly accessible to wholesale banks. The
following subsections describe the model in detail.

2.1 Real Economy
2.1.1 Households

Households maximize their life-time utility function wiiés driven from consumption and leisure:

max [E; {i B tu(Cy, NS)} 1)

Cs,Ns,Ds
s=t
with the single period utility function as:

C 1—0’ N1+¢

where(; is consumption anaV; is hours worked.c and ¢ are parameters denoting household risk
aversion and the inverse of the Frisch elasticity of labqpsurespectively. The disutility for work
is weighted byn. In each period, the household consumg&sdepositD in banks and pay taxes.
Household budget constraint is

RP D,
Ct—|—Dt—|—Tt<%ﬁl—i—WtNt—i—Hf—i-Hg(—i-(l—aw)HtB )
t
117, 1K and (1 — oy )IIZ are profits from good retailers, capital producers and divitireceived
from the banking sector respectively. Households supgipridy to the wholesale producer and
receive wages$V and the previous period deposits ret®f. =, = P;/P;_1 is the inflation rate.
Maximising (1) subject to ) yields the following first order conditions:

Cr7=N\ )
77Nt¢ =MW 4)
A
N = BE; [t—“] RP (5)
Ti+1



2.1.2 Wholesale Producers

The wholesale producers use entrepreneurial worKgr, household labor forcey; and capitalk;
to produceY;V of consumption goods using a Cobb-Douglas production toly:

YW = e i TN (NE Y

where technologyg;, follows an AR(1) process. Followingernanke et al(1999, we assume that
the entrepreneurial share of labor is very small. Later, wppese that entrepreneurs’ labor supply is
inelastic and we normalize it to one. Wholesale producersaapital from entrepreneurs at real rate
" and they pay real salarié®; andW” to households and entrepreneurial labor forces. Wholesale
producers seek to maximize:

mV =pVyW — VK, — W,N, - WENF

where P}V is the real marginal cost and every term is written in reahterWholesale producers are
perfectly competitive and make zero profit. The first orderditions are:

RY = (1 a0 ©®)
Wy = a# (7)
Wi = PtZVV?W 8)
t
and therefore the marginal cost is:
pw _ W (WE)P (RY )mor ©)

exp(ar) a%pr (1—a—p)' =77

2.1.3 Capital producers

The capital producing sector is a continuum of competitigersss. They use intermediate goods as
investmentX,; and buyback depreciated capital— 0) K; from entrepreneurs to produce new capital
goodsK,, 1. The capital accumulation dynamic is:

X
K :(1—5)Kt+¢< L )Xt
Xi 1

* (% >=1_z7(x)53‘1>2
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where®(.) is the non-linear investment adjustment cost functiorofeihg Christiano et al(2010).
Parametely measure the concavity of the technological constrains.cBpéal producers maximize:

II;{&SX Eq szz:t Ms,t {QSKS-‘,-I - (1 - 5)Q8KS - Xs}

subject to the dynamic of capital whefd, ; is the stochastic discount factor (SDF) afd is the
price of capital for entrepreneurs or the Tobin’s Q, whictedmines the relative cost of investment in
units of consumption. In the production function of cappabducers, we assumed that depreciated
capital and new capital have the same prigeup to a first order estimation. Since households hold
the capital producer firms, the SDF is computed as:

1 s=t
ﬁ 1 = (20)

At st | a5 s>t
i

Ms,t = Bs_t

wherer,, = P;/P, and ), is the Lagrange multiplier in the household maximizatioagsam or its
marginal utility of consumption. The first order conditicor Capital producer is therefore:

2
Q¢ %‘DQ (z¢) + @ (l”t)} =1+ R—ltDEt [Qt—i—lq)/ (T441) <X;{:1> ] (11)
where ) )
(o) x| () o)

with z; = X;/X,;_1. Equation (1) is the usual Tobin’s Q equation which relates the price pftah
to investment. It is also the equation for the supply of apiThe demand side for capital demand
comes from the entrepreneurs maximization program.

The realized profit in each period is

I = Qi1 — (1 - 0)Qu K — X, (12)

In the steady-state the profit is zero, whereas during timsitran process around the steady state, the
adjustment cost cannot be set to its optimal level and therefapital producers can realize a loss or
profit. This is because at tinte X; is pre-determined.

2.1.4 Retailers

In order to introduce sticky prices, we assume a continuuretaflers indexed by. The retailer buy
Y,V from wholesale producers and sell differentiated goodstesaholds. The corresponding price



index in the monopolistic competition framework is:

1

1 1-0
P, = / Pt(z)(l_e)dz] (13)
0
The representative retail firm maximizes:
1
maXYt—/ Pi(2)Y(2)dz (14)
Yi(2) 0
subject to:
1 6—1 %
Yi— | [ w7 (15)
0

This gives the usual CES demand function:

Retailers mark-up prices via monopolistic competition byng nominal rigidities as icalvo(1983.
Thus retailers can change their prices with a probability ef«,, each period and the price remains
constant with probabilityy,. Retailers who changed their prices at timehoose the pricé"(z) in
order to maximize

o
axE, > Moy {(Pt*(z) - PsW> Ys*t(z)}
s=t

m
Py (z)
subject to
. Pr(2)\ 7!
v = (52 v,

where P} (z) is the optimal price chosen at timeandY',(z) is the relative demand for varietyat
time s given that its price is fixed a&;*(z). The first order condition is:

By Mo {a) (P ) - 5P ) | =0 (16)

s=t

The good market clearing condition requires:

/ Yi(2)dz = v (17)
0



The aggregate nominal profit is:

mft = /0 1 (P(z) = PY) Ya(z)az (18)

which implies that:
I =y, - Py

2.1.5 Entrepreneurs

Entrepreneurs use their net worth and loans to buy new tsipita
QiK1 =L + NWy

where(); is the real price of purchasing new capital,is the loan borrowed from the retail lending
banks andVWW; is entrepreneurs’ net worth. Entrepreneurs return is stitjeaggregate and idiosyn-
cratic risk. The ex-post return sk} in whichw is an idiosyncratic risk an& is the real aggregate
return on capital. Entrepreneurs earn managerial wageditian to the rent of capital and the value
of depreciated capital. Assumg’ K; as the capital rent to the whole sale producers(ands)Q; K;
as the real resale value of the depreciated capital to theatpmducers. The aggregate ex-post return
on capital is therefore:
r 4 (1=0)Qs

Qi1
If entrepreneurs receive a shock smaller than the cut-offlsi;, 1, then they default. In the case of
default, lending banks pay a monitoring cost and seize thgsgrapital return minus the auditing cost
that is paid by entrepreneurs, i@ — p)wRFQ;_1 K;, wherey is the coefficient for the monitoring
cost.w,1 is defined as:

RP =

W1 RE QiK1 = RELy (19)

whereR} is real the interest rate on the loan obtained from lendimk&aObviously, fow > @ 1,
entrepreneurs pak/ L, to lending banks and keep the differene&t’, ; Q: K;+1 — Rf L;. Therefore,
their expected profit next period is:

V; = EIIE,, = E, /_ wRE Q1K 11dF(w) — (1 — F(@y41))RE Ly

Wi41

By replacingR} L; from equation {9), profit can be simplified as follow:

Wi+41 Wi+41

Vi = Eq [(/OO wdF(w) — w11 /OO dF(w)) Rg_thKt-i-l] (20)
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2.2 Banking Sector:
2.2.1 Lending banks

The lending banks obtain a wholesale lagnat R/. The banks are in perfect competition and the
zero profit condition implies that what they pay to wholedadeks should be equal to their earning
from lending to entrepreneurs:

oo Wi41
RELidF (w) + (1 — p) / WRE QK 11dF (w) = R{ L (21)
Wi 0
Let's define:
oo Wit1
Ty (@s1) = T / dF (W) + / wdF(w) (22)
Wil 0
Wi41
Gt(wH_l) = / WdF(W) (23)
0

then the profit of lending banks can be rewritten as:

E

Rt—i—l
=0, —1 24

[L'(@t41) — pG(@e41)] 0t

whereo, = QK11 /NW, is the entrepreneurs’ leverage ratio. Entrepreneurs eh@oandw,
(or equivalentlyRr) in order to maximize their profit , equatio(), subject to the zero net profit of
lending banks, equatior24). As a result:

E
Rt—i—l

L= A@i1) with A'() >0 (25)
R;

The detail of calculation can be found in the appendix. Aswshim Bernanke et al(1999, A(@¢t1)
guarantee a one-to-one mapping between the optimal ¢ofoffand the premium on external fund.
Combining equation2b) with banks’ zero net profit condition2(), gives a relationship between
entrepreneur’s leverage leve}, and external fund premiunRErl/R{. This relationship guarantees
an interior solution fots,; and thus it can be summarized as follow:

E

R
QiK1 =V ( ;1) NW, (26)
t

where¥ (1) = 1 and¥’(.) > 0. This relationship indicates entrepreneurs demand forazgital.
Let V; be entrepreneurial accumulated wealth from operating fifthe dynamic of the net worth
of entrepreneurs is:
NW; =V, + WF (27)

11



whereyV; is the equity (their profit) held by entrepreneurs at1 andCF = (1 — v)V; is consumed
by them. The equity is:

Wi
Vi = REQ,_1 K, — (1 - df_l) Rl Lt —p /0 WREQ,_1 K dF (w) (28)

whered! is the exogenous ex-ante default probability of lendingksarCombining this with equa-
tions @) and @7) gives:

NW; =~ (RtEQt_th - (1 - dtL_1> Rl |\ Lii— u/ waQt_thdF(w)> +WE
0
This can be reorganized to better see the external finano@pre

NW; =~ {Rth—th

p[2f wREQ_ K dF (w)
- ((1 - dtL—l) R{ |+ Jo :

Qi1 Ky — NW_y ) (Qe-1 K — NWt—l)} + WtE (29)

where B
1y wREQ1 KydF (w)
Q1K — NW,
is the external finance premium. We also assume that lendingsbrestrict the leverage ratio of
entrepreneurs to a fractianof their capital holding:

Lt = plLt_l + (1 - pl)eKt (30)

2.2.2 Deposit banks:

We chose competitive lending banks because we wanted toarerapusual financial accelerator with
our model, which includes an interbank market. Howeverpdipanks are monopolistic and in line
with Gerali et al (2010 andDib (2010 they are price setters. Therefore, depositors ask for dlbun

of deposit products, such that:
RP\*
Dj.= —2 | Dy (31)
’ (RP>

whereth is the offered interest rate by each bgniBy setting the interest rates, deposit banks face
a quadratic adjustment costla Rotemberg These banks then transfer the collected deposits to the

12



wholesale bank at the rafe/®. They maximize:

2
s—t IB D kD 7,8
rgjngt ; M Ry " Djs — Ry Djs — > (R]'Ds—l - 1) D, (32)
Symmetric equilibrium implieR?, = RP for all j € (0,1) and thus the first order condition
simplifies to:
l+¢p 5 kp [ RP RP  Mep (R, R

RP=R[P -T2t 1) 2t o 1) = (33)

€ e \ R, R, € Ry Ry

This is the optimal condition for deposit interest rate whig a mark-down with respect to the inter-
bank rate. The interest rate spread is simply the markupdsstwank costs and what banks charge
for their interbank lending. The spread is time varying anihéreases in the net marginal cost of
adjustment across time. This is another financial frictiothie model which facilitates consumption
smoothing by damping big surprises in deposit rates.

2.2.3 Wholesale Banks

Contrary to deposit banks, wholesale banks are quantigrdak competitive wholesale financial
markets (se&ousseagl989) and therefore they are competitive. These banks useltark capital,
KWB | receive funds from deposit banks, and they also use theatédaink liquidity facilities. All
sources of funds are perfect substitutes. The wholesakshary government bonds, pay interest on
bank funds received from deposit banks, and give loans ttilgrbanks. Wholesale banks assets are
government bonds and loans to lending banks. The regulatdhprity imposes a capital requirement
on them such that wholesale banks have to maintain a capitsset ratio\;;*. Banks should
maintain an extra capitah; such that:

KB = 8, + \w(0°B; + 6LLy) (34)

Following Kollmann et al.(2011), we assume that wholesale banks pay a €qs;) if the capital-
to-asset level is less thaqy, i.e, S; < 0 with Q(S;) > 0 for S; < 0 and§2(0) = 0, whereQ is a
convex function. According to this assumption, bank camilays an important role in determining
the availability of credit to lending bankg,;, and government bondg3;. It also impacts the price
of credit. Therefore, wholesale banks play the main roledndferring shocks from financial sectors
to the real sector and vice versa. In a deteriorating maora@uics environment, banks’ profits and

LIn reality, the capital requirement condition is imposedhatilype of banks and not only on wholesale banks. Neverthe-
less, the model abstracts of the capital requirement dondibn deposit and lending banks by assuming that they daetn
branches of the wholesale banks (see equa8g)) (

13



capital get hit and they may respond by reducing the amouavaifable credit to the private sector
which in turn might amplify shocks in the real economy anditeto a further contraction.

In equation 84), 6 and ! are the risk weighted asset coefficients. Under the staizeardp-
proach of the Basel Committee on Banking Supervision, sigerexposures are risk-weighted ac-
cording to their external ratings on an increasing scalewd¥er, In most regulatory frameworks,
sovereign exposures are treated more favorably compam@tid¢o asset classes. In many cases, risk-
weights assigned to domestic sovereign bond holding in ddmeurrency is zero. Also under the
internal-ratings-based (IRB) approach, banks can usedh& models to estimate default probabili-
ties and loss-given-default, using a granular rating stwabssess the credit of individual sovereigns.
In our model, we assume that these weights are risk-semsiteaning that if assets are downgraded,
i.e. default probabilities increase, the associated weiglso increase:

8t (1 + dBym (35)
l

SH(L 4 df)m (36)

o/
0}

where we denote by andd?, the external default probabilities in+ 1 for lending banks and
government bonds. Thus, wholesale banks’ balance sheitydillows:

Di+ KVP =B + L (37)
We assume that bank capital is accumulated as follows:

K =(1-p"KY, + 717 (38)
P =1y +1m'>s (39)

in which TI¥_; andII}V# are profits of deposit banks and wholesale barks: o'V can be inter-
preted as wholesale bank dividend policy afd stands for banks’ operational and managerial costs.
Wholesale banks are hold by households and they chBpaad L; to maximize the discounted sum
of cash flows subject to regulatory constrain and balancet sthentity:

[e.e]

max E; Z [Ms tHgVB]
Bt,L¢,D¢, St p ’

subject to constraint3Q), (34) and @37). The cash flow in each period is:

(1-dP)RP.\Biy ,  RID.,
Tt ! Tt

B = (1 - df) R Ly i —Li+ + Dy — Q(Sy)
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Replacing the balance sheet identity, equati®#,(the cash flow simplifies to:

— dtB) RilBt—l _ RtI—BlDt—l _KWB _
t

1
;"5 = (1 - df) Rl Li 1+ ( - - Q(5:)  (40)
The first order conditions are:
Iy pl R{P | 1oy
M1 4B | (1 —dy) Ry — p— + 0 G | = G — Aw 0 Q(Sy) (41)
+
1_ gB\RB _ RIB
Mﬂu&<( )R~ By >=—mm%w&> (42)
Tt+1

where(; is the associated Lagrange multiplier to the loan condtragjuation 80). To simplify, we
assume that the interbank rate is equal to the central baidy pate, i.e. R/? = R;, so wholesale
banks are indifferent between funds from the central bawkthe interbank market. In the case that
wholesale banks are under-capitalized, bg< 0, they have to pay a cost. The under-capitalization
implies a higher interest rate spreads between rates dpplisovereign debt and loans to lending
banks and the policy rate (becaud€s;) < 0). Because of a convex functional form far.), banks’
higher leverage ratio implies higher spread both on bonetassd loans to lending banks.

2.3 Central bank, government and Market Clearing
2.3.1 Central bank

The central bank follows a Taylor rule such as:

Ry Tt Y;
log = pr log P + py log v + Ef (43)

whereR, m andY are the steady state values for the policy rate, inflationthadutput respectively.

2.3.2 Government:

The government buys a fracti@r of final good, for public consumption and it finances this agien
by collecting taxes and issuing public bonds.

N RP(1-00)Bi 1

Tt

Gy =B+ T (44)

We assume that government t&%,follows an AR(1) process:

T, =1 —p")rY+p' Tiy (45)
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wherer is the tax rate. Followinuerrieri et al(2012), we assume that government ability in issuing
bonds is limited and it is tied to the government debt repayrhistory. Thus we assume a debt limit
such as:

B =((1-df)Bia)" B (46)

where B is the debt steady state level. We choose this parameter peréént of GDP, which is
the maximum level of debt fixed by many fiscal rules in différeauntries (also in the Maastricht
treaty). p, is a parameter which controls the government debt issuasgendlence to its previous
debt funding.

2.3.3 Market clearing for goods

Final good (sold by retailers) should be equal to the suml@balsumption goods plus all adjustment
costs.

V;=Ci+CF+ G+ Xy

+ u/ wdF(w)Ry Q-1 Ky + — 5— — 1| Dt
0 2 \ RP,

+ Q) + KM - (1= ") K% (47)

3 Results

Using the quarterly data, the model's parameters are esdiirfor the euro zone. The discount factor
is set to 0.99 for households which implies an annual depagit of 0.041 percent. The Frisch
elasticity of labor is calibrated as 0.1, implying a highstigity. The elasticity of consumption for
households is set t@5. 7 is calibrated such that in the steady statgs” = 0.6076. Therefore total
consumption -of households and entrepreneurs- to GDP & &mi7298. The fraction of total labor
employment in the production function is 0.7 and the shaentifepreneurial labor is set to 0.01.

The quarterly rate of capital depreciation is 0.025, whiaplies almost a 10 percent annual rate.
The parameter for capital producer adjustment cost is eiguad. Calvo parametet,, is assumed
to be 0.75, which corresponds to one change in price per VWarollow Bernanke et al(1999 in
calibrating the monopolistic power of retailers by settingqual to 6. So the markup is 1.2 at the
steady state. Also at the steady-state, the leverage faittr@preneurs is equal to 2 and the external
finance premium is equal to 114 b.p. quarterly.

The deposit banks’ monopolistic power is set to 50 and tharpater for the interest rate adjust-
ment is calibrated to 2.4 to match the average historit/al The minimum capital to risk-weighted
assets is set to 0.08 according to Basel Il and Il accords. a¥geme that wholesale bank holds
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"A" rated government bonds and the lending banks are ratéd A8cording to risk-weighted asset
schema in Basel Il and I, this implie_%b to be equal to 0.20 ardl is therefore set to 0.50.

We use the average implied default probability one quaréfore the downgrade to calibrate
ib. ltaly had A rated bonds before January 2012 and the averefglt probability was around
6.5 percent. In January its sovereign bonds were downgram@&BB™, with an average default
probability of 8.5 percent. The risk-weight for "A" ratedveoeign bonds is 0.2 and it is equal to 0.5
for BBB*. This gives us the value af’ equal to 46.27 according to Basel Il and Ill. Risk-weight
for "A" rated banks is 50 percent and for BBBs 100 percent. Therefore we use again the average
implied probability of default for banks and we use the difece to calculatg’. The value for this
parameter is equal to 17.5.

Taylor rule parameters, andpy are set to 1.5 and 0.05.ubik (2003 shows thaip,, should be
bigger than 1 for determinacy reasons. The autocorreldtiogovernment spending process is 0.8,
following Dib (2010).

Other parameters are calibrated to match the steady statsva the data. Investment to output
is equal to 0.0524 and public spending to GDP is 0.1728. Talaled2 summarize the calibrated
parameters and steady state values of variables.

3.1 Monetary shock

First, we analyze the transmission of monetary shock in tom@my. We compare our results with
the well-documented results in other papers suchlasstiano et al(2010 andSmets and Wouters
(2003. Once, the benchmark model reproduced the same resulisisahock, we could look into
the focus of this paper which is the cross-section spilld®etween sovereign and the banking system.

Three models are compared to the full model in the supply sfdbe economy; First, we an-
alyze the impact of capital requirement by varying the coefit of the cost functiorf2(S;) =
ag (exp(—kgSt) —1). Second, we are interested in comparing Basel | with Basehdl Il by
eliminating the risk weighted asset framework from the nhoded third, we assume no Rotemberg
cost for the deposit interest rate adjustment. We compasetthree models with the full model.
All charts except those for the interest rates report péacendeviations from the steady state. The
interest rate graphs are shown as absolute deviation freaadgistate in percentage points.

Figures3 and4 depict the response to an unanticipated 25 basis poinhgddlithe policy interest
rate on an annual basis. As expected output and consumpitogase as well as investment and
capital stock increase. Higher capital demands imply adrigliemand for loans. Entrepreneurs’ net
worth rises as loan rates decline and their default ratarges;l which leads to a reduced external
premium. This is how the financial accelerator operatesingbonomy.

Figure 3 compares the complete model and the model without the Ragrdadjustment cost
depicted in bold black graphs and dashed blue lines. Duectadiustment cost, the deposit rate in
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the full model does not follow the policy interest rate. Asault, deposit increases at the expense of
households’ consumption which increases only moderatthérfull model. On the contrary, in the
model without Rotemberg cost, the deposit rate follows thleyp rate by a mark-down. In this case,
a decrease in the deposit rate, initially lowers the depaditme, but this effect is later offset by an
increase in the household income, leading to accumulafidie@osit.

With more valueables loan assets on the balance sheet, sal®leanks’ leverage ratios momen-
tarily fall, i.e. banks become initially over-capitalizeblowever, as the demand for loans builds up,
leverage ratios rises again. In the absence of the Rotengbsetgthe financial accelerator reinforces
the shock more aggressively, meaning that investment atpaitorise faster. In this sense, financial
variables show higher sensitivities to the Rotemberg dost.nutshell, with abstracting from deposit
rate adjustment cost, banks choose holding higher capitald, because deposits drop more. This
forces banks to inquire more capital to not only compensatéhe new demand for loans, but also
to make up for the decline in deposit funding. Finally, astibad supply dynamic is supposed to be
exogenous, the interest rate on bonl$, closely follows the policy interest rate.

In figure 4, we compare the full model again with a model in which undsgialization cost for
wholesale banks is removed. Banks’ capital holding reguamts, in general, show little impact in the
case of a monetary expansion policy. Wholesale banks witbrimpital positions lower interest rates
spread (between interest rates on bonds and loans and pukecgst rates) and this causes a better
transmission of the monetary policy. When a negative moypetfiaock hits the economy, wholesale
banks realize a small profit due to holding of some extra ahpMloreover, the external premium is
lower in the case of non-zero capital cost, initially, besmawholesale banks’ excess-capital holding
makes interest rates on loans cheaper - according to thé@ul). Other than that, the impact of
bank capital cost is negligible on other variables. The rwfie Basel | and for Basel Il & 11l have
the same impulse response functions, because the riskt&aighnot changing following a monetary
shock.

3.2 Sovereign risk shock

The main purpose of the exercise is to examine the bank-aigyenexus and channels through which
sovereign risks transmitt to banks and the real economyurAsgy the default risk on governmental
bonds as an exogenous shock, figuréisrough7 analyse the response of macro-fiancial variables to
a 2 percent increase in the sovereign default risk. For thipgse, we feed into the model a series
of unexpected shocks which lasts around 2 years in the econbiowever, the impact on the real
economy lasts for longer periods, due to the sluggish adjgrist mechanisms for investment, deposit,
and bonds in the model.

Because of higher sovereign default risk, the interest satbonds shoots up and the demand
for bonds falls down to close to 3.5 percent of its steadyedtel. The higher default probability
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implies losses on banks’ balance sheets with two simuliaeffects. First, their funding cost rises
as banks’ assets value diminishes and their leverage gigsing, compelling them to pay an extra
cost. Second, the weight associated to bonds in the riskhtezigasset framework increases with
the asset rating. Both factors oblige banks to pay an exsafoo managing their capital positions,
further reducing their profitability and deteriorating itheapital positions. Besides, according to
equations41) and @2), interest rate spreads widen, making the impact on thesmaiomy harsher.
The outcome is lower supply for loans and lower demand fodbpleading to asset prices drop and
higher interest rates. This process shows how higher sgverisk through banks’ balance sheets
can be reinforced and transmitted to the economy (althouglui model, the risk of default remains
exogenous and is not affected by the interest rate riselowolg an increase of 2 percent in sovereign
default risk, the GDP can shrink by more than 3 percent andntieeest rate on bonds rises by 5
percent. Because of the fall in asset values, banks leveaigeggrows higher to around 30 percent of
its steady state.

In addition to the drop in wholesale banks’ profits, retailand capital producers also realize a
contraction in their profits which eventually leads to laboop. This leaves households with lower
income levels. The monetary policy reacts with a contractiothe policy rate. The desposit rates
follows and this allows households to smooth their consiondty dissaving.

We evaluate the effect of the financial accelerator in figuidere, the financial accelerator mech-
anism is removed from the model by fixing the external premagual to its steady state. Although
the bank capital and the leverage ratio responses arelinifie same in both models, the model
with the financial accelerator (solid black line) shows leighersistence. The financial accelerator
essentially works on the monetary policy channel and chatigeresponses on various interest rates,
inflation and investment.

The blue dashed line in figui®@ demonstrates the model with no bank capital cost for a higher
default risk shock. In the absence of bank capital costaig—= 0, wholesale banks’ profit remains
higher, banks are better capitalized and the leveragereatiains lower when the risk of default rises.
Equation 42) implies that the spread between the interest rates on bamdisoans and the policy
interest rate to be higher for the full model. HowevRy{; does not increase enough to compensate
the rise inR!. Consequently, the external premiuRy; / R} is lower in the full model.

The capital adequacy condition amplifies the shock arisinthé sovereign bond market. Fol-
lowing the shock, wholesale banks try to reshuffle theirfpbeat to recover their capital position and
leverage ratios by reducingcutting balance sheet chanrglis is the balance sheet channel. On the
other hand, interest rates on bonds and loans go up. This igtérest rate channel. The monetary
authority reacts more in the full model, because the econglomges deeper in a recession. For this

1Another channel is the collateral constraint channel. éndise of a shock to banks’ balance sheet, the central bank can
not provide banks with the same volume of liquidity, becathgse facilities are collateralized by high quality assetich
are usually government bonds. This channel does not exiisiirexercise.
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reason, the monetary policy reaction compensates the hikarket interest rates, to some extent.

Because of the interest rate and the external premium clsaimestment declines. Consumption
initially increases, because households save less duever ldeposit rates. However, with lower
economic activities and recovering deposit, consumptixiiges. Therefore, the output shrinks due
to drop in investment, public spending and private consionph later stages.

We also compared the full model with a model without the Rditerg cost. The two models
demonstrate the same behavior for a default risk shock péxaainly for the deposit rate. Naturally,
the response of this variable is more pronounced when thex@ adjustment cost for the deposit rate.

The impulse response functions show the role of each cormparfiehe model for each shock.
Some elements are more important for one particular shaak tihe other, such as the Rotemberg
adjustment cost for the monetary shock and the capital reap@int costs for the sovereign risk. This
model enables us to further analyze the role of monetary am@ayprudential policies in attenuating
the negative spillovers of a potential sovereign defautkh

4 Conclusion

This paper suggests a heterogeneous banking sector in &Kiywesian framework in order to in-
vestigate the sovereigns-banks nexus. The banking sextioides two retail sectors for loans and
deposits and a wholesale funding sector. Lending banksneh#mans from wholesale banks to the
real economy and the deposit banks channel householdssiiépavholesale banks.

The wholesale banks are subjected to a capital adequaoyaradi we use Basel 1l and Il rules
for risk weighting assets framework. The wholesale banksnoa sheet is the key factor in amplifing
the shock arising from higher sovereign risks. Due to a tliess on the balance sheet due to asset
valuation, banks become highly leveraged, requiring treereadjust their portfolios and a further cut
in loans and bond purchase. Because of the capital positithre danks, interest rates on bonds and
loans rise, which dampens investment and output.

In addition to their balance sheets, banks are affectedigir@apital adequacy ratios as the re-
guirements would bind sooner with higher probablities dad#. In addition the model incorporates,
varying risk weights with the credit risks for each class séets. Although we have not included
other mechanisms such as the state guarantee and inteddeperof credit ratings, the model still
captures the positive feedback mechanism between somsraigl banks.

The bank balance sheet plays an important role in amplifghacks to other sectors of the econ-
omy. The capital adequacy condition attenuates the effetetahnology and monetary shocks, but
reinforces the impact of shocks, such as higher sovereitauldend interbank risks, with a direct
effect on banks’ balance sheets.
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5 Appendix

Entrepreneurs first order condition:

Entrepreneur maximization program is:

max (1 —T'4(wWet1)) Rﬁ_lgtNWt

Wi41,0t
subject to:
R
[L(@t+1) — pG(@e41)] o pr — a1
t

The Lagrangian is:

1
Ly = — (1= Ty(@i41)) R 0e NWit
Ti+1

RE
Gt+1 ([F(wt-i-l) — pG(@ey1)] 08 It{t}l — (ot — 1))

where(;;1 is the associated Lagrange coefficient to lender banks’ geofit condition. The first
order conditions are:

1 RE
ot —— (1 = Ty(@e41)) REANW: + Gt ([Ft@tﬂ) — uGH(@t41)] é—? - 1) =

41 t
(@ R
Wiyl %RﬂthWt + Cit1 ([Fi(wtﬂ) — uGY([@e+1)] o1 551) =0
¢

where

1 = Ty(@t11) = F(@e41)
Ly(@t41) — pGy(@e41) = 1 = F(@p41) — pi@e41 F (@e41)

simplifying the first order conditions gives:

(1= Ty(@g41)) +
E

> <[Ft(wt+1) — pGe(We41)] R];l - 1) =0 (48)

[ (@i11)

[F/(w )_ G w RF+1
1 (@er1) — nGH@e11)] RI

t
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Parameter

Symbole for Value

SS Y 0 ALk = v oo™

Discount factor 0.99
Households’ risk aversion parameter 0.5
Household utility elasticity for work 0.1
Share of households’ labour 0.7
Share of entrepreneur’s labour 0.01
Capital depreciation rate 0.025
Coefficient of adjustment cost for investment 600
Nominal rigidities 0.85
Elasticity in the CES production function 6
Deposit banks monopoly power 50
Coefficient of adjustment cost for deposit interest rate 2.4
Tax rate 0.215
Entrepreneurs’ monitoring cost 0.21
Standard deviation for log-normal distributioncof ~ 0.082
Capital-to-Asset ratio requirement 0.08
Risk weight for government bonds 0.2
Risk weight for interbank loans 0.5
Power in risk weighing asset framework for bonds 45.27
Power in risk weighing asset framework for loans 17.5

Table 1: Calibrated parameters

Variables Definition Values
Steady state values
T Inflation 1
R/ Policy rate 1.0303
RP Deposit rate 1.0101
0 Entrepreneurs’ leverage ratio 2.0282
RE/R! External risk premium 1.0202
Steady state ratios
K/Y Capital to GDP ratio 2.09
X/Y Investment to GDP ratio 0.0524
(C+C¥)/Y Consumptionto GDP 0.7298
G/Y Public Spending to GDP 0.1728
KWB/y  Bank Capital to GDP 0.1330
L)Y Loan to GDP ratio 1.1480
DY Deposit to GDP ratio 1.6153
B/Y Debt to GDP ratio 0.4432

Table 2: Steady States ratios
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Figure 4: Monetary shock: full model (black line) and modéhwout wholesale banks’
under-capitalization cost function (blue dashed line))
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Figure 5: Sovereign shock: full model (black line) and modéhout the financial
accelerator (blue dashed line)

GDP

4||
\

5 10

Deposit

Bonds

5 10

Inflation

0.15

0.1

0.05

30

20

10

-10

Consumption

0 5 10
Deposit Rate

0 5 10

Interest Rate on bonds
0 5 10

Bank Leverage ratio
N
~

\ L |

0 5 10

0.4

0.3

0.2

0.1

0.3

0.2

-10

-20

=30

Investment
5 10
Premium
5 10

Policy Interest Rate

5 10
Bank Capital
- -
%
Y
5 10



0.6

0.4

0.2

Figure 6: Sovereign default shock shock: full model (black) and model without
wholesale banks’ under-capitalization cost function ¢adashed line))
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Figure 7: Sovereign default shock shock: full model, i.es@dl and Il (black line)
and model without time-varying risk weights, i.e. BaseHfrework (blue dashed line))
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