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Abstract

Interbank markets have been at the core of the international trans-
mission of recent financial crises, including the euro area sovereign debt
crisis. This paper studies the transmission of shocks in a two-country
DSGE model where government bonds are used as collateral in interbank
markets. We isolate an “interbank collateral channel” of transmission,
which works through banks’ portfolio allocation between loans and gov-
ernment bonds, the resulting value of banks’ bond holdings and the tight-
ness of collateral constraints in the interbank market. We find that, while
in some scenarios this channel compounds a “bank net worth channel”
in amplifying negative shocks, in other scenarios the “interbank collateral
channel” acts as a macroeconomic stabilizer. Credit policies financed by
government debt can erode this stabilizing effect.
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1 INTRODUCTION

In the last 20 years or so, a key feature of the EU banking sectors has been the tendency of European
banks to hold large amounts of sovereign bonds in their portfolios; of not only their domestic gov-
ernments, but also of governments of other European countries. During the euro area sovereign debt
crisis, banks’ exposure to sovereign debts put significant pressure on the financial position of the bank-
ing sector, resulting in a large cutback on the amount of credit granted to non-financial corporations.
The complex links between sovereign debt dynamics and banks’ intermediation role are still relatively
underexplored. Changes in the value of sovereign debt can affect banks’ net worth and capital con-
straints, thereby influencing the ability of the banking sector to extend credit to firms and households.
This “banks’ net worth channel” of transmission has been increasingly investigated in recent years and
has been shown to be quantitatively important in the transmission of sovereign debt crises (see Basu
(2009), Bolton and Jeanne (2011), Bofondi and Sette (2012), Bedendo and Colla (2015) and Bocola
et al. (2014), among others). However, changes in the value of sovereign debt can also affect banks’
access to liquidity, besides their net-worth position, because government bonds constitute the most im-
portant form of collateral pledged by banks in interbank markets. This “interbank collateral channel”
of transmission can have a quantitative importance no smaller than the “banks’ net worth channel”,
and yet we still have a limited understanding of its possible role during crises. Further, once we take
this channel into account, relevant questions arise naturally about the impact of policy interventions.
During the euro area crisis, various governments injected liquidity and equity in the banking sector to
boost its financial stability. However, to the extent that these policies are financed through issuance of
new government debt, they can dilute the safety and acceptability of government bonds as collateral in
the interbank market. Put differently, the attempt to directly boost the liquidity of the banking sector
can fire back via the effect of the debt-financed policy on banks’ access to interbank market liquidity.
In this paper, we aim to study the link between sovereign debt and credit market dynamics in
a scenario where banks hold large amounts of sovereign bonds. Our emphasis is on the role that
banks’ bond holdings can have in the interbank market and how they can influence the propagation of
international shocks through the impact on banks’ access to interbank market liquidity.! We posit a
standard model of interbank borrowing (following Gertler and Kiyotaki (2011)) and extend it along two
dimensions that are empirically motivated. First, an important reason for banks to hold sovereign bonds
is for their use as collateral for wholesale funding in interbank markets.? We then introduce a collateral

constraint that explicitly captures this friction. Second, we build on the observation that a large share

!The empirical analysis of section 2 shows that there is a strong link between sovereign bond holdings and activity in
interbank markets.
2See, for example, Bolton and Jeanne (2011) for a more detailed discussion.



of bonds issued by countries in the euro area periphery (Greece, Ireland, Portugal and Spain) were held
by banks in the core (France, Germany, UK, and Switzerland). This meant that aggregate shocks that
affected the value of periphery bonds had consequences not just for the periphery countries but also
for core countries through their effect on core banks’ balance sheets. Thus, we consider a two-country
setting where shocks in the periphery can spill over to the core and vice-versa.

Within this framework, a key result is that through the “interbank collateral channel” certain shocks
are amplified while others are mitigated relative to a frictionless model. An important type of shock
considered in the literature on financial frictions is a shock that induces exogenous variations in the value
of productive capital (see Gertler and Kiyotaki (2011) and Gertler and Karadi (2013), among others).
In our model economy, we find that the effect of this capital quality shock is mitigated relative to those
models. As is common in the literature, this shock tends to erode banks’ net worth, thus leading to a
contraction in bank lending. In our setting, however, while banks’ net worth does fall, bond prices and
holdings go up because banks’ appetite for government bonds (relative to participation in firms’ capital)
tends to increase when the negative capital quality shock hits. In turn, the increase in bond prices and
holdings has the effect of loosening the borrowing constraints faced by banks in the interbank market.
We label this mechanism a “portfolio switching effect”. Importantly, this effect highlights a potential
benefit of banks holding large amounts of sovereign bonds in their portfolios. During the sovereign debt
crisis in the euro area banks were often criticized for being responsible for a crowding out of loans to
firms. It was often argued that the switch of banks’ portfolios towards government bonds during the
crisis severely affected credit availability for firms. In our model it turns out that the portfolio switch
is instead a mechanism that attenuates the credit contraction, because it boosts collateral values in
interbank markets and, hence, banks’ access to liquidity, which in turn facilitates credit extension.

However, there is also a clear downside to these holdings. When a “bond quality” shock (a reduction
in the value of bonds) affects bank balance sheets in an adverse manner, the result is a tightening of
their collateral constraint which limits their ability to borrow in interbank markets. This leads to a drop
in funding for the productive sector and ultimately a reduction in output. The implication, consistent
with empirical evidence by Gennaioli, Martin, and Rossi (2014), is that the more severe are the frictions
in the interbank market (making banks hold more bonds), the worse the effect on output of a shock
hitting the value of sovereign debt. Note that this effect can arise in banks of a country that is different
from the source country of the sovereign debt shock, due to the international transmission.?

As noted, during the euro area crisis, various governments conducted unconventional policies aimed
at supporting the banking sector. We study both the direct lending facilities recently instituted by

central banks and equity injections directly into the banking sector. An interesting policy-related

3We also examine the effects of a supply-side shock to total factor productivity in the production sector of periphery
countries. The results suggest that the effects of supply-side shocks are attenuated by the frictions in interbank markets.



question that our model can help answer is whether credit policies used to mitigate a crisis in the
periphery countries can also serve to avoid contagion to countries in the core. We show, however, that,
since these policies are financed by increased government borrowing, they can potentially impair the
safety of sovereign bonds and, hence, their acceptability as collateral in the interbank market. The
implied lower pledgeability of collateral worsens the frictions faced by banks in the interbank market.
As a result, these credit policies can end up having an adverse effect on banks’ access to liquidity that
counteracts the portfolio switching effect described above. Our results suggest that both direct lending
and equity injections work very similarly as it relates to their effects on the domestic economy in the
presence of all the shocks that we study. Interestingly, though, they have not only quantitatively but
also qualitatively different implications for international spillovers.

To our knowledge, relatively few papers within the open economy macroeconomics literature look
at issues similar to those we investigate: Guerrieri, Iacoviello, and Minetti (2012) (hereafter GIM),
Bolton and Jeanne (2011) (hereafter BJ) and Kollmann, Enders, and Miiller (2011) (hereafter KEM).*
In GIM banks hold both bonds and equity (in order to meet regulatory capital requirements). However,
since GIM abstract from interbank markets, they cannot study issues related to how banks’ ability to
tap wholesale funding in interbank markets can transmit sovereign debt problems to the real sector.
Introducing interbank markets and the presence of a lender of last resort into this environment allows us
to study how, as a result of the increase in the riskiness of their portfolios, the banks of core European
countries experienced a liquidity “freeze” in the interbank market. It also enables us to study the recent
central bank policies aimed at avoiding the potential credit crunch in the core caused by sovereign debt
problems in the periphery.’

Our work is also motivated by the findings of previous empirical studies. Kalemli-Ozcan, Papaioan-
nou, and Perri (2013) document that while the relationship between bilateral banking integration and
business cycle synchronization has been historically negative, it has turned positive during the recent
2007-2009 financial crisis. In a nutshell, their point is that during or after a financial crisis, increased
banking integration across countries is associated to business cycles being more positively correlated
across countries, so that international integration in banking acts more as a destabilizer than as a
hedging device across countries. Our story of an internationally integrated banking sector through
the use of foreign bonds as collateral in wholesale funding introduces a channel of international con-

tagion of sovereign risk and can therefore contribute to explaining these important facts uncovered by

4Kalemli-Ozcan, Papaioannou, and Perri (2013) also study the role of banks in international shock transmission, but
their banks are not subject to constraints (while borrowers are), and there are no interbank markets.

®BJ do look at interbank markets. They study the transmission of default shocks across financially integrated economies
where contagion across countries happens through an integrated banking system that holds bonds and pledges them as
collateral in interbank lending. They do so using a stylized 3-period, endowment economy model with exogenous returns
to investment. Thus, their setting and the mechanisms they uncover are very different from those we study in our DSGE
environment with endogenous investment, output and interest rate spreads.



Kalemli-Ozcan, Papaioannou, and Perri (2013).

Last, the paper is also related to a number of studies in the literature on the relationship between
banking and sovereign default, but in the context of a closed economy without contagion: Basu (2009),
Gennaioli, Martin, and Rossi (2014),% Bocola et al. (2014)7, Engler and Grofie Steffen (2014) and Padilla
(2013).8

The rest of the paper is structured as follows. Section 2 provides empirical support for the links that
we study in this paper. Section 3 presents the model. Section 4 presents the calibration strategy and
the results. Section 5 concludes. Appendix A contains some details on the mathematical derivations.

Supplementary results are relegated to Appendix B.

2 EMPIRICAL MOTIVATION

The mechanism that we put forward in this paper is motivated by two empirical observations. First,
sovereign bonds constitute the most important form of collateral in interbank markets (see Tables 1,
2 and 3), so it is natural to ask how fluctuations in their values influence banks’ access to interbank
market liquidity. Second, an increase in sovereign default risk of periphery countries coincided with an
increase in turnover in the repo market using bond collaterals (see Figure 1). This evidence leads us to
conjecture a significant link between interbank and sovereign bond markets.

Our model is also motivated in part by the goal of introducing a link between sovereign bond spreads
and private sector interest rates. According to Bocola et al. (2014), this link is not yet satisfactorily
studied in the previous literature. The correlation between sovereign bond spreads and credit conditions
in the private sector is documented in Klein and Stellner (2014), Bedendo and Colla (2015), Bofondi and
Sette (2012), Neri (2013) and Neri and Ropele (2013) for European markets; and Durbin and Ng (2000)

and Cavallo and Valenzuela (2007) for emerging economies (see Figure 2). This link is also apparent

5In Basu (2009) banks hold government bonds to transfer resources across periods. As a result, when the government
defaults it gains consumption (since some of the debt is held internationally) but it simultaneously lowers banks’ capital.
Gennaioli, Martin, and Rossi (2014) present a model of endogenous sovereign default where banks hold bonds to store
liquidity to finance future investments. In their framework better financial institutions allow banks to be more leveraged
and therefore, more exposed to sovereign risk, such that default leads to a decline in private credit.

"Bocola et al. (2014) introduces households composed of bankers and workers. Limited enforcement of debt contracts
between households and bankers means that the latter can walk away with the assets. This friction gives rise to a constraint
on banks’ leverage and to a lower bound on net worth being the key determinant of banks’ borrowing capacity in retail
deposit markets. Differently, we model an interbank market in each country which allows us to study both lending flows
in this market and the correlation between sovereign and interbank rates. Second, instead of a leverage constraint in the
market for retail deposits, our model introduces a collateral constraint on interbank borrowing.

8Padilla (2013) considers a sovereign default framework in which bankers lend to both the government and the corporate
sector. When bankers are highly exposed to government debt, a default triggers a credit crunch and output collapse. In
doing so he provides a mechanism competing with that in Mendoza and Yue (2012) to endogenize the costs of default. In his
work banks’ holdings of sovereign debt are pinned down by supply and not by frictions in interbank markets. Therefore, his
setup is silent about how default affects financial intermediation through interbank markets, which is the key mechanism
in our paper.



from the data on credit to the private sector by deposit money banks and other financial institutions (as
a share of GDP) for the following set of countries: United States, Japan, Euro Area, Germany, Spain,
France, United Kingdom, Greece, Ireland, Iceland, Italy and Portugal. The correlation coefficient
between these two series is negative for most of these countries, providing support to the argument that
a higher sovereign default risk is associated with a reduction in the supply of bank credit (see Figure
3).°

Our model is also able to match the positive correlation in the data between sovereign bond yields
and rates in interbank markets. In Table 1, we report the correlation coefficient between government
bond yields and Euribor and EONIA rates.!” In most cases, an increase in sovereign default risk is
associated with an increased cost of borrowing for banks in the interbank market.

Last, we want our model to match the result previously documented in the literature by Gennaioli,
Martin, and Rossi (2014) that output contractions are larger around episodes of default in countries
where banks hold more government bonds.

As we solve the model and obtain simulation results, we calculate the relevant moments of the

simulated series and use them to assess whether our model can reproduce these features of the data.

3 THE MODEL

The model is a stylized two-country model, where we will interpret one country as the core EU block
and the other as the periphery block. In each country the economy consists of four sectors: households,
non-financial firms, banks and a government. In this section, we present the optimization decisions
faced by agents in the periphery. Analogous problems apply to agents in the core, and a ‘*x’ superscript
is used to denote core variables.

We model interbank markets as in Gertler and Kiyotaki (2011). There is a continuum of non-
financial firms of mass 1 located on a continuum of sectors. Capital is not mobile across sectors,
but labor is perfectly mobile across sectors and firms. In each period investment opportunities arrive
randomly to a fraction 7! of sectors. In a fraction 7" = (1 — 7) of sectors there are no new investment
opportunities. Only firms in sectors with investment opportunities can acquire new capital. To do so,
they need to issue shares and sell them to banks. The arrival of investment opportunities is i.i.d. across
time and across islands. As is standard in the literature on financial frictions, this introduces a link

between developments in the financial sector and the real economy, and allows for frictions in financial

9The correlation equals -0.48 in the United States, 0.04 in Japan, -0.73 in the Euro Area, -0.63 in Germany, -0.65 in
Spain, 0.07 in France, -0.73 in the UK, 0.4 in Greece, -0.63 in Ireland, -0.45 in Iceland, -0.62 in Italy, and -0.4 in Portugal.

10The Euro OverNight Index Average is computed as a weighted average of all overnight unsecured lending transactions
in the interbank market, undertaken in the European Union and European Free Trade Association (EFTA) countries by
the panel banks.



intermediation to have real effects.

Banks intermediate funds between households (depositors) and non-financial firms. The interaction
with households and firms happens at two different times. The timing is as follows. In the first stage,
banks raise deposits from households and decide their government bond holdings. After the deposits
and bonds markets close, idiosyncratic uncertainty about the investing opportunities is revealed. Since
some banks will be associated with sectors that receive the investment opportunity, they will want to
borrow funds from banks that have surplus funds because they are associated with sectors that did
not receive this opportunity. A crucial assumption of our paper is that banks will be required to post
collateral in the form of government bonds to borrow in the interbank market. Note that if bonds
did not serve this role as collateral, the only reason why the first stage would matter would be that
it brings net funding for banks into the second stage. But since bonds provide this extra service as
collateral, banks will want to hold bonds to insure themselves against the investment uncertainty that
can potentially induce liquidity shortages.

The setup of the final goods producers is standard and similar to the one in Gertler and Kiyotaki
(2011). There are two types of non-financial firms: goods and capital producers. Goods producers
operate in a competitive market and choose the amount of labor and capital goods to buy from capital
producers.

Finally, the government of each country purchases goods and finances itself by levying lump-sum

taxes and issuing bonds which can be traded internationally.
3.1 NON-FINANCIAL FIRMS

3.1.1 FiNnAL GooDS PRODUCERS In every period ¢, final goods producers face an opportunity to
invest with probability 7’. Contingent on getting funding from intermediaries, these firms issue state-
contingent securities X} at a market price Qi. They use these funds to buy new capital goods. Firms

in this sector operate a technology that is constant returns to scale in labor and capital and is given by

Y; = AJKOH! (3.1)
The factor demand curves are given by
Y;
= (1—a)— 3.2
wo= (- (32)
Y;
Zy = a— 3.3
t Oth (3.3)



where the wage rate is denoted by w; and the return to capital by Z;. Finally, the log of total factor
productivity (TFP, denoted by A) evolves exogenously according to an AR(1) process given by

log(At41) = Plog(A¢) + vey1. (3.4)

Equation (3.4) shows the AR(1) in logarithms process followed by TFP, where A; = (A, A}) is part of
the state vector of the model. P is a matrix of coefficients and v, = (14, /). The off-diagonal elements
of P define the spillovers from one country to the other. The elements of v; are serially independent,
bivariate, normal random variables with contemporaneous covariance matrix V. TFP processes are

potentially related across countries through the off-diagonal elements of both P and V.

3.1.2 CapriTAL PRODUCERS The capital producing firms choose their investment levels to maximize
the expected present discounted value of lifetime profits given by the value of new capital sold to firms
in investing sectors minus the cost of investment inclusive of adjustment costs. Their optimization

problem is:

Hl[a.X FE; Z At,t—l—i {QiJr’iIt"ri — |:1 -+ f <I t+ >:| It-i-i} . (35)
‘ =0

t+i—1

Therefore, in equilibrium the price of investment goods has to equal the marginal cost of producing

capital goods according to

; Tiyi ) Ivi ( Iiy > <It+1>2 / <It+1)
=1+ + — EA —_— — . 3.6
@ d (It+z‘—1 It+i—1f Iiyia T f I (3.6)

Let § be the rate of physical depreciation. Then, capital accumulated in sectors that receive investment

opportunities is I; + 7¢(1 — §) Ky, while in sectors without them it is 7(1 — §)K;. Aggregating and
denoting by ¢ a shock to the quality of physical capital available for production at time ¢, the law of
motion for aggregate capital is

K1 =t L+ (1= 0)K,]. (3.7)

The capital quality shock is meant to represent disruptions in the good producing sector that are
unrelated to financial issues. One example is that certain goods become obsolete over time and this
shock is a reduced form way of capturing the effect of that obsolescence on the capital stock. This
provides a convenient way of capturing exogenous variation in the value of capital. Following Gertler

and Kiyotaki (2011) we will assume that ¢, follows an autoregressive process.

b = pV1 + e} (3.8)



3.2 HouseHoLDS To keep the model tractable, we will follow the standard assumption of a represen-
tative household. Households are comprised of workers who earn wages and bankers who earn profits by
managing financial intermediaries. However there is perfect consumption insurance within the house-
hold. We follow the setup in Gertler and Kiyotaki (2011) where bankers exit with a probability (1 — o)
and transfer all their earnings to the household. This is done to ensure that banks cannot accumulate
enough assets to end up in a situation where the collateral constraint never binds. To keep the relative
number of workers and bankers constant, (1 — o) f workers randomly convert into bankers where f is
the fraction of bankers.

Households earn the wage rate wy, a rate of return th 1 on their deposits and profits from owning
both intermediaries and non-financial firms, II;. They use their funds for consumption CY%, to pay lump-
sum taxes T3, and hold deposits D;. Households smooth consumption through the use of banking sector

deposits. They choose consumption, savings and labor supply to maximize lifetime utility according to

o
ma. E tLU(Cy, H, 3.9
CtyDt?(}It O;BH ( t t) ( )
s.t.
Cy+ D+ T, = R2\Dyy + w Hy + 10, (3.10)

Households’ optimization yields equations (3.11) and (3.12). Equation (3.11) is the standard labor
supply condition stating that the intratemporal marginal rate of substitution between consumption and
leisure has to equal the wage rate. Equation (3.12) is the Euler condition governing the intertemporal

allocation of savings.

Up,
— = wy (3.11)
Ue,
Ug
1=p4E, Uif“RtD (3.12)
Cy

3.3 BANKS In period ¢ the objective of each individual bank in sector A in the periphery is to
choose deposits (d;), local and foreign bond holdings (b} and 0™, respectively), interbank position
(m}) and holdings of shares in non-financial firms (z}), where the h € {i,n} superscript represents
whether an investing opportunity is available or not in that sector. Since deposits and bond holdings
are chosen before uncertainty over types is realized, banks in sectors without investment opportunities

find themselves with a surplus of funds, while banks in sectors with investment opportunities face a

shortage.!! The former will then lend to the latter at an interest rate R} . The key assumption in our

" Notice that dy, bY and b?* are not indexed by h.



model is that banks are required to pledge government bonds as collateral to borrow in the interbank
market. This collateral requirement can cause the cost of credit for the production sector to increase
over and above the risk-free rate. This is how the friction in interbank markets that we introduce works
to inflict an actual cost on the real economy. The fact that banks are allowed to use both domestic
and foreign bonds as collateral introduces a link between the domestic and foreign banking sectors. A
shock to the value of foreign bonds changes the value of collateral that domestic banks can pledge. This
change affects the cost of interbank borrowing and ultimately affects funding for firms in the domestic
economy.

Interbank markets are domestic, so that lending banks in each country can borrow from non-lending
banks only in their own country. While we could have well assumed international interbank markets,
we chose to stay with markets that operate only at the domestic level because we want to focus on the
international transmission channel that arises from the fact that both local and foreign bonds are used
as collateral, and to disentangle this channel from that of flows of funds across countries in interbank
markets.

FEach bank of type h maximizes the expected present discounted value of the stream of future

dividends (e) discounted with the stochastic intertemporal discount factor A. In equilibrium, this is

given by the households’ (bank owners) intertemporal marginal rate of substitution.!?
max  Vi=FEp Y o'Apppiel;  Apppi =B 3.13
deBr B alml t; b teri =P U, (3:.13)
s.t.

ro= | Z+(1-0)Q) — RP di—1 — R W)+ — AC(HY_, 6 (3.14
€ = ¢+ ( Q| i t—10t—1 t—1Mt—1+ 0y + 044 (bt_1,b7-1) (3.14)
et = (Qak+at] +qt}) — (mf +d) (3.15)

1 -
my < X (qeblwi + g by™) (3.16)

Equation (3.14) introduces bank h’s profits in period ¢ where asset yields are given by the returns on
firms’ shares and discounted bond payments minus the cost of deposits and interbank borrowing used
to finance asset purchases. Z; is the dividend payment at ¢ on firms’ shares bought in ¢ — 1; Q? is the
market price of a bank of type h’s claim of a unit of non-financial firms’ present capital'?; Rf_l and
R% 1 are the interest rates on deposits and interbank borrowing, respectively; and 1 is an aggregate
exogenous shock to the quality of capital. AC(.) represents a convex adjustment cost for changing bond

holdings.

12The effective discount factor between any periods ¢ and t 4 i incorporates o to account for the conditional probability
of still being in business up to period ¢ + 1.

13This market price is measured at the end of the period after types are realized and therefore, it is indexed by h and
it is a function of the volume of investment opportunities that the bank faces.
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Equation (3.15) is the balance sheet constraint according to which banks’ equity equals the difference
between their assets and their liabilities.

Last, equation (3.16) imposes the collateral constraint according to which interbank borrowing
cannot exceed i of the value of domestic and foreign bond holdings (priced at ¢; and ¢, respectively).
As noted, we want to capture the fact that bonds issued by the sovereigns of periphery countries might
become less desirable as collateral when these countries start using credit policies aggresively, to the
extent that these policies are financed by issuance of new debt. We then let these bonds enter the
collateral constraint with a factor of wy;. When we discuss credit policies in subsection 3.4 below, we
provide more details on the functional form we assume for w; and its role in the model.

The banks’ FOCs with respect to dy, 2}, b7 and bY* are given by equations (3.17), (3.18), (3.19) and
(3.20), respectively.

FOC w.r.t. d;

Bl p1Qi1 (RP — RY) = BEyAyix (3.17)

where \; = (Tri)\i + 77”)\?). Since in equilibrium the collateral constraint is never binding for banks in

sector n, A" = 0 and \; = wiAL

FOC w.r.t. af
Zip1 + (1 =6)Q
EiMNi 411041 { [ s (Qh ) t+1] Y1 — Riw} = EiN i1 {)\?X} . (3.18)
t
FOC w.r.t. bf:
)
EiNg 1041 " Lt — RM| = B Ay At (x — w)] (3.19)
FOC w.r.t. b is:
0AC(.)
1 _—
abp* _
EiNg 141 " : ) ~RM| = EiAg 1 {)\t [x — 1]} (3.20)
t

The intuition behind equation (3.17) is that in expected, discounted terms, the cost of deposits ex-
ceeds the cost of interbank borrowing for banks by a measure of the tightness of the collateral constraint
given by two elements: (1) the parameter y, which equals the reciprocal of the loan-to-value (LTV)
ratio, and (2) the non-zero shadow value \; of a binding constraint. This equation could also be
interpreted as stating that the cost of both sources of funding have to be equal in expected terms, with

EtAt7t+th+1Rtl) representing the cost of retail funds, and EtA 141 {Qt+1R£W + X;\t} the “effective” cost

11



of interbank borrowing which consists of the interest rate on interbank loans plus the cost implied by a
binding collateral constraint.

Equation (3.18) implies that the “effective” cost of interbank borrowing (which can be also thought of
as the marginal cost of acquiring equity in the non-financial sector) has to optimally equal the marginal
return of that equity given by the capital shock-adjusted sum of dividends plus capital gains/losses.

Similarly as in equation (3.18), the intuition behind equations (3.19) and (3.20) is that the “effective”
cost of interbank borrowing (including the cost of collateral) has to equal the expected marginal return on
(1—% _6;%9)

) (
+ and EiAy 111 ~—F+—>

q; ’

domestic and foreign bonds net of adjustment costs, EyAs ;141
respectively.

Analogous optimization conditions apply to banks in the core where we use b¢ to denote core banks’
total holdings of core bonds (priced at ¢*), and b“* to denote core banks’ total holdings of periphery
bonds (priced at q).

3.3.1 EvoruTioN OF BANKS’ NET WORTH We use capital letters to denote aggregate quantities

and N to denote aggregate net worth. Aggregate net worth for all banks of type h is:
NP =zt {(a +6) [Zt +(1- 5)@?] X1+ (o +&) (BP_, + B)) — URf)_lDt_l} (3.21)

where 7" is the share of banks that are of type h and ¢ is the fraction of banks that survives until
the current period. Included in the above expression is the net worth of new or entering entrepreneurs

which is given by family transfers of ﬁ of the value of assets of exiting entrepreneurs.

3.4 FiscAL AND CREDIT PoLicy The government finances government spending and credit policies
through taxes and by issuing bonds. BY is used to denote the total supply of bonds by governments in

the periphery. Government spending and taxes are assumed to be determined by the following processes

Gy = pYGiq+ (1 —pS)ymgYs (3.22)

T, = p'Ti1+ (11— p%)mrYi. (3.23)

In addition to the autoregressive component, we allow for government spending and taxes to be affected
by the current level of output.

We consider two types of unconventional credit policy. In the first, the government lends directly to
goods-producing firms. In the second, the government injects equity into banks. For both, the policy
is represented as a simple rule where the government adds to firms’ financing or to the total net worth

of banks, and finances these operations by issuing debt (BY). The share of total financing or net worth

12



that is purchased by the government is modelled as an increasing function of the deviation with respect
to steady state of the spread between returns on capital and the risk-free rate.
Direct lending (X9) and equity injections (NY) are governed by the following policy rules where

time subscripts are omitted to simplify notation:

X9t = oXxh (3.24)
Not = NN (3.25)
X = X [(EhRﬁ - Rd) - (HR? + " RE — Rd)} (3.26)
o = oV |(BuRf - RY) - (x'RE+ 7Ry - RY)| (3.27)

where X9" denotes direct lending to productive sector h € {i,n}, N 9" denotes equity injections into

banks of sector h € {i,n}, and EhRfL is the expected return on capital shares across sectors conditional
Zi+(1-6)Qi 4] n [ZeH(1-0)Qp 1]
o T ‘
Credit policy, in both forms, yields the obvious benefit of providing extra liquidity to entrepreneurs

on being in sector h at time ¢, i.e. EhRf{ = {771[

or to the banking sector. At the same time, in our framework we also allow the credit policy to present
a trade-off: the pledgeability as collateral of bonds issued by countries in the periphery is decreasing
in the share of issuance that is used to finance unconventional credit policies. In particular, we let the
parameter w in banks’ collateral constraint be endogenous to the extent of credit policy intervention

according to equation (3.28).

(riQixg, + mQpxy,) + (n'Nf, + 7"NG, )
B}

wp={1- (3.28)
This modeling choice is based on the fact that during the euro area debt crisis in 2009 and 2010,
government securities from countries under an assistance programme were no longer accepted in Euro-
pean repo markets (Engler and Grofle Steffen (2014)). The negative impact on default risk attached

to sovereign bonds of financial rescue packages in 2000 in Europe has also been studied by Ejsing and

Lemke (2011).14

3.5 EqQuiLiBRIUM In this section we use capital letters to denote aggregate quantities. In the market
for bank securities, total securities issued on investing and non-investing sectors equals aggregate capital

acquired by each type. Also, total securities includes both those “sold” to the private sector and the

1 Gorton and Metrick (2012) provides evidence that increased risk on US-Treasury bonds led to a “run on repo” markets,
contributing in part to the US financial crisis.
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government:

X! = L+ (1-6rK; 3.29
t

X = (1-00)mK; (3.30)
Xp,+Xp, =X he{in} (3.31)

Market clearing in the bonds market requires that bonds issued by governments in the periphery

and the core, respectively are held by domestic and foreign banks.

B} = (Bf+By") (3.32)
B = (B + By) (3.33)

Market clearing in the market for interbank loans in each country requires

(M{+M") = 0 (3.34)
(a4 0) = 0 (3.35)

Finally, the balance sheet constraint of the entire banking sector is given by

Di+ Y N = | ) QX!+ B!+ ¢ B (3.36)
h=in h=in

Di+ > NP = | Y QX!+ ¢/ Bf + auBf (3.37)
h=i,n h=i,n

4 CALIBRATION AND RESULTS

4.1 CALIBRATION This section describes the parameter values used in the calibration for the periphery
bloc, with the assumption that core parameters are the same. When these parameters are different across
blocs, we provide an explanation.

For the households, we use GHH preferences which results in the marginal utility of consumption

14



and the marginal disutility of labor effort to be of the following form:

1 a\ % 1 n\ %

Uy, = (HY (4.2)

This assumption guarantees that there are no wealth effects on labor supply and that none of the results
are driven by households’ labor effort rising in response to the negative effects of credit frictions on their
wealth.

The household discount factor B is set to 0.97. This implies an annualized steady-state deposit rate
of 3.09%. The other parameters of the utility function are assigned values that are fairly conventional
in the literature. The intertemporal elasticity of substitution is set to 2, the price elasticity of labor
supply parameter ¥" is set to 2 following Mendoza and Yue (2012) and the degree of habit persistence
in consumption « is 0.45. The parameters that govern the frictions in interbank markets are chosen
based on Gertler and Kiyotaki (2011). Thus, it is assumed that one fourth of the sectors face investment
opportunities (7! = 0.25), that the survival rate of bankers is o = 0.97, and that the transfer to entering
bankers ¢ is 0.003. In the production sector, the effective share and depreciation rate of capital are set
to the standard values of o =0.33 and d =0.025, respectively. The adjustment cost to capital function

is specified as

oF <Kt+1 ) 2
AC (Kpi, K = 2 1
(K41, Ky) 5 X,

with ¢ = 2.
The steady-state share of government spending m¢g is set to 0.18 and that of tax revenue to

mp =0.20, which together yield a positive sustainable debt-to-GDP ratio in steady-state equal to

(mp—mg)
(1-q)

The adjustment costs to bond holdings are introduced into the model to help pin down bond holdings.
The adjustment cost parameters are set to match these holdings and spreads in the data for the European
Union. ¢ppr is set to to match the spread between periphery and core yields (% - qi> calculated in
the data as the difference between yields on German bonds and average yields for French, Spanish
and Italian bonds. ¢ppr+« is set to match the spread between German bond yields and interest rates
on deposits in the German market obtained from the FRED database and averaged over the period
2003-2014. ¢pe« is set to match the data for the share of bonds issued by sovereigns in the periphery
that are held within their own countries, i.e. the ratio g—z of 62%. ¢pe is set to match the share of

bonds issued by core countries that are held in the periphery from the European stress tests (see Tables
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1,2 and 3).1

All parameter values are presented in Table 5. The relationship among all relevant interest rates in
steady state for both the benchmark parametrization of the model (high x) and an alternative low x
are presented in Table 6.

The intuition behind these results is the following. From equation (3.18) and since A" = 0, it follows
immediately that in equilibrium RF = é +(1—6) = R™. Using the same logic, but understanding that
the collateral constraint is assumed to be always binding for banks associated with production sectors
that do receive investment opportunities, Rf > R™. From FOC (3.17) it becomes clear that the rate
of return to shares in investing sectors also exceeds the interest rate on deposits such that Rf > Ry.
Moreover, the cost of deposits for banks is higher than that of interbank borrowing since the former are
not subject to collateral constraints. Last, from equations (3.19) and (3.20), the rate of return (net of
adjustment costs) on sovereign bonds issued by the periphery exceeds the return on those issued by the
core by a factor of (1 — w).

The key feature of our model is that banks are required to pledge bonds to borrow in the interbank
market. The parameter x governs the tightness of this constraint, reflecting features that determine the
willingness of lenders to make loans in the interbank market for a perceived quality of sovereign bonds.
Notice that xy > 1 is needed to generate positive spreads between the expected return on equity shares
owned by the banking sector and its cost of funding. In the baseline calibration, we set the parameter in
the collateral constraint xy = 1.8. In an alternative scenario, we weaken the friction by setting y = 1.4.
A lower value of y indicates that for a given level of bond holdings, banks can borrow more in the
interbank market, that is, the collateral constraint is looser. We compare results for both cases in the
discussion below. Since the constraint takes the form xM; < 7' [¢BPw + ¢* BP*] and since 7 = 0.25,
this calibration implies a steady-state ratio of interbank borrowing to bond holdings of approximately

15%.
4.2 CAPITAL QUALITY SHOCKS

4.2.1 EFFECTS ON THE DOMESTIC EcONOMY We start by studying the response of the economy
to a negative capital quality shock in the periphery. The impulse response functions are presented in
Figure 4. As a comparison, we plot the responses in a frictionless Real Business Cycle model as well as
in a GK-type of model with interbank markets but without the collateral constraint and bond holdings.
Note that relative to the frictionless model, output and capital fall more in our model. This is due

to the adverse effect of the shock on the expected rate of return to capital, which leads firms in the

15The European Central Bank statistics for Monetary and Financial Institutions are available from the Jacob Kirkegaard
of the Peterson Institute for International Economics at http://www.piie.com/realtime/?p=1711 . Data on bond holdings
for other OECD countries are available from the Flow of Funds of the Federal Reserve and the Bank of Japan.
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production sector to lower their demand for investment, capital and employment, and their output.
In the standard RBC model banks play no role other than being frictionless intermediaries between
households and firms. When taking deposits from households they pay a rate of return equal to the
rate that they charge when lending to firms, so that they play no role in the transmission of shocks.

By contrast, in our model with a collateral constraint imposed on banks’ borrowing in interbank
markets, the effect of the shock on banks’ portfolios plays a crucial role in the transmission mechanism
of shocks. In the benchmark calibration of the model, the net worth of banks falls by more than 10%
in response to this shock that hurts the value of their most important asset: equity shares of ownership
in the production sector. In the Gertler and Kiyotaki (2011) model with interbank markets and a
“walk-away” constraint on banks, the drop in net worth would tighten that constraint and result in a
further reduction of the supply of credit and an amplification of the shock. In our model with interbank
markets and a collateral friction, an opposite mechanism is at work through which the effects of the
shock are not amplified, but mitigated relative to the GK-type model.'® Notice that in Figure 4 the
solid lines for the benchmark model lie in between the dashed ones (for the RBC) and the dotted ones
(for the GK-type model). Even though the net worth of banks falls, as banks switch away from shares
(now the lower quality and less attractive financial asset) towards bonds, here we get an increase in both
the price and quantity of bonds.!'” This has the effect of boosting the nominal value of banks’ bonds
portfolio relative to that of bank shares, and actually loosening the collateral constraint in equation
(3.16). Thus, we see a fall in the value of the spread between the expected return on capital on investing
islands and the deposit rate. This is a feature that is unique to our model and is not present in other
models with financial frictions like Gertler and Kiyotaki (2011). This extra feature arises because i) we
introduced a richer asset structure for banks and, hence, allowed for a substitution channel to be at
work between lending to firms and investment in government bonds; ii) the financial asset alternative
to loans, that is, government bonds act as collateral in the interbank market. In response to a negative
shock to one of the assets held by banks, capital in this case, banks are allowed to substitute away from
capital and into sovereign bonds as an alternative asset. This effect allows for the collateral constraint
to be alleviated, for banks’ access to liquidity to increase, and for their supply of credit to fall by less
than in the GK-type of model.'® In what follows we call this the “portfolio switching” effect.

The “portfolio switching” effect, coupled with the fall in the demand for capital and for shares

by firms in the investing sectors that is triggered by the shock, makes investment fall but by less than

The GK-type of model is not exactly the same model as in GK since it does include interbank markets, but without
the “walk-away” friction.

7 Another reason why the price of bonds ¢ increases is that the reduction in the effective (or quality-adjusted) quantity
of capital raises its price Q° and, by a standard arbitrage argument, the price of competing assets rises too.

'8 This last result is evident from the drop in both the shadow value of the constraint (\) and the spread between the
expected return on capital and the risk-free rate.
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otherwise. The drop in investment leads to a drop in capital and, as a result, also in the marginal product
of labor, the demand for labor and employment. With both factors of production falling, output follows.
With less output, domestic absorption follows, and both private consumption and government spending
fall. This is how the link between frictions in credit markets and the real economy works. Thus, in our
framework it turns out that the portfolio switch is a mechanism that attenuates the credit contraction,
because it boosts collateral values in interbank markets and therefore, banks’ access to liquidity, which
in turn facilitates credit extension. This is fundamentally different from a situation where the portfolio
switch only means a crowding out of loans to the private sector. During the crisis in the euro area banks
were often criticized for crowding out credit to firms because of an excess appetite for government bonds.
Our results indicate that these criticisms might have been missing some nuisance.

In Figure 6 we present these results and compare them across two economies: a tight collateral
constraint (high x) and a looser constraint (low y). Importantly, the tighter the collateral constraint,
i.e. the higher the value of the parameter x, the more incentives banks face to switching since increasing
bond holdings alleviates the constraint. Thus, the higher y, the stronger the “portfolio switching”

effect.!?

4.2.2 INTERNATIONAL TRANSMISSION An appealing feature of our model is that it can shed some
light on the international spillover of shocks. In figures 5 and 7 we plot the response of core variables
to a reduction in 1 in the periphery countries. Our model isolates a channel that works through bond
holdings that adds to the direct effect on international trade in goods between the two countries. As
a result, the effects on real variables in the periphery is mimicked in the core. It is important to note
that this happens with no exogenous shock whatsoever in the core (the exogenous process assumed for
1 does not allow for cross-country spillovers). The reason for the positive comovement across countries
is the following: The increase in the price of bonds in the periphery (q) results, by a standard arbitrage
argument, in an increase in bond prices in the core (¢*) as well. This drives down the demand for both
domestic and foreign bonds by banks in the core (B¢ and B*, respectively); the effect on quantities

dominates the effect on prices in bond markets; the nominal value of bond portfolios falls; the collateral

YWorthy of note is that the price of bonds rises by more the tighter the constraint as bonds play a more important
function in the model economy. As a result, the quantity demanded for bonds falls with a higher x. The net effect on the
nominal value of bonds is a negative one. The negative shock also lowers the demand for bank shares in both investing
and non-investing sectors and the demand for interbank borrowing by banks. This last effect is stronger for a tighter
constraint. Then, the net effect is to relax the collateral constraint. Since the effect of the shock on prices is quantitatively
similar in both the low and the high x scenarios, but its effect on quantities (B? and BP*), and since the reduction in the
demand for shares by firms is stronger for a higher y, the relaxation of the constraint is weaker and the drop in its shadow
value M\ is smaller for a tighter constraint. The pattern followed by A is also evident in the spread between the expected
(across sectors) return to capital and the rate on deposits. Notice that both rates fall together with v, but the returns
to capital do so more than proportionally, reflecting the relaxation of the collateral constraint. Keeping in mind that this
relaxation of the constraint partially offsets the initial negative impact of the shock, and that this offsetting is weaker for
a tighter constraint, the net negative effect on real variables of an exogenous fall in the quality of capital is stronger as x
rises and the constraint gets tighter.
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constraint tightens; the amount of interbank borrowing (M*) that banks in the core are able to obtain
drops; and their supply of credit to the production sector (X%) falls. With less financing available
for investment, the demand for investment and capital drops in the foreign economy too; the marginal
product of labor falls; the demand for labor falls; and both employment and output follow. Summarizing,
even without any direct shock to the foreign economies, economic activity is negatively affected there
because of the collateral friction in interbank markets.

An important caveat to our model is that the spillover effect arises because of how the increase in
domestic bond prices translates to foreign bonds. In a richer environment (closer to actual economies)
where bonds issued by sovereigns in the periphery and the core differ in risk, this link from ¢ to ¢*

might be weakened relative to our model in which there are no risk considerations.

4.2.3 UNCONVENTIONAL CREDIT POLICY INTERVENTION Direct lending from the central bank to
the productive sector has three effects: First, it provides extra liquidity for firms so that the reduction
in aggregate lending is less significant than that in private lending (i.e. from equations (3.24) and (3.36)
X = Xp— (1 - <I)X) Since X? < 0 and (1 - <I>X) < 0, it turns out that X > XP In absolute value,
|X| < |XP]).2° Second, the share w of domestic bonds that can be pledged as collateral in interbank
markets falls as a portion of government bonds issuance is devoted to financing the unconventional credit
policy. Thus, all else equal, the introduction of the policy tightens the collateral constraint, partially
eroding the portfolio switching effect described above. Third and last, since the policy intervention is
financed with bond issuance, the supply of bonds increases in the periphery countries and the price
of their bonds falls. The second and third effects lead the collateral constraint to become tighter and
the spread to increase a few quarters after the shock initially hits the economy. Nevertheless, the
liquidity effect described first seems to dominate so that the responses of all real variables, employment,
investment, consumption and output, are all attenuated in the presence of credit policy.

Along the dotted lines in Figure 8 we have allowed for the policy to still work but in this case,
the pledgeability of domestic bonds is not a function of the cost of implementing the policy (i.e. w in
equation (3.16) is a constant). In this last case the second of the three effects described above is not
present, so that the real effects are still attenuated but less noticeably than in the benchmark model.
In other words, if pledgeability is not variable, then the policy is more effective at helping the economy
out of the recession generated by the negative shock to capital.

The second type of credit policy intervention that we study is equity injections by the central bank
directly into the banking sector. The effects of this policy resemble those of direct lending. Interestingly,
even with public net worth (IV9) increasing in both investing and non-investing sectors, total net worth

in the banking sector falls by more when credit policy is implemented, underscoring the presence of a

29Gince this is true for every sector, we have dropped the h superscripts to simplify notation.
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crowding out effect on the private component of net worth (see Figure 10).

In terms of the transmission of their effects to countries in the core, these policies are qualitatively
quite similar. With both policies and just two quarters after the shock, the increase in both the price
and the quantity traded of bonds allows for bond value to increase, so that the shadow value of the
constraint and the cost of credit fall, and all real variables rise in the core. Quantitatively, equity
injections are more efficient, and our model uncovers a theoretical mechanism through which equity
injections in the periphery benefit the core more, i.e. a mechanism that can justify why countries in the
core would be more willing to finance the second type of credit policy (see figures 9 and 11).

In Table 7 we present the cumulative responses of output, employment, capital, investment and
consumption for five economies: no policy intervention, direct lending and equity injections each with
variable and constant pledgeability (w). The difference in cumulative responses (in percentage points)
obtained by direct lending are 4, 2, 6, 11 and 6 for output, employment, capital, investment and
consumption, respectively. The corresponding numbers for equity injections are 6, 3, 11, 9 and 8

percetage points.
4.3 BOND RETURNS SHOCKS

4.3.1 EFFECTS ON THE DOMESTIC AND FOREIGN EcoNOMY In this section we study the economy’s
response to a shock that exogenously lowers the rate of return of bonds issued by countries in the
periphery. The impulse response functions are presented in figure 12 for alternative strengths of the
collateral friction.?!

This shock makes periphery bonds less desirable, lowers the demand (BP) and works to endogenously
lower their market price (¢). Since banks can also post foreign bonds (those issued by countries in the
core) as collateral, the shock induces them to switch away from periphery bonds and towards core bonds,
which in turn raises the demand for these bonds (BP*) and their market price (¢*). The combined effect
of the increase in the price and quantity of foreign bonds and the fall in the price and quantity of
domestic bonds results in a reduction in the nominal value of the bond portfolio held by banks in
the periphery, which tightens their collateral constraint and limits their ability to borrow in interbank
markets.?? As a result, this forces banks to lower the amount of shares of ownership in the production
sector (X* and X"). With less investment financing available, firms in the periphery countries curtail

their demand for capital and investment, which lowers the marginal product of labor and also induces

them to lower their demand for labor. Employment and output follow.

21For this type of shock we are not able to compare the predictions of our model with frictionless models since in those
models banks do not hold sovereign debt.

22This result is related to our calibration of bonds adjustment costs parameters which, consistent with home bias in
asset markets, targets a ratio of domestic to total bonds in the data that is higher than 50%.
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Next we compare the performance of the model in response to this shock for alternative strenghts of
the friction as governed by two values of the parameter in front of the collateral constraint, x, so that a
lower (higher) x represents a looser (tighter) collateral constraint. What we observe is that the initial
effect of lowering the price and quantity demanded for bonds issued in the periphery is of approximately
the same magnitude in both cases. However, a tighter constraint induces less switching. Therefore, the
increase in the price of core bonds (¢*) is smaller and the increase in the quantity of them held by banks
in the periphery (BP*) is larger with a higher y. The net result is a smaller reduction in the nominal
value of bonds and a weaker tightening of the collateral constraint. As a result, the mechanism outlined
in the previous paragraph is weakened for a larger xy and the economy exhibits a smaller drop in the
supply of credit, interbank borrowing, investment, employment and output. The key feature that drives
the difference in results for these two models is that a looser constraint (i.e. a lower x) means that
substitution from periphery to core bonds is easier, so that the substitution effect becomes stronger. 23
The results for the international transmission of the shock are presented in figure 13. The negative

effects in the periphery are transmitted to countries in the core, so that employment, investment, output

and consumption all fall there too.

4.3.2 CREDIT PoLiciEs The results for credit policy interventions are presented in figures 14 and 16.
We obtain that credit policies mitigate the impact of a bond return shock. Perhaps more interestingly,
when we look at the international transmission of shocks, we find that equity injections in the periphery
induce a reduction in the nominal value of bonds in the core that is even larger than in the benchmark
model. Thus, in this case, policy intervention in the periphery hurts countries in the core. This is an
interesting conclusion, in that it differs from those obtained for the case of capital quality shocks (see
figures 15 and 17).

Summarizing, our model predicts that unconventional credit policy intervention in the periphery is
indeed desirable for countries in the core when the source of the crisis is shocks to the quality of capital.
However, when the source is shocks that directly impact the bond market, credit policy in the periphery

can actually hurt countries in the core.

4.4 SIMULATION AND INTERNATIONAL SPILLOVERS In this section we switch from an impulse re-
sponse type of analysis to a simulation in which the economy is subject to a sequence of shocks. In
this environment we study the features of the model that cause international spillovers and we look at

the implied cross-country correlations for the main macroeconomic aggregates (consumption, employ-

23 Also at play is the fact that the drop in the demand for interbank loans (M*) works to endogenously lower the interbank
rate (R™). This price effect partially offsets the negative impact of this shock on the supply of credit by the banking sector.
Since with a tighter constraint (i.e. a higher x), the interbank rate falls by more than in the benchmark model, this plays
a role to explain why the supply of shares X* and X" and therefore, all real variables fall by less with a tighter constraint.
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ment, investment and output). Cross-country correlations for alternative models are presented in Table
8. Correlations for the standard two-country RBC model and the models with unconventional credit
policies are also presented as a comparison. In this case we assume p(A, A*) = 0.05 and p(v, *) = 0.05
to be able to generate non-zero correlations across countries even in the frictionless model.

When the economy is simulated in response to a series of capital quality, productivity and bond
returns shocks, all of these aggregates exhibit positive correlations across countries in our model. This
is because shocks in periphery countries affect the market value of both their own bonds and bonds
issued by the core (through an arbitrage mechanism). Since these bonds are also held by banks in the
core, their asset portfolios are also affected. In turn, this impacts the supply of credit by banks in the
core, investment financing available in the core countries, the quantity of capital produced, employment,
output, and consumption. This is the source of the international co-movement of all the macroeconomic
aggregates in the benchmark version of the model.

As expected, once unconventional credit policies, in the form of either direct lending or equity
injections, are implemented in the periphery countries, the international correlations of employment,
investment and output all increase and that of consumption falls. Also, consistent with the results of
the impulse response analysis, equity injections in the periphery result in stronger positive effects in the
core than direct lending, so that cross-country correlations are higher when credit policy targets the

banking sector rather than the production sector.

5 CONCLUSION

In this paper we are motivated by two empirical observations. First, sovereign bonds constitute the
most important form of collateral in interbank markets. Second, interbank markets have been at the
core of the transmission of recent financial crises, including the European sovereign debt crisis.

We build a DSGE model with governments issuing sovereign debt, interbank markets and interna-
tional transmission links to study how sovereign bond holdings impact banks’ intermediation capacity
and economic activity. In the recent literature, a large amount of attention has been paid to the Eu-
ropean sovereign bond crisis and its detrimental effect on banks’ net worth and strength of balance
sheets. While we acknowledge the importance of this channel, our results highlight an additional (and
potentially overlooked) effect that banks’ holdings of sovereign bonds can have. Specifically, the effects
of negative shocks that reduce the value of private loans given by banks can be mitigated if the value
of sovereign bonds goes up. In fact, this rise in bond value works to loosen the collateral constraint
faced by banks in interbank markets, which is an integral feature of our model. Overall, we find that
our setting mitigates the response of the economy to certain shocks while amplifying the effects of other

shocks.
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We have also used our framework to revisit the effects of policies initiated to fight a credit crunch.
Like in previous studies, credit policies like equity injections into banks help fight the negative conse-
quences of a credit crunch by raising liquidity. However, to the extent that these policies are financed
through the issuance of debt, they can potentially reduce the acceptability and pledgeability of gov-
ernment bonds as collateral in the interbank market. This can have an adverse effect on banks’ access
to liquidity in the interbank markets that counteracts the stabilizing role of credit policies. Our model
further predicts that unconventional credit policy in the periphery indeed makes countries in the core
better off when the source of volatility is shocks to the quality of capital. However, when the source is
shocks to bond returns, credit policy in the periphery can actually hurt countries in the core.

Since these general equilibrium effects of sovereign bond holdings have not been studied in this

literature so far, we believe our findings can yield novel insights for policy-makers.
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Table 1: Consolidated foreign claims and other potential exposures - ultimate risk basis

Amounts outstanding (millions of dollars) for domestically-owned banks against
the public sector in the counterparty country
Share of claims against PIIGSS in overall claims

Dec.10 Jun.11 Dec.11 Jun.12 Dec.12 Jun.13 Dec.13 Mar.14

Germany 38.1 29.3 29.6 24.9 25.9 23.4 18.8 18.3
France 28.0 24.9 16.5 13.7 14.3 14.6 13.9 14.0
Japan 5.2 5.3 3.4 3.7 3.5 3.4 3.3 3.7
Switzerland 2.4 2.2 1.6 2.0 1.8 2.1 4.6 6.4
UK 3.6 3.5 1.9 1.4 1.2 0.9 0.9 1.2
US 3.3 4.0 2.2 3.0 3.5 4.3 4.1 4.6

Source: BIS, Consolidated Banking Statistics, foreign exposure data.
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Table 4: Interbank Rates and Bond Yields

Core Countries Periphery Countries
p(Ry EA,Euribor) 0.85 p(Ry Greece,Euribor) -0.45
p(Ry EAJEONIA) 0.72 p(Ry Greece,EONIA) -0.55
p(Rp Germany,Euribor) 0.91 p(Ryp Ireland,Euribor) 0.36
p(Rp Germany,EONIA) 0.86 p(Rp Ireland, EONTA) -0.18
p(Ry France,Euribor) 0.91 p(Ry Ttaly,Euribor) 0.72
p(Ry France, EONTA) 0.85 p(Ry Ttaly, EONTA) 0.25
p(Ry UK Euribor) 0.88 p(Ry Spain,Euribor) 0.69
p(Ry UK,EONIA) 0.82 p(Rp Spain, EONIA) 0.09
p(Ryp, US,Euribor) 0.84 p(Rp Portugal,Euribor) 0.27
p(R, US,;EONIA) 0.77 p(Rp Portugal, EONIA) -0.43
p(Ryp Japan,Euribor) 0.80
p(Ry Japan, EONIA) 0.63
p(average core Ry, Euribor) 0.87 p(average periphery Ry, Euribor) 0.32
p(average core Ry, EONTA) 0.78 p(average periphery R, EONIA) -0.16
In the model
No policy
(g Rin) 0.6968 (5= Ry,) 0.9758
Direct Lending
(g Rin) 0.7914 (o= Ry,) 0.9679
Direct Lending with constant w
(g Bim) 0.8092 0.9657
1 *
,O(qu Rm)
Equity Injections
p(:, R, 0.8799 0.888
a 1 *
Equity Injections with constant w
(5 Rim) 0.9311 p(5= Ry,) 0.9322

Source: FRED for bond yields, Furopean Central Bank Monetary and Financial Statistics
for lending rates.
Note: Ry denotes bond yields. EA denotes Euro Area.
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Table 5: Baseline Calibration

Parameter Value Description Target
Households
gH 0.97 Discount factor Annualized interest rate of 3.1%
y 0.5 Habit parameter
Oc 2 Risk aversion
Pl 2 Exponent on labor in preferences Unitary elasticity of labor supply
P2 5 Parameter multiplying labor in preferences % of time at work
Firms
Q 0.33 Capital share in production
o 0.025  Capital depreciation rate
p 0.906  Persistence of technology shock From Backus, Kehoe and Kydland (1992
¥ 0.7 Persistence of capital quality shock
OK 2 Investment adjustment cost parameter
Banks
13 0.003  Transfer to new bankers From GK (2011)
o 0.97 Banker survival rate From GK (2011)
m 0.25 Probability of new investment opportunities From GK (2011)
X 1.8 Interbank collateral constraint tightness
¢B, 0.15 AC parameter for domestic bonds in periphery % — q%) =0.01
@ pr+ 0.1 AC parameter for foreign bonds in periphery q% — Rd*) = 0.0047
B, 0.08 AC parameter for domestic bonds in core 55 =0.07
g
P pex 0.2 AC parameter for foreign bonds in core g—’; =0.62
Government
me 0.18 G/Y (steady-state)
mr 0.20 T/Y (steady-state) 2 debt-to-GDP ratio

Table 6: Interest Rates in Steady-State

Benchmark (y = 1.8) Low x (x =1.4)

Periphery Core Periphery Core

R?* 1.0309 R¥™ 1.0309 R¢ 1.0309 R¥™ 1.0309

R™ 1.0171 R™ 1.0077 R™ 1.0307 R™ 1.0254
Z 00571 Z* 0.0567 Z 0.056 Z* 0.0566
RF 1.0704 RF* 1.0954 RF 1.0318 RFM 1.0472

RE 1.0171 RF 1.0077 RF 1.0307 RF* 1.0254
g 09379 ¢* 09546 ¢ 0.9299 ¢*  0.9464
¢ 10662 & 1.0476 o 10753 &  1.0566
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Table 7: Cumulative Responses of Real Variables
(in % deviations with respect to the steady state)

Capital Quality Shocks

Y H K I C
No policy -45.56 -22.78 -92.81 -25.73 -50.25
Direct lending (¢=1) -41.21 -20.61 -84.05 -14.27 -44.31

Direct lending - constant w  -40.25 -20.13 -82.12 -11.98 -43.06
Equity injections ¢ =10 -39.84 -19.92 -81.43 -16.39 -42.54
Equity injections - constant w -38.25 -19.12 -78.23  -12.58 -40.46

TFP Shocks
Y H K I C
No policy -20.39 -10.19  -9.67  -16.94 -194
Direct lending (¢=1) -17.46  -8.73  -3.71 -7.01  -15.03

Direct lending - constant w  -16.46  -8.23 -1.7 -4.63 -13.74

Equity injections (¢n=10) -17.88  -8.94 -4.87 -20.49  -15.37

Equity injections - constant w -16.22 -8.11 -1.52 -16.54  -13.23
Bond Returns Shocks

Y H K I C
No policy 136 -6.8  -282  -703 6.4
Direct lending (¢=1) -9 -4.5 -18.7 -45.5 4.7

Direct lending - constant w -8.2 -4.1 -17.1 -41.5 44
Equity injections (¢ny=10) -440.7 -220.4 -918.9 -2376.5 177.1
Equity injections - constant w  -509  -254.5 -1061.0 -2738.6 200.7

Table 8: International Transmission and Cross-Country Correlations

RBC GK Benchmark  Direct Equity
Lending Injections

p(C,C*) -0.2736 -0.8792 0.4062 0.1493 0.2210
p(I,I*)  0.1050 0.7640 0.6808 0.7704 0.8352
p(H,H*) -0.0134 0.3318 0.7285 0.7008 0.8389
p(Y,Y*) -0.0144 -0.6282 0.7285 0.7008 0.8389
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Figure 1: Interbank Repo Markets and Default Risk
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Figure 2: Loan Rates and government bond yields
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Figure 3: Bank credit to the private sector and government bond yields
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Capital Quality Shock in Periphery

Y K H C
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Figure 4: The figure shows the response of periphery variables to a capital quality shock in the periphery.
The solid blue lines show the response from the benchmark model, while the dashed red show the
response from the frictionless RBC model, and the green dotted do so for a model with interbank
markets as in Gertler-Kiyotaki but without their “walk-away” friction.
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Capital Quality Shock in Periphery
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Figure 5: The figure shows the response of core variables to a capital quality shock in the periphery.
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Capital Quality Shock in Periphery
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Figure 6: The figure shows the response of periphery variables to a capital quality shock in the periphery
for two alternative loan-to-collateral ratios in interbank markets.
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Capital Quality Shock in Periphery: Effects in the Core
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Figure 7: The figure shows the response of core variables to a capital quality shock in the periphery for
two alternative loan-to-collateral ratios in interbank markets.
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Figure 8: The figure shows the response of periphery variables to a capital quality shock in the periphery
for the economy with and without direct lending as the credit policy.
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Figure 9: The figure shows the response of core variables to a capital quality shock in the periphery.
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Figure 10: The figure shows the response of periphery variables to a capital quality shock in the
periphery for the economy with and without equity injections as the credit policy.
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Figure 11: The figure shows the response of core variables to a capital quality shock in the periphery.
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Bond Return Shock in Periphery
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Figure 12: The figure shows the response of periphery variables to a shock to bond returns in the
periphery for two alternative loan-to-collateral ratios in interbank markets.
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Bond Return Shock in Periphery: Effects in the Core

*

*

Y K H C
05 0.2 0.5
0\/- V- \/ L.
05 . 0.2 05
-1 . 04 -1
0 200 400 0 200 400 0 200 400 0 200 400
x- x _:s % *
read A
1 : - g L10OP 10
0 0
VERBVARE o
-1 . -10
-2 . -5 -20
0 200 400 0 200 400 0 200 400 0 200 400
N Bond Value g, (Periphery)
0.02 1 |
mmmm Banchmark
0 0
== Lowy
-0.02 -1
-0.04 -2 -1
0 200 400 0 200 400 0 200 400

Figure 13: The figure shows the response of core variables to a shock to bond returns in the periphery
for two alternative loan-to-collateral ratios in interbank markets.
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Figure 14: The figure shows the response of periphery variables to a shock to bond returns in the
periphery with and without policy intervention.
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Figure 15: The figure shows the response of core variables to a shock to bond returns in the periphery
with and without policy intervention.
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Figure 16: The figure shows the response of periphery variables to a shock to bond returns in the
periphery with and without policy intervention.
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Figure 17: The figure shows the response of core variables to a shock to bond returns in the periphery
with and without policy intervention.
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APPENDIX A: TECHNICAL APPENDIX

In this appendix we provide the entire derivation of the banks FOCs of section 3.3.

The Lagrangian for the system in equations (3.12)-(3.15) becomes:

l= Z @ {[1—0’)6t +U€t+1}+20/\tt+z [( U)€?+i+ae?+1+i]}+

h=i,n =1

+ Z o BiAy i1 A {thfwt + q; b — Xmﬂ +

h=in
s.t.
e? = felwe—r,mp_1, dp1, 0] 007 )) (0.1)
= [Zt +(1 - 5)@?} b1 — R ymy—y = R ydpy + (b + B — AC(H]_ 1,6 1))
et = gilet) (0.2)
Zip+ (1-6)QN
= 2 (Qh )Qs] Yii1 (6? + my + dy — qb} — q:bf*) — R{'my — RPdy + 0 + b — AC(bY, b}")
t
To get equation (3.17) of section 3.3, we proceed in the following steps:
FOC w.r.t. dt
0 ft+1 9g1+1 0 ft1
h + +10ft+
"0 EN 41 |(1—0) +0o =
hzzi,n Gdt 86?’+1 8dt
amt
Z ™ O'EtAt t+1)‘tX 8d (03)
h=i,n
where we have used )\,}} to denote the Lagrange multiplier associated to the collateral constraint.
Using %";? = —1 (by the bank’s balance sheet constraint) and 8ft“ = (RM — RP) and defining

the shadow/marginal value of net worth at time t +1 as Q1 = (1 —0) + 0 (89”1) =(1-0)+

Oeifq

o <[Zt+2+(1 —0)Q)

t+1

Py +2) ! equation (0.3) becomes:
EAt 14141 (R yin ) = BN ir1xM (0.4)

where \; = (Wi)\i + W”A?). Since in equilibrium the collateral constraint is never binding for banks in

!The marginal value of net worth is the weighted average of the marginal value of exit (with probability (1 — ¢)) and
the marginal continuation value (with probability o). In the case of bank exit the value is equal to 1. The continuation
value is the return on assets that can be increased by acquiring an additional unit of equity.
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sector n, A" = 0 and \; = 7L

To get equation (3.18) of section 3.3, we proceed in the following steps:

FOC w.r.t. af
Ofer1 | Ogi+19fin p. Om
EA 1-— =oEA ALY ——. 0.5
O L\ t+1 ( U) ax? U&efH Omf O Ly\g t41 tXax? ( )
Using %Tgf = QI (by the bank’s balance sheet constraint) and % = ([ZtH +(1- 5)@?“] i1 —
t t

RM,Q"), equation (0.5) becomes

Z -0y
[Zep1+ (1 - )QFi] a1 — Riw} = EArin {/\?X} ) (0.6)
Q

EiNg 411041 {

To get equation (3.19) of section 3.3, we proceed in the following steps:
FOC w.r.t. b}

aft+1+ 0gt+1 Oft+1

omp
h h h t
EA 1-— + o By A A Wt — X5 0.7
h;nﬂ O Lutd\g t41 ( J) be Jae,’}ﬂ (%f hzzm tA 1A [Qt t — X (%f ] ( )
Using Eggﬁ = ¢ (by the bank’s balance sheet constraint) and agz# =(1- 8?)2;,(') — RMq;), equation
t t t
(0.7) becomes:
HAC()
1- ovy M <
BN 111 . — R | = Bty [N (x —w)] (0.8)
t
Similarly, the FOC w.r.t. b} is:
| _ 0AC()
ob™ M X
EiMNg 341941 — R | = Elppir {[x — 1]} (0.9)
t
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APPENDIX B: SUPPLEMENTARY RESULTS - TECHNOLOGY SHOCKS

ErrFECTS ON THE DOMESTIC ECcONOMY Next we study the response of the economy to a negative
technology shock in the periphery. In Figure B.1 we plot the response of domestic variables. Here we see
that the response of the real variables in our model is mitigated relative to the RBC and the GK-type
models. The return to capital falls due to the standard channel through which a fall in TFP lowers
the marginal product of factors of production. This lowers the demand for both factors of production,
output falls and consumption follows. Also, standard is the increase in the deposit rate which reflects a
higher price of current consumption in terms of future consumption since the shock is only temporary
and lowers contemporaneous productivity relative to future productivity. With a fall in the returns to
capital and an increase in the deposit rate, the spread between the two falls. All of these effects are
also present in the frictionless RBC model.

In our model with idiosyncratic investment opportunities across production sectors, interbank mar-
kets and collateral frictions, this effect is moderated. The drop in productivity has two effects on the
collateral constraint: First, it lowers the demand for banks shares and, hence, for interbank borrowing.
Second, it drives bond prices down but raises the demand for them, raising the nominal value of bond
portfolios. The combined effect works to relax the constraint and raise the supply of credit, so that the
net (still negative) effect on the quantity of shares available to firms in goods markets (X’ and (X%))
is attenuated.

In conclusion, intuitively, capital, investment, employment, output and consumption all fall after
a negative supply-side shock. However, the benefits of this shock for the real economy are indirectly
mitigated by the frictions in credit and sovereign bond markets that we study in this paper.

In Figure B.3 we compare the results for alternative strenghts of the collateral friction. It is evident
from these plots that the constraint is relaxed by more and its shadow value (\) falls by more the lower
X- Thus, the positive impact on real variables is attenuated by more and the net effect is smaller (in

absolute value) the looser the constraint.

INTERNATIONAL TRANSMISSION In figures B.2 and B.4 we look at the response of the core variables
to this technology shock in the periphery. In the core, real variables actually increase. The same

mechanism on the financial side is at play: the return to capital Rf falls and, with an increase in the

51



deposit rate, the spread falls. However without the direct negative effect of worse technology (only
happens in the periphery), this leads investment and capital to rise.

Thus, frictions in the financial sector lead to an improvement of the real economy (relative to a
frictionless case). Notice that the law of motion assumed for TFP does not allow for exogenous cross-
country spillovers of the shock. Therefore, as mentioned above, these results are isolating a very specific
mechanism operating through the bond holdings of banks and interbank lending. This mechanism
highlights a source of negative spillovers across countries, in this case, from the periphery to the core.

In Table B.1 we present the cumulative responses of output, employment, capital, investment and
consumption for five economies: no policy intervention, direct lending and equity injections each with
constant and variable pledgeability (w and wy, respectively). The difference in cumulative responses (in
percentage points) obtained by direct lending are 3, 2, 6, 10 and 4 for output, employment, capital,
investment and consumption, respectively. The corresponding numbers for when the policy consists of

equity injections are 4, 2, 5, 4 and 4 percentage points, respectively.

CREDIT Poricy The conclusions regarding the effects of unconventional monetary policy described
before for shocks to capital quality also apply to productivity shocks. In a nutshell, both policies help
to attenuate the effects of worse technology, and more so when the marginal pledgeability of periphery
bonds is not a function of credit policy (constant w). It is also the case here that equity injections work
better than direct lending at helping the economy after the shock. See figures B.5 and B.7 for more

details.
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Table B.1: Cumulative Responses of Real Variables
(in % deviations with respect to the steady state)

TFP Shocks
Y H K I C
No policy -20.39 -10.19 -9.67 -16.94 -194
Direct lending (¢p=1) -1746 -8.73 -3.71 -7.01 -15.03
Direct lending - constant w  -16.46 -8.23 -1.7 -4.63 -13.74
Equity injections (¢ny=10)  -17.88 -8.94 -4.87 -20.49 -15.37
Equity injections - constant w -16.22 -8.11 -1.52 -16.54 -13.23
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TFP Shock in Periphery
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Figure B.1: The figure shows the response of periphery variables to a technology shock in the periphery,
for our model, the RBC model and a model with interbank markets as in Gertler-Kiyotaki (but without
their “walk-away” friction).
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TFP Shock in Periphery
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Figure B.2: The figure shows the response of core variables to a technology shock in the periphery.
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TFP Shock in Periphery
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Figure B.3: The figure shows the response of periphery variables to a TFP shock in the periphery for
two alternative loan-to-collateral ratios in interbank markets.
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TFP Shock in Periphery: Effects in the Core
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Figure B.4: The figure shows the response of core variables to a TFP shock in the periphery for two
alternative loan-to-collateral ratios in interbank markets.
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Figure B.5: The figure shows the response of periphery variables to a TFP shock in the periphery for

the benchmark model and for the case of direct lending.
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Figure B.6: The figure shows the response of core variables to a TFP shock in the periphery.
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Figure B.7: The figure shows the response of periphery variables to a TFP shock in the periphery for
the benchmark model and for the case of equity injections.
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Figure B.8: The figure shows the response of core variables to a TFP shock in the periphery.
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