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Abstract

I develop a model where governments might prefer to have an undercapital-

ized domestic financial sector during crises. Weak banks optimally tilt their

sovereign bond portfolio towards domestic securities that are positively correlated

with banks’ other sources of revenues. Governments anticipate this gambling-for-

resurrection motive and therefore face a trade-off when setting capital regulation.

Undercapitalized banks act as buyers of last resort for home public debt at the

cost of crowding-out private lending. Following recapitalizations, governments

may face lower debt capacity and higher sovereign yields. European stress test

data support the proposed mechanism as high leverage banks increased domestic

government bond holdings relative to low leverage banks during the crisis. The

general equilibrium model can rationalize, in the context of the Eurozone periph-

ery, the increased banks’ holdings of domestic public debt, the decreasing private

lending, and the prolonged undercapitalization of the banking sector.
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1 Introduction

The recent European debt crisis unveiled the existence of a “diabolic loop” between sovereigns

and domestic banks: increased sovereign credit risk impairs the balance sheet of financial

institutions that, in turn, rely on government guarantees.1 In addition, banks’ portfolio

choice affects aggregate demand for domestic public debt and, consequently, sovereign bor-

rowing costs. Understanding the origins of this two-way feedback and its general equilibrium

effects is crucial to design effective macro-prudential policy and understand fragilities dur-

ing sovereign crises. In this paper, I document three stylized facts underlying this vicious

loop and build a tractable general equilibrium model that rationalizes them, also providing

additional empirical implications, that I test using data from the European debt crisis.

The Eurozone periphery drifted into a severe crises in mid-2009, when sovereign yields

started diverging from yields in the core countries reaching record high at the end of 2011,

when the European Central Bank adopted extraordinary measures to preserve the Euro.2

Three facts from the European periphery motivate this paper. First, banks tilted their

government bond portfolio towards domestic securities as the home sovereign became riskier.

Figure 1 shows the share of total government debt held by domestic banks (dashed blue line)

and the 5-Year CDS spread (solid orange line) for Italy, Spain, and Portugal.3 The figure

documents that the dramatic deterioration of sovereign creditworthiness is matched by the

repatriation of public debt on domestic banks’ balance sheets. Second, banks’ portfolio

composition of private and public debt substantially changed as domestic government bonds

replaced credit to firms. Figure 2 shows, in levels (tn e), holdings of domestic government

bonds (dashed blue line) and credit to non-financial institutions (solid orange line) for the

same three countries. In late 2010 in Spain and Portugal, and in late 2011 in Italy, private

credit, started to fall. Third, banks were undercapitalized entering the crisis and regulators

failed to both assess the extent of banks’ undercapitalization and promptly improve the

financial sector soundness.4 European policy makers have also been reluctant to implement

the portion of Basel III that required banks to comply with stricter capital requirements.5

1See Acharya et al. (forthcoming), Farhi and Tirole (2014), and Brunnermeier (2015).
2According to Bloomberg, the 10-Year on-the-run government bonds spreads reached 7.3% on 25 Novem-

ber 2011 in Italy, 7.2% on 24 July 2012 in Spain, 7.6% on 24 July 2012 in Portugal, and 16.6% on 18 July
2011 in Ireland.

3Figure D.1 in Appendix D shows plots from Ireland and Greece. I measure credit risk using CDS as
bond spreads (with respect to the German benchmark) incorporate a flight-to-quality price component.
Unreported plots using bond spreads are almost identical.

4For a discussion of the European regulators neglect in dealing with banks’ regulatory capital, see
Greenlaw et al. (2012) and Acharya et al. (2014b).

5Capital requirements in the Eurozone follow the Capital Requirements Directive (CRD) that imple-
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Figure 1: Share of Government Debt Held by Domestic Banks and CDS Spreads. This fig-
ure shows the share of sovereign debt owned by domestic banks (solid orange line, primary axis, (%))
and the 5-Year USD denominated sovereign CDS spread (dotted blue line, secondary axis, (%)) for Italy,
Spain, and Portugal. CDS spreads are from Bloomberg and government debt ownership data is from
Arslanalp and Tsuda (2012).

In particular, the fear that higher capital requirements on government bonds would have

encouraged a sell off might have played a role as Danièle Nouy admitted in a statement:

“Sovereigns are not risk-free assets. That has been demonstrated, so now we have to react.

What I would admit is that maybe it’s not the best moment in the middle of the crisis to

change the rules [...]”.6

In this paper, I build a tractable general equilibrium model where banks’ portfolio choice

is affected by their capitalization. Undercapitalized banks optimally tilt their government

bond portfolio towards domestic securities. These are positively correlated with banks’ other

sources of revenues and are therefore used to gamble for resurrection. Domestic sovereign

debt promises the highest payoff in the good state of the world and limited liability protects

banks’ equity holders in case of domestic sovereign default (Fact 1 ). As public debt credit

risk becomes sufficiently high, risk-shifting banks crowd-out private lending to increase even

more their government bond holdings (Fact 2 ). Anticipating this mechanism, governments

face a trade-off when setting capital regulation. On the one hand, well capitalized banks

foster growth providing credit to the non-financial private sector. On the other hand, un-

mented the Basel II and Basel III capital standards. Basel III Accord is implemented through CRD IV.
The proposal “applies to all EU banks [...] It strengthens their resilience in the long term by increasing the
quantity and quality of capital they have to hold.” Member states were expected to implement the directive
into national law by the end of 2012. The deadline was not respected and the Directive was put in place in
January 2014. See European Commission (2011) for details on CRD IV and its implementation.

6Danièle Nouy is the Chair of the Supervisory Board of the Single Supervisory Mechanism (SSM).
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Figure 2: Domestic Government Bond Holdings and Credit To The Non-Financial Private
Sector. This figure shows holdings of domestic government bonds by domestic banks (dotted blue line,
primary axis, tn e) and domestic banks’ credit to the non-financial private sector (solid orange line, secondary
axis, tn e) for Italy, Spain, and Portugal. Credit to non-financial entities includes credit to non-financial
corporations (both private-owned and public-owned), households, and non-profit institutions. Credit is
mainly in form of loans and debt securities. Government debt ownership data is from Arslanalp and Tsuda
(2012) and data on credit to non-financial entities is from the Bank for International Settlements (BIS).

dercapitalized banks optimally act as buyers of last resort for domestic government debt.

Hence, under certain conditions, the government might prefer weak domestic banks (Fact

3 ).

There are two countries and two dates. Each country has a government and a financial

sector. The latter can invest in a domestic private lending technology and in domestic and

foreign government bonds. The government maximizes spending by issuing debt and levying

taxes on banks’ payoff from private lending. This is uncertain. In the good state, the payoff

is high and the government has sufficient tax collection to repay bondholders. In the bad

state, the payoff is low and the government is forced to default on part of its debt. Banks’

portfolio choice crucially depends on whether the limited liability constraint is binding in the

bad state of the world. If not binding, banks invest in both domestic and foreign public debt

markets. If binding, banks tilt their government bond portfolio towards domestic securities,

which perform well in the good state and poorly in the bad state, exactly when all revenues

are used to pay the initial private debt. As shocks are uncorrelated across countries this is

not the case for foreign government debt as its payoff only depends on the performance of

the foreign economy. The high demand for domestic bonds might lower yields, allowing the

government to expand supply. Hence, a government with undercapitalized domestic banks

may have higher debt capacity and pay lower interest rates at the cost of crowding-out private

lending. While recapitalizations are always welfare improving, the government might prefer

to have the limited liability constraint binding for domestic banks in the bad state in order

to trigger their risk-shifting behavior.
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The model yields two empirical predictions: (i) worse-capitalized banks tilt their gov-

ernment bond portfolio domestically compared to better capitalized banks and, similarly,

(ii) geographically undiversified, or “local”, banks tilt their government bond portfolio do-

mestically compared to geographically diversified, or “international”, banks. I test these

hypotheses using bank-level data on sovereign exposures disclosed by the European Bank-

ing Authority (EBA) at seven dates between December 2010 and June 2013. The limited

sample size of the EBA dataset limits the empirical analysis to the display of consistent

correlations and the discussion of possible alternative channels.7 First, I analyze the role of

capitalization. I exploit the heterogeneity in book leverage in December 2010 to evaluate

banks’ capitalization and find that the home bias in the government bond portfolio of un-

dercapitalized banks (leverage top quartile) increased by 115% compared to an increase of

55% of better capitalized banks (leverage bottom quartile) between March 2010 and June

2013. Second, I analyze the role of geographical diversification. Following a similar strategy,

I divide banks according to their geographical diversification using the December 2010 total

domestic credit risk exposure. This is not limited to public debt, and includes exposures

to residential and commercial real estate, corporations, and institutions. I find that “local”

banks increased the home bias in the government bond portfolio by 40% more compared to

“international banks”.

Having documented correlations consistent with the gambling-for-resurrection motive, I

then discuss alternative explanations, taken from the literature and the public debate. First,

many commentators claim that the zero capital requirements on Euro denominated sovereign

bonds encouraged Eurozone banks to buy risky peripheral government debt. However, pe-

ripheral banks’ exposure to peripheral-non-domestic government debt dropped during the

crisis confirming that domestic securites, rather than zero risk weight risky securities, be-

came more attractive in this period. For example, Spanish banks reduced their holdings of

risky peripheral non-Spanish bonds and increased holdings of domestic bonds, even if both

types of securities carried a zero risk weight. Second, moral suasion, or “financial repres-

sion”, is another common alternative explanation (see Bo and Ivashina (2014)). Under this

hypothesis, governments pressure domestic banks to buy their debt during turbulent times.

My model can be interpreted as a model of moral suasion as long as the government is more

successful in repressing undercapitalized or local banks, which might gamble-for-resurrection

incentive even in the absence of the government influence. Admittedly, it might still be that

banks increased their holdings of domestic debt in order not to bear the redenomination

7The EBA is the only publicly available source of information on European peripheral banks’ sovereign
exposure. It discloses data on only 16 peripheral banks.
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risk associated with foreign securities or to increase the chances of a government bailout by

making their default more costly for the sovereign. Finally, banks’ information advantage

regarding domestic securities might have increase during turbulent times.

The remainder of the paper is organized as follows. Section 2 discusses the literature.

Section 3 illustrates the baseline model. Section 4 discusses and relaxes the main assump-

tions. Section 5 shows empirical evidence consistent with the proposed mechanism. Section 6

concludes.

2 Literature Review

This paper relates to the literature on the (i) linkages between sovereign and financial sector

risks, (ii) the transmission of sovereign shocks through banks, and (iii) regulation and banks’

portfolio choice.

First, I contribute to the literature analyzing linkages between sovereign and domes-

tic financial sector. Acharya et al. (forthcoming) models a two-way feedback between the

sovereign and the financial sector credit risk. Using CDS data, they find that bailouts funded

by government bonds contributed to the increasing sovereign credit risk. Farhi and Tirole

(2014) models a “doom loop” that allows for both sovereign debt forgiveness and banking

system bailout. The latter encourages banks to diversify as little as possible in order to take

advantage of the taxpayers’ put. Cross-country contagion during the Euro crisis is analyzed

in Beltratti and Stulz (2015). In my model, the sovereign-banks loop originates from the gov-

ernment inducing banks to gamble for resurrection using its public debt. Brutti and Saure

(2013) empirically documents the importance of cross-border linkages of financial institu-

tions. My model allows for international spillovers, therefore giving theoretical foundations

to the documented stylized facts. Acharya and Steffen (forthcoming) shows that large and

undercapitalized European banks have increased holdings of peripheral bonds during the

crisis. The contribution of my paper is to propose a theory supporting their empirical facts.

Buch et al. (2013) also analyzes banks’ government bond portfolio choice showing that worse-

capitalized banks hold more domestic bonds. These findings about a core European country

complement my analysis of the periphery. Drechsler et al. (2014) analyzes collateral pledged

at the ECB between 2007 and 2010. They find that weakly-capitalized banks pledged riskier

collateral at the ECB and borrowed more. In the model presented in the remainder of the

paper, I abstract away from bank funding to focus on banks portfolio choice. Drechsler et al.

(2014) shows empirically that this is a mild assumption as the lender of last resort did not

discriminate between illiquid and risk-shifting banks. Bo and Ivashina (2014) shows that,

across large banks, there is little correlation between bank health and its home bias in gov-

ernment bond holdings. Using a methodology developed in Bo and Ivashina (forthcoming),
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the authors find evidence of moral suasion in the Euro debt crisis.8 Hildebrand et al. (2012)

finds that German banks, between 2006 and 2011, change their portfolio choice favoring

securities that are eligible as collateral for central bank operations. Gennaioli et al. (2012)

analyzes holdings of government bonds from 191 countries. They find that banks increase

their exposures to public bonds during sovereign defaults, especially when expected returns

on government bonds are high. Their findings constitute an empirical foundations for my

contribution. Broner et al. (2010) shows that sovereign risk is eliminated by the presence of

functioning secondary markets that, during crises, reallocate the government debt domes-

tically. Finally, Gennaioli et al. (2014) shows that government defaults are costly because

they destroy the balance sheets of domestic banks.

Second, my findings adds to the literature on the transmission of financial crises to firms

and households through the reduced supply of credit. In the context of the Lehman collapse,

Ivashina and Scharfstein (2010) and Santos (forthcoming) show that banks that were more

affected by the shock reduced volume of credit and charged higher rates compared to less

affected banks. Chodorow-Reich (2014) shows that the bank lending channel contributed

to a reduction in employment in small and medium firms. A recent strand of the literature

has focused on the transmission during sovereign crises. Bocola (2013) and Perez (2014)

build general equilibrium models to illustrate the transmission of these shocks. The first

shows that news about a potential sovereign default has a negative impact on lending as

borrowers become riskier and funding becomes harder to get for banks. The second illus-

trates how a sovereign crisis might also cause banks to replace government bonds with less

profitable projects to transfer resources through time, negatively affecting lending. Several

papers have also tried to document the transmission empirically. Acharya et al. (2014a)

finds, using the European syndicated loan market, that borrowers relying on banks affected

by the Euro sovereign crisis suffered from diminished credit supply, negatively affecting cap-

ital expenditures, sales growth and employment growth. Popov and Van Horen (2013) and

De Marco (2014) also use the syndicated loan market and find that sovereign bond holdings

had a negative impact on the supply of credit. Almeida et al. (2014) provides an additional

channel through which increased sovereign risk is transmitted to the real sector. They find

that sovereign credit ratings downgrade cause, almost always, the downgrade of a firm whose

rating is equal or above the sovereign one (prior to the downgrade). Finally, Bofondi et al.

(2013) finds, using Italian credit registry data, that Italian banks decreased credit and in-

creased interest rates more than Italian subsidiaries of foreign banks. Their results, again,

8Moral suasion is also analyzed in Reinhart and Sbrancia (forthcoming), Chari et al. (2015), and
De Marco and Macchiavelli (2014).
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point towards a negative feedback effect originating from the sovereign.

Third, this paper relates to the literature on regulation and banks’ portfolio choice.

Diamond and Rajan (2011) show that highly leveraged institutions might gamble for resur-

rection by holding on to illiquid assets, effectively behaving as a “illiquidity seekers”. The

sub-optimal credit supply of weakly capitalized banks is studied in Caballero et al. (2008)

that shows how Japanese banks, in the early 1990s, kept extending loans to insolvent “zom-

bie” borrowers hoping in their recovery or in a government bailout. Recapitalizations receive

attention in both the empirical and theoretical literature. Philippon and Schnabl (2013)

model an efficient recapitalization scheme that reduces the debt overhang problem. Empiri-

cally, Homar (2014) and Giannetti and Simonov (2013) show that, following large recapital-

izations, banks increase lending in the European and Japanese crises context, respectively.

Uhlig (2013) analyzes a setting, similar to the one here proposed, where home bias and

cheap borrowing by risky countries arise as bonds can be used for repurchase agreements

with a common central bank. In my model banks also voluntarily choose to buy government

bonds, but such preference originates from risk-shifting. Finally, Boz et al. (2014) illustrates

how sovereign defaults amplify the business cycle and suggests that more stringent capital

requirements improve welfare. The benefits of more stringent capital requirements are also

analyzed quantitatively, in a quantitative framework, in Begenau (2015).

3 Model

In this section I setup and solve the baseline model. I make some assumptions that I discuss

and relax in Section 4. The economy starts at t = 0 and terminates at t = 1. There are

two symmetric countries i ∈ I, where I = {A,B}. Each country has a government and

a banking sector. There is universal risk neutrality and no discounting. In the following

subsection, I describe the model setup for one country omitting, for simplicity, the country

superscripts.

3.1 Setup

There is a representative bank with balance sheet of size one, debt L ∈ [0, 1] maturing t = 1,

and equity 1 − L. It maximizes profits investing in domestic government bonds, foreign

government bonds, and a domestic private lending technology.

Assumption 1: Banks cannot invest in the foreign private lending technology.

The lending technology is risky as it can be hit by a negative shock between t = 0 and t = 1:

an investment of k at t = 0 yields ǫHf(k) with probability θ and ǫLf(k) with probability

1− θ at t = 1, where θ ∈ (0, 1) and ǫH > ǫL.

Assumption 2: Lending technology shocks are uncorrelated across countries.

8
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Figure 3: Investment Opportunities. The left panel of this figure illustrates the investment opportu-
nities and of the financial sector in country i ∈ I, which can invest in (i) the (domestic) lending technology
f i, (ii) domestic government bonds, and (iii) foreign government bonds. The choice variable α captures the
home bias of the financial sector. The right panel shows the payoff from (i) and (ii), following the realization
of the lending technology revenues.

I assume that f(·) is continuous, strictly increasing, strictly concave, and satisfies Inada

conditions. Banks can also invest in the two government bond markets. In particular, they

invest α(1− k) in the domestic market and (1− α)(1− k) in the foreign market. Domestic

government bonds pay an (endogenous) gross interest rate R. Similarly, foreign government

bonds pay an (endogenous) gross interest rate R∗. The choice variable α ∈ [0, 1] captures

the home bias, in the government bond portfolio, of the financial sector. If α = 1 there

is “perfect” home bias and banks invest in domestic bonds only. On the other hand, if

α = 0, banks invest in foreign bonds only. Banks maximize profits and are subject to limited

liability. The left panel of Figure 3 illustrates the investment opportunities for banks in

i ∈ I. The government starts with zero initial debt and wants to maximize spending by

issuing one-period maturity debt D and taxing revenues from private lending at t = 1 at an

exogenous tax rate τ . Note that tax collection is uncertain as the tax base, given by banks’

revenues from the lending technology, depends on the state s ∈ S, where S = {H,L}. The

government cannot save and must fund a non-discretionary level of public expenditure g

every period. Hence, should tax collection minus expenditures be lower than the payments

due to bondholders, the government defaults on part of its debt, applying an haircut 1− λ.

Conditional on having funds, the government always repays its debt.9 The right panel of

9The model can accommodate strategic default, introducing an exogenous cost of default at t = 1.

9



the figure shows the payoffs from the lending technology and domestic government bond

investments. In Section 3.6, I first solve the model assuming that the government spending

is worthless and then consider the case of non-wasteful spending. Figure 4 illustrates the

timeline of the economy for a representative country.

Debt Capacity Investors anticipate that the government might default and are therefore

willing to invest in public debt if and only if payments due to bondholders at t = 1 are less

or equal the expected tax collection minus the non-discretionary spending g

DR ≤ E(ǫ)τf(k)− g

I rewrite g, for simplicity, as a fraction γ of tax collection in the bad state of the world.

Formally,

g = γτǫLf(k)

Rearranging the two expressions above, we obtain the government debt capacity

D ≤ τ∆ǫf(k)

R
(1)

where ∆ǫ = θǫH+(1−θ−γ)ǫL is the share of tax collection that is used to repay bondholders.10

The government is constrained when issuing debt as investors are not willing to buy public

bonds if (1) is violated.

3.2 Agents’ Problem and Equilibrium Definition

Having derived the government debt capacity, I now define the equilibrium and illustrate the

optimization problem of government and banks in a representative country. At t = 0, banks

maximize profits investing in domestic government bonds, non-domestic government bonds,

10As γ is a constant, note that g depends on the equilibrium investment k in the lending technology.
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Govt issues D

Govt collects τǫHf(k),
funds expenditures g,
and repays bondholders

Govt collects τǫLf(k),
funds expenditures g,
and repays bondholders

Figure 4: Timeline. This figure illustrates the timeline of the economy for a representative country.

and private lending, subject to limited liability.

maxα,k

[
E(Π)− L

]+
(2)

s.t.

E(Π) = (1− τ)E(ǫ)f(k)
︸ ︷︷ ︸

revenues

from private lending

+ α(1− k)E(λ)R
︸ ︷︷ ︸

revenues

from domestic bonds

+ (1− α)(1− k)E∗(λ∗)R∗

︸ ︷︷ ︸
revenues

from foreign bonds

where the ∗ superscript indicates foreign quantities and prices, or expectations taken with

respect to the foreign probability θ∗. Note that the uncertainty about the productivity

parameter ǫ spreads to the sovereign bond markets as governments repay bondholders with

uncertain tax collection at t = 1. The possibility of partial default (in case tax collection is

lower than payments due to bondholders) is captured by the recovery value λ ∈ [0, 1]. When

λ < 1 the government defaults being able to repay only a fraction λ of the payments due.

In the extreme case when λ = 0 the government defaults on the entire debt.

In equilibrium, governments maximize spending, banks maximize profits, and the two

bond markets clear. Hereafter, I will use the following equilibrium definition.

Definition 1. Given initial debt levels Li, tax rates τ i, lending technologies f i, probabilities
θi, spending gi, where i ∈ I, an equilibrium is

– prices of government bonds Ri

– public debt issuance Di

– recovery values on public debt λi
s, for s ∈ S

– financial sectors’ investment decisions αi, ki

such that

11



– bond markets clear
– financial sectors maximize profits
– governments maximize spending

According to market clearing conditions, for each country, the sum of domestic and foreign

demand for public bonds must be equal to the government supply. The two bond market

clearing conditions are

αA(1− kA) + (1− αB)(1− kB) = DA

αB(1− kB) + (1− αA)(1− kA) = DB

In each of the two equations above the first (second) term on the left hand side is the domestic

(foreign) demand for domestic sovereign bonds. The government wants to maximize spending

and therefore chooses the highest debt issuance D subject to (1).

D =
τ∆ǫf(k)

R
(3)

While in the good state tax collection minus expenditures is high enough to repay bond-

holders, the government is forced, in the bad state, to write-down part of its debt, applying

an haircut 1− λ < 1. The following lemma formalizes the intuition.

Lemma 1. The government only defaults in the bad state (λi
H = 1, ∀i). The government

debt recovery value in the bad state is λi
L = ǫiL(1− γi)(∆i

ǫ)
−1, ∀i.

The recovery value λ is decreasing in the fraction γ of tax collection in the bad state of the

world used to repay bondholders. The parameter γ can be therefore interpreted as sovereign

credit risk. Having obtained the government bond supply, I now turn to solve banks’ problem.

Given Inada conditions, banks always invest k > 0 in lending. Depending on whether the

limited liability constraint binds in the bad state, there are two relevant cases: (i) if not

binding (the initial private debt L is low enough), banks are “well capitalized” (W case) and

solve (2); (ii) if binding (initial private debt L is high enough), banks are “undercapitalized”

(U case) and solve

maxα,k θ
[
ΠH − L

]
(4)

s.t.

ΠH =(1− τ)ǫHf(k) + α(1− k)R + (1− α)(1− k)E∗(λ)R∗

where the subscript H indicates the good state of the world. The above maximization

problem captures the risk-shifting motive of undercapitalized banks: as in the bad state

12
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0

high priv. lending
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W case
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U case
Limited liability binds in the bad state s = L.

Figure 5: Financial Sector Problem. This figure shows the payoffs of the financial sector in the good
state of the world (w.p. θ) and in the bad state of the world (w.p. 1 − θ). The left panel shows the case
where the limited liability constraint never binds (W case) and the right panel shows the case where the
limited liability constraint binds in the bad state (U case).

profits are entirely used to repay debtholders, banks only care about the good state and have

an incentive to gamble for resurrection (Jensen and Meckling (1976)). I formally characterize

the relation between the initial debt L and banks’ capitalization in Section 3.5. Figure 5

illustrates, for each case, the payoffs at t = 1. To get some intuition on the mechanism, I

solve for the optimal home bias α in the two cases and get

In the U case







α = 1 if R > E
∗(λ∗)R∗

α = 0 if R < E
∗(λ∗)R∗

α ∈ [0, 1] if R = E
∗(λ∗)R∗

(5a)

In the W case







α = 1 if E(λ)R > E
∗(λ∗)R∗

α = 0 if E(λ)R < E
∗(λ∗)R∗

α ∈ [0, 1] if E(λ)R = E
∗(λ∗)R∗

(5b)

where E(λ) = θ+λ(1−θ) ∈ (0, 1) and E
∗(λ∗) = θ∗+λ∗(1−θ∗) ∈ (0, 1). Given risk neutrality,

a well capitalized financial sector (W case) invests only in the government debt with the

highest risk-adjusted return E(λi)Ri. On the other hand, domestic government bonds become

relatively more attractive for undercapitalized banks (U case). In fact, investing in foreign

bonds is less profitable for them as revenues are entirely used to repay the initial private

debt L in the bad state.

The European periphery during the recent debt crisis is the ideal laboratory for the
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proposed model.11 For example, according to this mechanism, an undercapitalized Italian

bank with substantial lending to the domestic economy, might have an incentive to buy

domestic bonds, rather than German or Spanish bonds. In case of Italian sovereign default,

the bank would go bankrupt in any case (even if it had purchased foreign bonds) since its

revenues are highly correlated with the performance of the home sovereign. By investing

in Italian securities, the bank can exploit the positive correlation in the good state (high

revenues from lending and bonds), while being protected by limited liability in case of

sovereign default.

In the remainder of this section, I solve a baseline version of the model assuming that

the two countries are identical, except for the initial level of debt private debt Li so that

results are solely driven by different levels of bank capitalization. In particular, in the

next two subsection, I show that (i) when both financial sectors are well capitalized there

is perfect risk sharing, (ii) undercapitalization induces home bias in equilibrium, and (iii)

governments with undercapitalized domestic banks might pay lower interests on debt at the

cost of crowding out private lending.

3.3 Well Capitalized Banks

As anticipated, I assume that the two countries are identical and differ only in the level of

private debt Li.

Assumption 3: The two countries have identical θ ∈ (0, 1), τ ∈ (0, 1), f(·), and γ.

Depending on the financial sectors’ capitalization, the economy can be in four states, WW ,

UW , WU , UU , where the first (second) letter refers to whether the financial sector of country

A (country B) has high or low initial bank debt. For example, the UW state corresponds to

the case where country A financial sector is undercapitalized and country B financial sector

is well capitalized. First, I analyze the case where both financial sectors are well capitalized.

In this benchmark scenario, in equilibrium, there is perfect risk sharing as banks invest in

both sovereign bonds and have the same home bias.

Proposition 1. Financial sectors, when both well capitalized, have the same home bias in
equilibrium.

11The European periphery exhibited the following characteristics during the crisis: (i) risky sovereign debt,
(ii) firms heavily dependent on bank loans, (iii) little diversification of banks’ (public and private) lending,
(iv) unique currency, and (v) poorly capitalized banks.
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Figure 6: WW Equilibria. This figure illustrates two specific equilibria taken from the continuum of
equilibria in the WW region. The left panel illustrates a high home bias equilibrium. The right panel
illustrates a low home bias equilibrium.

By symmetry, both banks choose the same investment ki = k in the lending technology

and then allocate the same share αi = α of the remaining unit endowment to the domes-

tic government debt. There is a continuum of equilibria characterized by different levels of

banks’ home bias. The left panel of Figure 6 shows a high home bias equilibrium where both

financial sectors allocate the largest relative share of their government bond portfolio do-

mestically. This is the equilibrium observed in the data where, for the majority of countries,

domestic investors own the largest share of the public debt. The right panel shows the case

where both governments face a sizable foreign demand for their bonds. Crucially, quantities

and prices do not depend on the home bias which is indeterminate in equilibrium.

I obtain closed-form solutions using a simple square root function for the lending tech-

nology (f(k) =
√
k). With this simplification, the model yields intuitive expressions for

lending, government yields, and public debt.

ki
WW =

(1− τ)E(ǫ)

(1− τ)E(ǫ) + 2τE(λ)∆ǫ

Ri
WW =

1

2E(λ)

(

E(ǫ)(1 − τ)(E(ǫ)(1 − τ) + 2E(λ)τ∆ǫ)
)1/2

Di
WW =

2τE(λ)∆ǫ

E(ǫ)(1− τ) + 2τE(λ)∆ǫ

for all i ∈ I, where the WW subscripts refer to the case where both financial sectors are

well capitalized. Private lending is decreasing in the tax rate: as the tax base is exclusively

made by the payoff from the lending technology, a higher τ reduces the after-tax revenues

from private lending. However, in a world with higher taxes, banks tilt their portfolio
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toward government bonds. This is the intuition in Acharya and Rajan (2013) where the

government might use a “financial repression tax” to divert private sector investment from

lending to domestic public debt. In the two-country economy presented here the government

cannot control which bond market banks are going to invest in. In particular, it might

well be that they allocate all their sovereign debt portfolio non-domestically, making the

financial repression tax potentially useless. On the other hand, private lending is increasing

in government credit risk γ. With higher non-discretionary expenditures, the government is

forced to write-down a larger share of its debt in the bad state: ceteris paribus, government

debt becomes riskier and banks invest more in private lending. Higher γ also lowers the

government bond supply as investors realize that the sovereign default might be particularly

harsh. In equilibrium, yields are negatively affected by an increase in γ as the supply effect

is stronger than the demand effect.

3.4 Banks’ Portfolio Choice

Having analyzed the world with two well capitalized financial sectors (WW ), I now study

the economy when the limited liability constraint binds in the bad state for one or more

financial sectors. As discussed, undercapitalized banks develop a preference, within the

government debt portfolio, for domestic securities. These perform well in the good state and

poorly in the bad state, exactly when all revenues are used to pay the private debt L. As

shocks are uncorrelated across countries, this is not the case for foreign government bonds

as their payoff only depends on the performance of the foreign economy.12 In equilibrium,

an undercapitalized banking sector invests only domestically (α = 1), regardless of the

capitalization of the foreign banking sector.

Proposition 2. (Home Bias) An undercapitalized financial sector has perfect home bias
in equilibrium.

To understand the origin of this perfect home bias, I separately analyze the case where

both financial sectors are undercapitalized (UU) and the case where one financial sector is

undercapitalized and one is well capitalized (UW and WU).

Assumption 4. The lending technology has a square-root functional form f(k) =
√
k.

Similar to the benchmark case discussed in the previous subsection, I assume, without loss

of generality, a square root production function to get closed-form solutions. I also keep this

assumption going forward as exact expressions for quantities and prices provide intuition

12Section 4.2 analyzes an economy where country shocks are correlated.
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on the channels at work. First, suppose that the economy is in the UU case, where both

financial sectors are undercapitalized. Closed-form solutions are

ki
UU =

(1− τ)ǫH
(1− τ)ǫH + 2τ∆ǫ

Ri
UU =

1

2

(

(1− τ)ǫH((1− τ)ǫH + 2τ∆ǫ)
)1/2

Di
UU =

2τ∆ǫ

(1− τ)ǫH + 2τ∆ǫ

for all i ∈ I, where the UU subscripts indicate an economy where both countries have

undercapitalized banks. Similar to the WW equilibrium, private lending is decreasing in

the tax rate and increasing in sovereign risk γ. Government yields are also decreasing in γ.

Higher uncertainty (lower θ) reduces the supply of government debt as investors fear that

the government is more likely to default in the bad state. Interestingly, there is no effect of θ

on demand as banks now care only about the good state, regardless of its likelihood. Hence,

in equilibrium, sovereign yields decrease as θ increases.

I now turn to compare quantities and prices between the UU and WW equilibria. While

Proposition 1 showed that banks tilt, in the UU case, their government bond portfolio to-

wards domestic securities, the effect of poor capitalization on the choice between private

lending and government bonds is ambiguous, as both assets yield a high payoff in the good

state and a low payoff in the bad state. Intuitively, undercapitalized banks have an incentive

to gamble for resurrection and can do so using either private lending or government bonds.

The choice between the two depends on the respective payoffs: the security best suited to

risk-shift yields the highest payoff in the good state and lowest payoff in the bad state.

Corollary 1. (Crowding-Out) If γ > 1−θ, in an economy with undercapitalized domestic
banks (UU), governments have higher debt capacity, pay lower rates and banks reduce lending,
compared to an economy with well capitalized banks (WW).

The condition γ > 1− θ can be rewritten in terms of recovery value as λ < ǫL
ǫH
, i.e. the bond

recovery value has to be low enough to ensure that banks choose public debt to risk-shift.

By tilting their portfolio towards government bonds, banks crowd-out private lending. On

the other hand, if the domestic sovereign debt recovery value in the bad state is high enough,

undercapitalized banks reduce their investment in sovereign market to invest more in private

lending. In particular, we can rearrange the condition in Corollary 1 to write

γ > 1− θ ⇐⇒ λ <
ǫL
ǫH

⇐⇒
(
E(DomGovtBondWW )

E(PrivLendingWW )

)

<

(
E(DomGovtBondUU)

E(PrivLendingUU)

)
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The left hand side of the last inequality is the ratio of expected payoff from domestic govern-

ment bonds and private lending in the case a bank is well capitalized. The right hand side is

the same ratio in the case a bank is undercapitalized. The effect of banks’ portfolio choice on

prices and government debt capacity then arises in equilibrium. Undercapitalized banks buy

more domestic bonds reducing lending (kUU < kWW ), compared to well capitalized banks.

The resulting lower tax collection reduces the government debt capacity as investors fear

that the sovereign might be unable to repay them at t = 1. However, in equilibrium, the

high demand for bonds lowers government yields, offsetting the negative effect of lower tax

collection. Hence, a government with high levered domestic banks has higher debt capacity

(DUU > DWW ) and pays a lower interest rate (RUU < RWW ). Given that the general equi-

librium effect operates through prices, we can isolate a risk-shifting term η in the RUU price

as follows

RWW =
1

2

(
E(ǫ)

E(λ)
(1− τ)

(
E(ǫ)

E(λ)
(1− τ) + 2τ∆ǫ

))1/2

RUU =
1

2

(
E(ǫ)

E(λ)
η(1− τ)

(
E(ǫ)

E(λ)
η(1− τ) + 2τ∆ǫ

))1/2

where

η =
ǫHE(λ)

E(ǫ)

The term η > 0 represents the general equilibrium effect of the banks’ gamble for resurrection.

When η 6= 1, the portfolio choice of undercapitalized banks distorts government debt prices.

In particular, if η < 1, the government pays a lower interest rate on its debt thanks to the

higher domestic demand for its bonds.

Assumption 5: γ > 1− θ.

I assume now that the parameters correspond to the aforementioned crowding-out case and

solve the UW case, when country A has undercapitalized domestic banks and country B as

well capitalized domestic banks.13 Note that the WU case trivially follows by symmetry.

In equilibrium, both countries are, again, in financial autarky, but country A faces a higher

demand for its government bonds compared to country B. In the latter, banks invest less in

13η < 1 if and only if λ > 1− θ.
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public debt and more in the private lending technology. Equilibrium quantities and prices

are given by

RA
UW = RUU

RB
UW = RWW

kA
UW = kUU

kB
UW = kWW

DA
UW = DUU

DB
UW = DWW

There are two interesting results arising from this equilibrium. First, the undercapitalization

of one financial sector causes “perfect” home bias in the entire economy. The transmission

operates through prices: banks in country A gamble for resurrection investing in domestic

bonds lowering the corresponding government bond yield in equilibrium. Hence, well cap-

italized banks in country B also tilt their government bond portfolio domestically, as the

foreign yield is too low. Second, similar to the UU and WW cases, quantities and prices

only depend on domestic banks’ capitalization and the economy is in financial autarky.

Note that banks’ capitalization has up till now been vaguely defined based on whether

the limited liability constraint is binding in the bad state. The next subsection formalizes

this notion deriving endogenous debt thresholds.

3.5 Banks’ Capitalization

What determines whether a bank is undercapitalized or well capitalized? I here show that

there exist an endogenous debt threshold L such that, in equilibrium, a bank is well capi-

talized if L ≤ L and undercapitalized if L > L. To get some intuition, recall that a bank is

undercapitalized when the limited liability constraint binds in the bad state. In such case,

with perfect home bias, the financial sector generates revenues only from the lending tech-

nology and the non-defaulted portion of domestic sovereign debt. Hence, in equilibrium, the

payoff in the bad state of the world is

[(1− τ)ǫLf(k) + λL(1− k)(1 + r)− L]+

= [(1− τγ)f(k)− L]+
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Figure 7: Banks’ Capitalization and Equilibria. This figure shows the effect of banks’ capitalization
on the economy. The left panel shows the two regions W and U for country i ∈ I. The right panel maps
banks’ capitalizations to the equilibria in the economy: capitalization of financial sector A is on the x-axis
and capitalization of financial sector B is on the y-axis.

Proposition 3. There exist a threshold L
i
such that banks in i ∈ I are undercapitalized if

and only if Li > L
i
and well capitalized if and only if Li ≤ L

i
.

The left panel of Figure 7 shows the two regions identified by the threshold L
i
for a represen-

tative country. If the initial level of private debt is greater than the threshold (L > L
i
), the

limited liability constraint binds in the bad state. In this case, banks are undercapitalized

and solve (4). Similarly, if the initial level of debt is lower than the threshold (L ≤ L
i
), the

limited liability constraint does not bind in the bad state and banks, being well capitalized,

solve (2). The right panel of the figure maps the initial private debt level of the two countries

to the four regions. The x-axis (y-axis) shows country A (country B) capitalization and the

threshold private debt level. The four regions UU , UW , WU , and WW are then easily

characterized.

3.6 Recapitalizations and Welfare

Having solved the model in the four capitalization regions and discussed how the initial

private debt level Li determines in which region a bank is, I now ask which equilibrium

(i) is welfare maximizing and which equilibrium do (ii) banks and (iii) government prefer.

To build some intuition, I first consider the case where government spending is wasteful

and then allow public spending to enter in banks’ profits through a lump sum transfer. To

make welfare statements, I assume that banks’ equity and debt are held by a continuum

of domestic households. Since countries are, in each capitalization region, symmetric, there
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is no difference between what is welfare maximizing for countries, individually, and what is

welfare maximizing for the entire economy.14

Wasteful Spending In this simple framework, having well capitalized banks is always

efficient as

E(Π(kWW )) ≥ θΠH(kUU)

where the left hand side is welfare in the WW case and the right and side is the welfare

in the UU case. Nevertheless, financial sectors might still prefer the UU equilibrium if the

gains from having well capitalized financial banks are lower than the losses shifted to private

debt holders in the bad state. Banks prefer to be well capitalized if and only if

E(Π(kWW ))− θΠH(kUU) ≥ L(1− θ)

where the right hand side is the value of losses shifted to debtholders. The government also

faces a trade-off when comparing the two equilibria. Government total expenditure is the

sum of t = 0 debt issuance D and t = 1 tax collection minus repayment to bondholders.

The government prefers to have a well capitalized financial sector if and only if

DUU −DWW ≤ (1− θ)τ(ǫH − ǫL)(f(kWW )− f(kUU)) (7)

where the left hand side is the higher debt issuance in the UU case and the right and side is

the higher tax collection in theWW case. Better capitalized banks invest more in the lending

technology, boosting tax collection. On the other hand, poorly capitalized banks demand

more domestic debt, lowering yields and therefore increasing the equilibrium government

debt capacity. In other words, in order to pay lower yields and have a higher debt capacity,

a government must bear the cost of crowding-out private lending.15

14This will not be the case in Section 4.2, where I will characterize some asymmetric equilibria.
15The model can accommodate government myopia as in Acharya and Rajan (2013). In such case, gov-

ernment spending is D+ β(1− θ)τ(ǫH − ǫL)f(k), where β ∈ (0, 1) is the government discount factor. Hence,
governments prefer well capitalized domestic banks if and only ifDUU−DWW ≤ β(1−θ)τ(ǫH−ǫL)(f(kWW )−
f(kUU )). Hence, a myopic government is more likely to prefer undercapitalized domestic banks.
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Suppose now that governments are in charge of capital regulation, namely they can

choose the initial domestic private sector debt level L. If the above inequality holds, gov-

ernments might keep domestic banks undercapitalized so that they optimally act as buyers

of last resort for the home public debt.

Corollary 2. (Race-To-The-Bottom) While having well capitalized banks is always effi-
cient, governments prefer to have an undercapitalized domestic financial sector if and only
if (7) holds.

Non Wasteful Spending I now relax the assumption of wasteful government spending.

This creates a trade-off for the social planner and further links the model to the current

European policy debate.16 I assume that households get a fraction φ ∈ (0, 1) of total gov-

ernment spending G. In this case, equilibrium quantities and prices are unaffected and it is

socially optimal to have well capitalized banks if and only if

E(Π(kWW ))− θΠH(kUU) ≥ φ(GUU −GWW )

where φ is the fiscal multiplier.17 Hence, if the fiscal multiplier is φ ≥ φ, for some φ, it is

inefficient to have well capitalized banks. In such case, the higher tax collection originating

from a sound financial sector is offset by the benefit of higher government expenditure. In

this case, in addition to gains from risk-shifting, banks have another incentive to prefer a high

initial private debt level. The government trade-off illustrated in Corollary 2 is unaffected.18

4 Extensions

In this section, I discuss the assumptions made in the baseline model and relax them to get

additional results.

16For a discussion on whether an increase of spending would help the Eurozone, see Blanchard et al. (2014).
17See for a survey Hall (2009) for a survey.
18Alternatively, I can allow the government expenditure G to have a positive impact on productivity (See,

for example, Blanchard and Perotti (2002)) and model this channel by making the productivity parameter
a function of government spending G, with ǫ̃i(G) = ǫ̃(G), ǫ̃(0) = ǫ and ∂ǫ̃

∂G
> 0. Interestingly, the economy

displays now new, and asymmetric, equilibria. To gain intuition, suppose the economy is in the UU region,
banks in S invest only domestically, and banks in I invest in both countries. In the baseline economy, such
scenario was not an equilibrium as country S did not have enough tax collection to face domestic and foreign
demand for its bonds. However, once we allow productivity to depend on government expenditures, country
S has high equilibrium government expenditures G that increase the productivity of the domestic financial
sector. Tax collection therefore goes up raising the debt capacity to clear markets.
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4.1 Discussion of Assumptions

In the interest of tractability, I left private debt holders and price outside the model. This

is an important caveat as banks gambling for resurrection shift risk from equity holders to

private debt holders. We can think at the latter as depositors protected by an (unmodeled)

deposit insurance.19 Alternatively, in a world without deposit insurance, private debthold-

ers can be “sleepy” depositors in the spirit of Hanson et al. (2014), that shows how banks

liabilities, that are contractually short term, are in reality very stable.

In the baseline model, banks are not allowed to invest in the foreign private lending

technology. The next subsection shows that the main results hold as long as banks allocate

domestically a sufficiently large share of investment in the private technology. This pattern

is observed in data from the Euro periphery: according to BIS, domestic banks accounted,

in September 2014, for more than 60% of total lending to the non-financial sector in the

southern peripheral countries.20 In the model, a large fraction of lending technology in-

vestment allocated domestically ensures that the government defaults, because of scarce tax

collection, exactly when the domestic economy is in the bad state. Table C.1 in Appendix C

sheds some light, using data on credit risk exposures of major peripheral banks in December

2010, on whether sovereign and banks’ defaults are likely to happen at the same time.21

The table shows bank-exposure (i, j) pairs where EADij is the total credit risk exposure

(e.g., including private credit claims) of bank i vis-à-vis country j. Peripheral banks are

then ranked according to the EADij/Ei ratio where Ei is the market value of equity of

bank i. Only bank-exposure pairs where EADij/Ei > 1 are reported: 13 of the 26 pairs

are domestic exposures, i.e. where the country of incorporation of bank i is the same of

the country j which the bank is exposed to, suggesting that peripheral banks’ credit risk is

highly intertwined with the credit risk of the domestic sovereign.

The country-specific shocks are symmetric and uncorrelated in the baseline model. While

identical probabilities θi simplify the algebra and isolate the gambling-for-resurrection mo-

tive, such simplification comes with a loss of generality. The next subsection solves the

model with a riskless country, that, in equilibrium, can sustain a higher debt issuance at

lower rates and might attract foreign investors. The model is therefore flexible to also study,

for example, the linkages between the core and the periphery in the Eurozone. The solu-

19See, for example, Black et al. (1978) for a discussion of deposit insurance and bank risk-taking.
20The data source is the BIS Long Series on Total Credit and Domestic Bank Credit to the Private Non-

Financial Sector (publicly available quarterly data). The share of total lending to the private non-financial
sector, in September 2014, extended by domestic banks was 68.6% in Italy, 90.8% in Greece, 32.1% in Ireland,
72.6% in Italy, and 64.4% in Portugal.

21Data is from the December 2010 EBA Stress Test. For details on this dataset, see Appendix B.
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tion in the previous section also assumed uncorrelated country-level shocks. This strong

assumption is not crucial as the economic channels in the model are robust to non-perfectly

correlated country-level shocks. However, in the case where both countries are in the high

(low) state at the exact same time, the risk-shifting incentive cease to generate home bias in

the government bonds market.

The square-root functional form for the lending technology is assumed without loss of

generality so to obtain closed form solutions for prices and isolate the general equilibrium

effects of banks’ undercapitalization. All the results derived in the previous section still hold

with a generic functional form as long as continuous, strictly increasing, strictly concave,

and satisfying Inada conditions. Finally, I assumed that γ > 1− θ or, equivalently, that the

recovery value on government bonds is low enough, i.e. λ < ǫL
ǫH
. While empirical evidence

supports a low recovery value of government bonds compared private debt, the assumption

is key in generating the crowding-out effect illustrated in Corollary 1.22 In the following

subsection, I show that the model, when γ < 1 − θ, presents some equilibria with spillover

effects where the undercapitalization of domestic banks affects foreign demand for domestic

government bonds.

4.2 Extensions of the Baseline Model

In this subsection, I relax the five assumptions illustrated in Section 4. In this more general

environment, in addition to the financial autarky equilibria discussed in the baseline model,

the economy presents new equilibria where banks’ level of capitalization in one country affects

the other country.

Relaxing Assumption 1: Foreign Private Lending I now allow banks to invest in

domestic and foreign private lending technologies, in addition to the global sovereign bond

market. The left panel of Figure 8 shows the investment opportunities of a representative

bank in country i ∈ I. Similar to the baseline model, banks choose how to allocate the

unit endowment between the private lending technology (k > 0) and the government bond

market (1 − k). Moreover, banks now choose, within each asset class, the share that is

invested domestically, namely µ and α for the lending technology and the bond market,

respectively. The right panel of the figure shows the payoffs at t = 1, once uncertainty in

both countries is resolved.

22According to Moody’s (2014), the average value-weighted recovery rate on defaulted government bonds
is 26% compared to 38% of senior unsecured corporate issuers during the period 1983-2013. Issuer-weighted
averages are 49% and 37%, respectively.
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Figure 8: Economy with Access to a Foreign Private Lending. This figure replicates Figure 3 when
banks have also access to the foreign private lending technology. The left panel illustrates the investment
opportunities of the financial sector in countri i ∈ I, which can invest in (i) the domestic lending technology
f , (ii) the foreign lending technology f∗, (iii) domestic government bonds, and (iv) foreign government bonds.
The choice variables α and µ capture the home bias of the financial sector in the bond market and in the
private lending technology, respectively. The right panel shows the payoffs, after they are realized, at t = 1.

The proceeds from investing in private lending are taxed at the exogenous rate τ and

sovereigns use tax collection to repay bondholders. Should tax collection be lower than

payments due to bondholders, sovereigns default for liquidity reasons. This can happen in

two cases, depending on the share µ of private lending that is allocated domestically. In

the first case, default happens because the home economy is in the bad state and domestic

banks have invested a lot in the domestic lending technology (high µ). A low realization

of domestic private lending has a sizable impact on the tax base and, consequently, on the

sovereign ability to repay bondholders: the government is forced to default exactly when

banks realize low profits from private lending. This is the mechanism at work in the baseline

model as government default is positively correlated with the home state of the world. In the

second case, default happens because the foreign economy is in the bad state and domestic

banks have invested a lot in the foreign lending technology (low µ). Regardless of the

domestic state, a low realization of foreign private lending might cause a domestic sovereign

default. In other words, a sufficiently low µ breaks the positive correlation between banks’

revenues from private lending and domestic government bonds. With µ low enough, the

incentive of undercapitalized banks to gamble for resurrection vanishes.

Formally, banks in i ∈ I invest domestically if and only if

Ri ≥ Rj

(

1− 1U

(

1−
E(λj

H,sj)

E(λi
H,sj)

))
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where 1U is an indicator variable equal to one if banks are undercapitalized, λi
si,sj is the

recovery value of government i bonds when country i is in si state and country j is in sj state.

Since the two countries are identical, well capitalized banks (1U = 0) invest domestically if

and only if the home interest rate is greater than the foreign interest rate. On the other hand,

undercapitalized banks (1U = 1) have an incentive to tilt their government bond portfolio

towards the security that pays the most in the good state. Domestic government serve to

this purpose if and only if, in the good home state, their recovery value is higher than the

recovery value of foreign government bonds, i.e. if Ej(λj
H,sj

) < E
j(λi

H,sj), where expectations

are taken with respect to country j probability. If this is the case, undercapitalized banks

need to be compensated to hold foreign bonds and the intuition of the baseline model still

holds. Perhaps not surprisingly, the condition holds if the correlation between revenues from

domestic government bonds and private lending technology is high enough. Such correlation,

in turn, depends, as discussed, on the choice variable µ.23

Relaxing Assumption 2: Correlated Shocks I now assume that the two country-

specific shocks are correlated, with corr(ǫA, ǫB) = ρ. Keeping the marginal probabilities

unchanged in both countries, I can compute the following joint probabilities:

Prob(sA = H ∩ sB = H) = θ(1− (1− ρ)(1− θ))

Prob(sA = H ∩ sB = L) = (1− ρ)θ(1− θ)

Prob(sA = L ∩ sB = L) = (1− θ)(ρ+ (1− ρ)(1− θ))

where si ∈ S is the state of the world of country i ∈ I and Prob(sA = H ∩ sB = L) =

Prob(sA = L ∩ sB = H) by symmetry. Lemma 1 still holds as governments default in the

bad state only, when the tax base is not sufficient to repay bondholders.

Note that in theWW case, where both financial sector are well capitalized, only marginal

probabilities matter and the economy is therefore identical to the one developed in baseline

model. In particular, financial sectors invest in the domestic government bond market if

and only if R ≥ R∗. Nevertheless, the non-zero correlation affects the portfolio choice of

undercapitalized banks. Because of the binding limited liability constraint, these make in-

23Appendix A.2 derives the conditions needed for banks to have the gambling-for-resurrection incentive.
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vestment decisions to maximize the payoff in the good state of the world. Here, the domestic

government never defaults and bondholders get the high payoff R. The payoff, in the good

domestic state, of foreign government bonds crucially depends on the correlation coefficient.

In case ρ < 1, the foreign government might default in the domestic high state, introducing

the home bias discussed in the baseline model. However, if ρ = 1, the two governments

always default at the same time and banks’ problem is therefore unchanged from the WW

case. For a generic ρ ∈ [−1, 1), undercapitalized banks invest domestically if and only if

R ≥ (1− (1− ρ)(1− λ)(1− θ))R∗

where the term in parentheses is the required compensation needed by domestic undercapi-

talized banks to hold foreign government bonds.

Relaxing Assumption 3: One Safe Country, One Risky Country I now assume that

the lending technology is risky in country A (θA ∈ (0, 1)) and riskless in country B (θB = 1).

The problem faced by banks in A is unchanged from the baseline model: Lemma 1 holds

and the government is forced to default on part of its debt in the bad state. On the other

hand, as there is no uncertainty, the government in B has always enough tax collection at

t = 1 to repay bondholders. In order to isolate the effect of the different shock probabilities

on the government bond market, I normalize country B production function so that banks

in the two countries get, in expectation, the same payoff from private lending.24

Note that there are only two states in the economy: the benchmark state where both

financial sectors are well capitalized (WW ) and the state where banks in A are undercapi-

talized and banks in B are well capitalized (UW ).25 As in the baseline model, when both

countries have well capitalized banks, there is perfect risk-sharing in equilibrium with finan-

cial sectors investing in both sovereigns. Yields are such that

E
A(λA)RA = RB

24Formally, ∆i = E
A(ǫ) − γǫLθ

A for i ∈ I. In other words, (i) an investment of kB in country B private
lending technology yields (1− τ)∆ǫf(k

B) with certainty at t = 1 and (ii) an investment of kA in country A

private lending technology yields (1 − τ)∆ǫf(k
A) in expectation at t = 1.

25Banks in B can only be well capitalized as their limited liability constraint never binds. As in Section 3.5,
I do not study the trivial case where the limited liability binds in every state of the world at t = 1.
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Figure 9: One Risky Country and One Safe Country. The left panel of this figure shows the
equilibria in an economy where country A is risky (θA ∈ (0, 1)) and country B is riskless (θB = 1). The left
panel shows the equilibria in the WW case and the right panel shows the unique equilibrium in the UW
case. Orange banks are undercapitalized and yellow banks are well capitalized.

where superscripts refer to countries. The risk-adjusted return on government bonds in the

two countries must be equal so that the risky country A needs to pay its bondholders more

than country B to remunerate them for the higher credit risk. Higher government yields in

A reduce the government debt capacity. In equilibrium, the riskless country has higher debt

capacity and attracts foreign investors, as shown by the left panel of Figure 9.

Suppose now that banks in A are undercapitalized. The unique equilibrium is illustrated

in the right panel of the figure. As in the baseline model, undercapitalization of one financial

sector generates financial autarky in the whole economy with both sovereigns facing only

domestic demand for their bonds. The riskless country still enjoys a higher debt capacity

and pays lower yields compared to the risky country.

Relaxing Assumption 4: Lending Technology with General Functional Form All

the results obtained in the previous section still holds with a generic functional functional

form for the lending technology. However, closed-form solutions cannot be obtained as

market clearing conditions in an autarky equilibrium are

1− k(R) = τf(k(R))∆ǫR
−1

Relaxing Assumption 5: γ < 1 − θ I now assume that the recovery value of govern-

ment bonds in the bad state is sufficiently high, namely γ < 1− θ or λ > ǫL(ǫH)
−1. Com-

pared to the baseline model, theWW equilibrium still features perfect risk sharing with both

governments facing, at the same interest rate, foreign and domestic demand for their bonds.

As the recovery value on government bonds λ increases (lower γ), banks invest more in the

relatively safer government bonds reducing private lending. Similarly, the UU equilibrium

is unchanged from the baseline model.

However, in the the case where one financial sector is well capitalized and one financial
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A B A B

BankA BankB BankA BankB

Figure 10: Two UW Equilibria (γ < 1 − θ case). This figure illustrates the two equilibria in the UW
region when γ < 1− θ. The left panel shows the financial autarky equilibrium and the right panel shows the
asymmetric equilibrium. Orange banks are undercapitalized and yellow banks are well capitalized.

sector is undercapitalized, the economy now has two equilibria, as shown in Figure 10 for

the UW case. The left panel illustrates the standard autarky equilibrium where the binding

limited liability induces undercapitalized banks in A to tilt their government bond portfolio

toward domestic securities. However, banks now invest more in the private lending technol-

ogy and less in the government bond market compared to the WW case. Seeking higher

payoff volatility, banks choose private lending as a tool to risk-shift, as domestic government

bonds are too safe for this purpose (λ > ǫH(ǫL)
−1). The government tax collection therefore

increases driven by a higher tax base. In equilibrium, the lower demand for bonds causes

interest rates to increase. The government has lower debt capacity and faces high interest

rates.

In addition to the standard autarky equilibrium, the economy can fall in an asymmetric

equilibrium where A faces both foreign and domestic demand for its bonds, illustrated in

the right panel of the figure. Sovereign A attracts foreign investors by offering them a high

interest rate, which can be sustained by the high domestic tax base. Interestingly, because

of poorly capitalized foreign banks, country B pays high interest rate and has lower debt

capacity, compared to the WW case. In particular

RUW,asy =
(

(RWW )2 + (RUU)
2
)1/2

5 Supporting Empirical Evidence

This section provides supporting empirical evidence for the mechanism proposed in the

model. I document that worse-capitalized banks increased the relative holdings of domestic

sovereign debt compared to better capitalized banks during the Euro crisis. Moreover, I

show that banks with revenues originating mainly from domestic activities (“local” banks)

also engaged in a similar behavior compared to banks with more revenues originating abroad

(“international” banks). In the remainder of this section I describe the dataset, show corre-
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lations consistent with the proposed channel, and discuss potential alternative explanations.

Data and Summary Statistics I construct a dataset using the European Banking Au-

thority (EBA) stress tests data and Bankscope.26 The EBA conducted eight stress tests

between October 2009 and June 2013 in order to “ensure the orderly functioning and in-

tegrity of financial markets and the stability of the financial system in the EU”. With the

exception of the first stress test, the Authority disclosed data on “Gross Direct Long Expo-

sures” of a sample of systemically important European banks.27 I merge the EBA sample

with Bankscope to obtain data on banks’ characteristcs. Table B.2 in the Appendix shows

the full list of EBA banks and the sample used in the analysis. I discard banks with three or

less EBA observations and the four Greek banks that participated at the first two and last

two stress tests only. The final sample consists of a panel of 61 banks from 20 countries. The

dataset comprises exposures of each bank vis-à-vis 30 sovereigns. Table 1 shows summary

statistics for the entire sample, as well as subsamples of peripheral and core banks.28 The

top panel shows total exposures to total, domestic, peripheral (GIIPS), and core govern-

ment bonds in tn e. Two differences between core and peripheral banks stand out from the

table. First, peripheral banks increased their holdings of domestic public debt from e0.32

tn in March 2010 to e0.47 tn in June 2013, driving the growth of total government bond

holdings from e0.39 tn to e0.57 tn during the same period. Findings are consistent with

Crosignani et al. (2015), that documents a seven-fold increase of domestic government bonds

by Portuguese banks during the crisis. During the same period holdings of domestic bonds

by core banks are approximately constant, rising only by 10% at the end of the sample.

Second, core banks halved their holdings of risky GIIPS debt from e0.25 tn in March 2010

to e0.12 tn in June 2013. On the other hand, driven by domestic bonds, peripheral banks’

exposure to risky debt increased from e0.32 tn to e0.47 tn. The bottom panel shows cross-

sectional averages of assets, tier 1 ratio, leverage, risk weighted assets, and short term debt.

Core banks are in average larger and better capitalized compared to peripheral banks.

Risk-shifting and Domestic Government Bond Holdings I now show evidence con-

sistent with the risk-shifting motive. The model has two clear empirical predictions: (i)

26Appendix B describes the dataset and its construction in great detail. Data and code are publicly
available on my webpage.

27Gross Direct Long Exposures are the “direct debt exposures to central and local governments.”
28GIIPS banks are headquarted in Italy, Spain, Portugal, and Ireland. Greek banks are dropped from the

sample since they we excluded from three consecutive stress tests. Core banks are headquartered in Austria,
Belgium, Germany, France, and Netherlands.
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Mar10 Dec10 Sep11 Dec11 Jun12 Dec12 Jun13

Peripheral Banks

Total 0.39 0.42 0.42 0.40 0.46 0.50 0.57
Domestic 0.29 0.34 0.33 0.32 0.37 0.40 0.45
GIIPS 0.32 0.36 0.35 0.33 0.39 0.41 0.47
Core 0.04 0.03 0.03 0.04 0.04 0.06 0.06

Core Banks

Total 1.03 0.99 0.94 0.87 0.92 0.96 0.97
Domestic 0.50 0.49 0.49 0.48 0.52 0.55 0.55
GIIPS 0.25 0.17 0.14 0.12 0.11 0.11 0.12
Core 0.65 0.70 0.70 0.65 0.71 0.75 0.75

2010 2011 2012 2013

Peripheral Banks

Total Assets 459.6 419.8 406.0 425.1
Tier 1 Ratio 8.7 8.9 11.2 12.1
Leverage 7.1 6.4 6.3 6.6
RWA 255.7 224.4 209.4 201.8
ST Debt 257.3 238.6 234.6 248.3

Core Banks

Total Assets 770.0 790.7 767.1 749.8
Tier 1 Ratio 10.1 12.7 12.3 13.6
Leverage 3.6 4.0 3.8 4.1
RWA 243.1 238.3 218.7 211.7
ST Debt 409.7 416.0 380.3 387.5

Table 1: Summary Statistics. Bond Holdings and Balance Sheet Characteristics. These tables
present summary statistics. The top panel shows total exposure of peripheral (Ireland, Italy, Spain, and
Portugal) and core (Austria, Belgium, Germany, France, and Netherlands) banks vis-à-vis total, domestic,
GIIPS, and core government bonds. Dates correspond to the EBA stress test dates and quantities are in tn
e. The bottom panel shows average total assets, tier 1 ratio, leverage, risk weighted assets, short term debt
for the two same subsamples from 2010 to 2013. Total assets, risk weighted assets, and short term debt are
in bn e. The source is Bankscope.
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worse-capitalized banks (in the W region) increase their holdings of government bonds com-

pared to better capitalized banks (in the U region) and (ii) geographically undiversified banks

(high µ) increase their holdings of government bonds compared to more geographically di-

versified banks (low µ). First, I measure capitalization with book leverage, defined as assets

divided by book value of equity, in 2010. Taking advantage of the heterogeneity in leverage

at the beginning of the sample, I divide peripheral banks in the top and bottom quartile

according to the level of leverage. The left panel of Figure 11 shows the evolution of home

bias, defined as domestic government bonds divided by total assets and normalized to 100

in March 2010, during the sample period. From March 2010 to June 2013, the home bias

of high leverage and low leverage banks increased by 115% and 55%, respectively. Second, I

measure geographical diversification using the Exposure at Default (EAD) to the domestic

economy divided by assets in December 2010. The third EBA stress test released the bank-

level EAD, that measures the total bank credit risk exposure vis-à-vis various countries. This

statistics is not limited to public debt and includes exposures to residential and commercial

real estate, corporations, and institutions. I define “local” and “international” banks in the

top and lower quartile according to the exposure at domestic default. The right panel of the

figure shows that local banks increased their holdings of domestic government bonds by 40%

more compared to international banks during the sample period.

Alternative Explanations I now discuss five alternative explanations for the accumula-

tion of domestic government bonds on the balance sheet of peripheral banks. These are (i)

regulatory arbitrage, (ii) moral suasion, (iii) redenomination risk, (iv) voluntary “financial

entanglement”, and (v) information advantage.

Many commentators attributed the increased domestic government bond holdings to

their zero capital requirement. In fact, risk weights for Euro denominated government bonds

is zero, making peripheral public debt a cheap way to buy risky securities and improve regu-

latory capital ratios.29 However, the empirical evidence from stress test data is inconsistent

with this motive as, under the regulatory arbitrage hypothesis, peripheral banks seeking to

buy risky securities should be indifferent between domestic bonds and GIIPS-non-domestic

bonds. However, holdings of GIIPS-non-domestic bonds by peripheral banks dropped be-

tween March 2010 and June 2013.

Under the moral suasion hypothesis, governments force domestic financial institutions to

29Under the Capital Requirement Directive (CRD), “exposures to Member States’ central governments
and central banks denominated and funded in the domestic currency of that central government and central
bank shall be assigned a risk weight of 0%.” (Directive 2006/48/EC, Annex VI, Part 1(4)). For a discussion
of the zero capital requirements regime in Europe, see Korte and Steffen (2014).
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Figure 11: Risk-shifting and Home Bias. This figure shows the evolution of home bias (normalized
at 100 in 2010Q1) of GIIPS banks from 2010Q1 to 2013Q2. Home bias is defined as exposure to domestic
government debt divided by total exposure to government debt. The left panel illustrates the evolution of
home bias for high leverage (red dashed line) and low leverage (solid blue line) banks. Leverage is book
value of equity divided by total assets. High leverage banks and low leverage banks are respectively the
top and bottom quartile of banks ordered by leverage. The right panel illustrates the increase in home
bias for geographically undiversified (red dashed line) and geographically diversified (solid blue line) banks.
Geographical diversification is the Total Exposure at Default (EAD) to foreign countries divided by total
assets as of 2010Q4. EAD is from the 2011 EBA Stress Test. “Local” and “International” banks are
respectively the top and bottom quartile of banks ordered by domestic EAD divided by Assets. Source:
Bankscope, European Banking Authority.

buy more domestic bonds when yields are high and demand for domestic public debt is low

(see Bo and Ivashina (2014), De Marco and Macchiavelli (2014)). In exchange, governments

might promise, for example, a more tolerant supervision. The evidence in this section is

consistent with moral suasion as long as the government financial repression is more effective

with high leverage banks. According to the model presented in this paper, this might be the

case as the government is likely to be more successful in repressing those banks that, for a

risk-shifting motive, already have an incentive to buy more domestic debt.

An additional motive that may drive bank behavior is the emergence of redenomination

risk, namely the risk that foreign sovereign debt might be redenominated in the foreign

currency in case of an Euro breakup. This channel is both difficult to isolate and ambiguous

in its implications. In particular, it is not clear whether redenomiation risk would make

foreign debt more or less attractive. For example, in case of Euro breakup, a peripheral

bank might be better off with foreign, say German, government bonds as it would benefit
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from the hypothetical currency appreciation.30

Under the voluntary “financial entanglement” hypothesis, weak banks are optimally

buying more domestic government bonds so that the government is more likely to bail them

out in case of default, in order to prevent a costly fire sale of their government bond portfolio.

My findings are consistent as long as both high leverage and geographically undiversified

banks are engaging in this behavior.

Under the information advantage hypothesis, domestic investors have a higher ability

to process information regarding the home sovereign and such advantage increases during

crises.31 If the greater ability to process information is positively correlated with leverage and

negatively correlated with geographical diversification, the empirical findings are consistent.

6 Conclusion

Financial sectors in Greece, Italy, Ireland, Portugal, and Spain experienced an increasing

home bias in government debt as sovereigns became riskier. I propose a model where highly

leveraged banks invest in domestic bonds because of the high correlation with their other

sources of revenues. Protected by limited liability, banks cut lending to invest in the relatively

more attractive domestic sovereign debt. Anticipating this mechanism, governments may

set low capital requirements to encourage risk-shifting, increasing their debt capacity, when

they most need to borrow. Governments may also trigger a “race to the bottom” in capital

regulation, bearing the cost distortion in the respective lending markets. The model can

rationalize, in the context of the Euro crisis, the increasing demand for domestic government

bonds in the periphery, the crowding out effect in private lending, and the hesitancy to re-

capitalize the financial sector. While I am unable to disentangle the different channels in play,

recent EBA stress test data support the proposed risk-shifting hypothesis as undercapitalized

banks have driven the purchases of domestic bonds.

30Related to this channel is Corradin and Rodriguez-Moreno (2015) that shows how Eurozone USD-
denominated sovereign bonds became substantially cheaper than euro-denominated bonds during the eu-
rozone crisis. The authors ascribe the mispricing to eligibility as collateral at the European Central bank of
Euro donominated bonds only.

31The role of information and home bias has been studied, among others, by Coval and Moskowitz (1999)
and Coval and Moskowitz (2011).
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Appendix

A Derivations and Proofs

This Section is devoted to derivations and proofs. Superscripts indicate countries and Figure A.1
illustrates the nine possible banks-sovereign “arrangements” in the economy.

A.1 Baseline Model

Proof of Lemma 1. Using (3) the payment due to bondholders at t = 1 is

DR = ∆ǫτf(k)

In the good state (s = H), tax collection (minus non-discretionary expenditure g) is greater than
payments due to bondholders if and only if

τf(k)(ǫH − γǫL) > ∆ǫτf(k)

ǫH > E(ǫ)

Hence, in the good state, the government is always able to fully repay bondholders. In the bad
state (s = L), tax collection (minus non-discretionary expenditure g) is greater than payments due
to bondholders if and only if

τf(k)ǫL(1− γ) > ∆ǫτf(k)

0 > θ(ǫH − ǫL)

Hence, in the bad state the government always defaults on part of its debt. The haircut λ is the
parameter such that tax collection equals the post-haircut payments due to bondholders

τǫLf(k)− g = λDR

λL = ǫL(1− γ)∆−1
ǫ

Proof of Proposition 1. From the maximization problem of the banking sector I get

k = f ′−1

(
E(λ)(αR + (1− α)R∗)

E(ǫ)(1− τ)

)

(A1a)

kLL = f ′−1

(
(αR + E(λ)(1− α)R∗)

ǫH(1− τ)

)

(A1b)

where the subscript LL indicates that the limited liability constraint binds in the bad state, i.e.
the banking sector solves (4).
First, I show that arrangements (h) and (i) are not candidate equilibria. Consider arrangement (h)
where both banks invest inB. Market clearing for country A is violated as kA > 0 (Inada condition).
Second, I show that arrangements (e) and (f) are not candidate equilibria. Consider arrangement
(e) where A banks invest only abroad and B banks invest in both sovereign bonds. It is easy to
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show that RB = RA and kB = kA. I then reach a contradiction since governments face different
demand for bonds, having the same debt capacity in equilibrium. Third, I show that arrangements
(c) and (d) are not candidate equilibria. Consider arrangement (c). Since, A banks invest in both
countries, it must be that RB = RA and kB = kA. I then reach a contradiction since governments
have the same debt capacity, but face different demands, in equilibrium. Fourth, I need to rule out
the degenerate arrangements where one banking sector does not hold any government bonds, hence
investing k = 1 in the lending technology. Suppose kA = 1. If financial sector B invests in both
types of government bonds, it must be that RA = RB. Hence, kB = 1 reaching a contradiction,
as both governments have a strictly positive debt capacity. Suppose country A faces zero demand
for its bonds. In equilibrium, it must be that RA = ∞ and RB = ∞ since RB ≥ RA. In that case
country B has zero debt capacity too. Finally, suppose that country B faces no demand for its
bonds. Similar to the case where A face no demand for its bonds, we reach a contradiction as both
interest rates are infinite. I now show that in equilibrium the two financial sectors must have the
same home bias (αi = α, for i = A,B). In each of the three candidate arrangements (a), (b), (g),
it must be that RB = RA and kB = kA. I need to show that countries have the same home bias
in arrangement (a). Market clearing conditions can be written as (αA + 1− αB)(1− k) = DA and
(αB + 1− αA)(1− k) = DB. We reach a contradiction unless αA = αB .

Closed-Form Solutions. Having shown that the candidate arrangements (a), (b), and (g) have
the same home bias αi = α, for i ∈ I, I now use a square root production function to get closed-form
solutions. The two (symmetric) market clearing conditions are therefore

1− k =
τ∆ǫ

√
k

R

Plugging in (A1a),

RWW =
1

2E(λ)

(

E(ǫ)(1− τ)(E(ǫ)(1 − τ) + 2E(λ)τ∆ǫ)
)1/2

(A2a)

kWW =
E(ǫ)(1− τ)

E(ǫ)(1− τ) + 2E(λ)τ∆ǫ
(A2b)

DWW =
2E(λ)τ∆ǫ

E(ǫ)(1− τ) + 2E(λ)τ∆ǫ
(A2c)

where the subscript WW indicates the capitalization level of the financial sector. Note that kWW ∈
(0, 1). It is also easy to show that ∂kWW

∂τ < 0 and ∂kWW

∂γ > 0.

Proof of Proposition 2. Note first that E(λ) < 1. First, I show that arrangements (a), (f), (e),
and (g) are not candidate equilibria when at least one banking sector risk-shifts. Arrangement (a):
in the UU case, in equilibrium it must be that RA > RB and RB > RA to have both financial sector
investing abroad. In the UW case, similarly, in equilibrium it must be that RB > RA and RB = RA.
Case WU is symmetric. In each of these three cases we reached a contradiction. Arrangement (g):
in the UU case, in equilibrium it must be that RA ≤ E(λ)RB ≤ E(λ)2RA. In the UW case in
equilibrium it must be that RA ≤ E(λ)RB ≤ E(λ)RA. Case WU is symmetric. In each of these
three cases we reached a contradiction. Arrangement (f): in the UU case, in equilibrium it must
be that RA = θRB. In the UW case in equilibrium it must be that RB ≤ E(λ)RA ≤ E(λ)2RB .
In the WU case in equilibrium it must be that RA = RB and RB < E(λ)RA . Arrangement (e)
follows by symmetry. The proof used in Proposition 1 can be used again to show that arrangements
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BankA BankB BankA BankB BankA BankB

type a type b type c

A B A B A B

BankA BankB BankA BankB BankA BankB

type d type e type f

A B A B A B

BankA BankB BankA BankB BankA BankB

type g type h type i

Figure A.1: Nine Candidate Arrangements. This figure illustrates the nine possible arrangements
between banks and governments in the economy. Note that the degenerate arrangements where a bank does
not invest in the bond markets are not included.

(h) and (i) are not candidate equilibria. Finally, arrangement (c) in UU and UW case is not an
equilibria as markets do not clear (RB > RA and kB < kA). In the WU case, arrangement (c) is a
viable equilibria only if γ < 1− θ. Finally, arrangement (b) is always an equilibrium as long as one
financial sector is undercapitalized. Equilibrium prices solve, in each country,

1− ki =
τ∆ǫf(k

i)

Ri

Proof of Corollary 1. From (A2a)-(A2c) and (A3a)-(A3c) the claim trivially follows.

Closed-Form Solutions. I get closed-form solutions using a square root production function.
From Proposition 2, when both financial sectors are undercapitalized, the economy has a unique
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“financial autarky” equilibrium where both financial sectors invest only domestically.

Ri
UU = RUU =

1

2

(

(1− τ)ǫH((1− τ)ǫH + 2τ∆ǫ)
)1/2

(A3a)

kiUU = kUU =
(1− τ)ǫH

(1− τ)ǫH + 2τ∆ǫ
(A3b)

Di
UU = DUU =

2τ∆ǫ

(1− τ)ǫH + 2τ∆ǫ
(A3c)

Note that kUU ∈ (0, 1) iff γ < (1 − θ) + (1 − τ + 2τθ)ǫH(2τǫL)
−1. In the case where one financial

sector is undercapitalized and one financial sector is well capitalized the unique equilibrium:

RA
UW = RUU (A4a)

RB
UW = RWW (A4b)

kAUW = kUU (A4c)

kBUW = kWW (A4d)

DA
UW = DUU (A4e)

DB
UW = DWW (A4f)

Proof of Proposition 3. Define the banks’ payoff in the good state and in the bad state, with
perfect home bias, as follows:

Πhigh(k) = (1− τ)ǫHf(k) +R(1− k)

= ((1 − τ)ǫH + τ∆ǫ)f(k)

Πlow(k) = (1− τ)ǫLf(k) +Rλ(1− k)

= (1− τγ)f(k)

It is easy to show that Πlow(k̃) < Πhigh(k̃), for every k̃. Define the unconstrained problem

maxkE(Π(k))− L

with solution k∗ ∈ (0, 1) and the (limited liability) constrained problem

maxkθΠ
high(k)− Lθ

with solution k∗∗. Finally, let k be such that Πlow(k) = L. If the limited liability constraint does
not bind, banks solve the unconstrained problem. If the limited liability constraint binds, banks
solve the the constrained problem. There are four cases: (i) if k∗ ≥ k and k∗∗ ≥ k, the solution is
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k∗ as

E(Π(k∗))− L = θΠhigh(k∗)− Lθ + (1− θ)Πlow(k∗)− L(1− θ)

≥ θΠhigh(k∗∗)− Lθ + (1− θ)Πlow(k∗)− L(1− θ)

≥ θΠhigh(k∗∗)− Lθ

(ii) if k∗ ≤ k and k∗∗ ≤ k, the solution is k∗∗ as

θΠhigh(k∗∗)− Lθ = θΠhigh(k∗)− Lθ

≥ θΠhigh(k∗)− Lθ + (1− θ)Πlow(k∗)− L(1− θ)

≥ E(Π(k∗))− L

(iii) if k∗ ≥ k and k∗∗ ≤ k, the solution is k∗ as

E(Π(k∗))− L ≥ θΠhigh(k∗)− Lθ + (1− θ)Πlow(k∗)− L(1− θ)

≥ θΠhigh(k∗∗)− Lθ + (1− θ)Πlow(k∗)− L(1− θ)

≥ θΠhigh(k∗∗)− Lθ

(iv) if k∗ ≤ k and k∗∗ ≥ k, the solution is k∗∗ as

θΠhigh(k∗∗)−Lθ + (1− θ)Πhigh(k∗∗)− L(1− θ)

≥ θΠhigh(k∗∗)− Lθ + (1− θ)Πhigh(k∗)− L(1− θ)

≥ θΠhigh(k∗∗)− Lθ

≥ θΠhigh(k∗)− Lθ

as k∗∗ ≥ k∗. Hence, the solution to the banks’ portfolio problem is k∗ if k∗ ≥ k and k∗∗ if k∗ < k.

We can then obtain the threshold debt level L such that L = (1 − τγ)
(
kWW

)1/2
. If L ≤ L, the

banks are unconstrained and if L > L banks are constrained.

A.2 Extensions

This subsection provides derivations and proofs with reference to Section 4.2.

Relaxing Assumption 1: Foreign Private Lending Let µ ∈ (0, 1) be the fraction of
investment in the private lending technology that is allocated domestically. Since the two lending
technologies are identical, banks are indifferent whether investing in domestic or foreign private
lending and tax collection in state s ∈ S is τf(k)(ǫs(µ)

1/2 + E(ǫ)(1− µ)1/2).
Let λi

si,sj
be the recovery value on government bonds of country i when country i is in state si ∈ S

and country j is sj ∈ S (i 6= j). By construction, λi
si,sj

is such that

DiRiλi
si,sj = (ǫsi(µ

i)1/2 + ǫsj(1− µi)1/2)τf(k)− g

λi
si,sj =

ǫsi(µ
i)1/2 + ǫsj(1− µi)1/2 − γǫL

E(ǫ)((µi)1/2 + (ǫ)(1 − µi)1/2)− γǫL
∀si, sj ∈ S
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It is then trivial to show that (i) if si = sj = H there is never default, (ii) if si = H and sj = L

there is no default if and only if µ ≥ µ , (iii) if si = L and sj = H there is no default if and only if
µ ≤ µ, (iv) if si = sj = L there is always default, where µ is such that (1− θ)(µ)1/2 = θ(1− µ)1/2

and µ is such that θ(µ)1/2 = (1− θ)(1− µ)1/2.
We can then solve for the expected recovery value of domestic and foreign government bonds at
t = 0.

E(λi
H,sj) = θ + (1− θ)(1− 1µi≤µ(1− λi

H,L))

E(λi
L,sj) = θ(1− 1µi>µ(1− λi

L,H)) + (1− θ)λi
L,L

E(λj
H,sj

) = θ + (1− θ)(1− 1µj>µ(1− λ
j
H,L))

E(λj
L,sj

) = θ(1− 1µj≥µ(1− λ
j
L,H)) + (1− θ)λi

L,L

One can show that E(λi
H,sj

) > E(λi
L,sj

) and E(λj
H,sj

) > E(λj
L,sj

), implying that the payoff in the
domestic bad state of the world is still dominated by the payoff in the good state. When well
capitalized banks invest domestically if

R ≥ R∗

When undercapitalized banks invest domestcailly if and only if

R ≥
(

E(λj
H,j)

E(λi
H,j)

)

R∗

where
E(λj

H,j
)

E(λi
H,j

)
< 1 if and only if µi ≥ µ and µj ≥ µ.

Relaxing Assumption 2: Correlated Shocks Assume that corr(ǫA, ǫB) = ρ. Lemma 1
holds (λ is unchanged from the baseline model). Hence, the probabilities in the four states of the
world are

Prob(sA = H ∩ sB = H) = θ(1− (1− ρ)(1 − θ))

Prob(sA = H ∩ sB = L) = Prob(sA = L ∩ sB = H) = (1− ρ)θ(1− θ)

Prob(sA = L ∩ sB = L) = (1− θ)(ρ+ (1− ρ)(1− θ))

Consider country A (B follows by symmetry). Domestic government bonds pay R in the good state
and λR in the bad state. Foreign government bonds pay (1 − (1 − ρ)(1 − θ)) + λ(1 − ρ)(1 − θ) in
the good state and θ(1 − ρ) + λ(ρ + (1 − ρ)(1 − θ)) in the bad state where I used the following
conditional probabilities

Prob(sB = L | sA = H) = (1− ρ)(1 − θ)

Prob(sB = H | sA = H) = 1− (1− ρ)(1− θ)

Prob(sB = L | sA = L) = ρ+ (1− ρ)(1 − θ)

Prob(sB = H | sA = L) = θ(1− ρ)
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In the W case banks invest domestically if and only if R ≥ R∗. In the U case, banks invest
domestically if and only if

R ≥ R∗(1− (1− λ)(1− ρ)(1− θ))

Relaxing Assumption 3: One Safe Country, One Risky Country Assume now that
θA < 1 and θB = 1. Moreover, assume that ∆i

ǫ = θA + (1 − θA − γ) for i ∈ I. In other words,
an investment of y in country A lending technology yields, in expectation, the same in country B

lending technology. The two government debt capacities are

DiRi = τf(ki)∆ǫ

Lemma 1 holds for country A as in the bad state it partially defaults (haircut λA). Country B is
riskless and never defaults: its banks are always well capitalized as there is no uncertainty. The
banking sector optimal investment kB is given by

kB =

(
(1− τ)EA(ǫ)

2(αRB + (1− α)RAEA(λA))

)2

In the WW case, countries invest in A’s debt if and only if RA
E
A(λA) ≥ RB . The only possible

arrangement is therefore (a) where both countries face a strictly positive demand for their own
debt.32 Hence, RA

E
A(λA) = RB and kA = kB = k. From the two market clearing conditions, in

equilibrium, it must be that αA < αB , DB > DA, and RB < RA.
In the UW case banks in A invest domestically if and only if RA ≥ RB and banks in B invest

domestically if and only if RB ≥ E
A(λA)RA. We can discard arrangements (h) and (i) because

they would, as proved before, give a contradiction. Similarly arrangements (a), (e), (f), and (g)
are not candidate equilibria as there are no prices such that banks optimize in equilibrium. In
arrangement (c), RA = RB and kA > kB , and markets do not clear. Arrangement (d), if 1− θ > γ

is an equilibrium with kA ≥ kB and RA ≥ RB. Finally, the financial autarky equilibrium (b) is
characterized as usual.

Relaxing Assumption 4: Lending Technology with General Functional Form No
results in the paper rely on the square-root functional form, which is assumed without loss of
generality.

Relaxing Assumption 5: γ < 1 − θ Suppose the economy is in the UW state. The only
candidate arrangements are type b and c. Type b is an autarkic equilibrium with the following

32The arrangements where one country faces zero demand for its debt ((h) and (i)) are not candidate
equilibria as the interest rate on such country debt would go to infinite in equilibrium, attracting domestic
and foreign investors.
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quantities and prices.

RA
UW,aut = RUU (A5a)

RB
UW,aut = RWW (A5b)

kAUW,aut = kUU (A5c)

kBUW,aut = kWW (A5d)

DA
UW,aut = DUU (A5e)

DB
UW,aut = DWW (A5f)

where aut indicates “autarky”. In the asymmetric equilibrium or type c arrangement, we have

Ri
UW,asy = RUW,asy =

(

(RWW )2 + (RUU )
2
)1/2

kAUW,asy =

(
(1− τ)ǫH
2RUW,asy

)2

kBUW,aut =

(
(1− τ)E(ǫ)

2E(λ)RUW,asy

)2

αB
UW,asy =

2τ∆ǫ(1− τ)E(ǫ)

E(λ)ǫH(1− τ)(ǫH(1− τ) + 2τ∆ǫ) + 2τ∆ǫ(1− τ)E(ǫ)

DA
UW,asy = (1− kAUW,asy) + (1− αB

UW,asy)(1− kBUW,aut)

DB
UW,asy = αB

UW,asy(1− kBUW,aut)

where asy indicates that the equilibrium is asymmetric (the well capitalized financial sector invests
domestically and non-domestically).
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B Data Appendix

This section describes, in detail, the construction of the dataset used in the analysis of Section 5.
Data and code are publicly available at http://people.stern.nyu.edu/mcrosign/.

Data Sources I use two data sources: European Banking Authority (EBA) stress test data
and Bankscope. EBA data provides the country-level sovereign debt exposure of each bank at each
stress test date. For example, one can see what is the exposure of Santander to the Italian sovereign
in June 2013. Bankscope is used to get EBA sample banks’ balance sheet variables. The reported
exposures are the on-balance sheet exposures (accounting information) which are identified on an
immediate borrower basis (e.g., an exposure of 100 towards Country A, collateralized with bonds
issued by Country B, is reported on Country A but not on Country B)”. Moreover, central bank
deposits are not included so that the definition does not include exposures to counterparts (other
than sovereigns) with full or partial guarantees from central, local or regional governments.” Source:
Capital Buffers for Addressing Market Concerns Over Sovereign Exposures, 2011 EBA EU-Wide
Stress Test Methodological Note.

EBA data is publicly available at http://www.eba.europa.eu. As mentioned in the main
body of the paper, the EBA conducted eight stress tests between October 2009 and June 2013 in
order to “ensure the orderly functioning and integrity of financial markets and the stability of the
financial system in the EU”. The name of the stress tests changed through time: there were three
“EU-wide Stress Tests” (October 2009, March 2010, December 2010), three “Capital Exercises”
(September 2011, December 2011, June 2012), and two“Transparency Exercises” (December 2012,
June 2013). As the EBA did not disclose data on sovereign exposure on the October 2009 test,
I use the last seven stress tests for our analysis. The number of banks that participated in the
remaining seven stress tests are, respectively (i) 91, (ii) 90, (iii) 65, (iv) 61, (v) 61, (vi) 64, (vii) 64.
Each dataset was released in July 2010 (second stress test), July 2011 (third stress test), December
2011 (first Capital Exercise), October 2012 (second and third Capital Exercises), and December
2013 (Transparency Exercises). I use SNL Financial to get data on the second stress test and EBA
website for the last six stress tests. The EBA dataset is a panel (i, j, t), where i ∈ N is a financial
institution, j ∈ J is a country, and t ∈ T is a stress test date. Each observation is a “gross
direct long exposure” of bank i to country j at time t. According to the authority, “Sovereign
debt exposures for the purpose of the capital exercise are those towards the central, regional and
local governments of the European Economic Area (EEA) countries. (...) Central bank deposits
are not included. Furthermore, the definition does not include exposures to counterparts (other
than sovereigns) with full or partial guarantees from central, local or regional governments.”33

Gross exposures include direct and indirect sovereign exposures (i.e., on- and off-balance sheet) in
the trading and in the banking book. During the exercise, banks have been asked to assess the
valuation of their sovereign exposures according to market prices. The EBA has conducted this
assessment using publicly available data including bonds yields, sovereign by sovereign and maturity
by maturity, for a basket of government bonds. Some stress tests also disclosed the Exposure at

33EBA states that “the exposures to be reported arise from immediate borrower basis (e.g. an exposure of
100 towards Country A, collateralised with bonds issued by Country B, is reported on Country A but not on
Country B) and do not include exposures to other counterparts with full or partial government guarantees.
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Default (EAD) of bank i to country j at time t. The EAD measures the total credit risk exposure,
including private credit. I use the December 2010 stress test EAD to classify banks according to
their international diversification.

I use Bankscope to get data on Total Assets, Tier 1 Ratio, Risk Weighted Assets (RWA),
Leverage, and Deposits.

Sample Construction Table B.2 shows the sample of banks that were stressed by the EBA.
For each bank, the third column shows the country of incorporation and the fourth column shows
the number of observations. Columns (5)-(11) illustrate whether the bank-time observation was
available in a specific stress test date t ∈ T for a specific bank i ∈ N . I discard banks with three or
less stress test observations and the four Greek banks that have been subject to only the first two
and the last two stress tests, shrinking the sample to 61 banks in 20 countries (selected banks are
labeled with a check-mark in the last column and the last line sums all selected observations for each
stress test date). For bank-period pair (i, t), EBA provides data on exposures to selected countries
j ∈ J .34 I further partition countries (both countries of banks’ incorporation and countries j ∈ J )
in three different categories: (i) Core (Austria, Belgium, France, Germany, and Netherlands) and
(ii) GIIPS (Italy, Ireland, Portugal, and Spain). I am able to match all banks to Bankscope,
even though few have them have some missing datapoints.35 The match with Bankscope is done
manually, using bank names. I match stress-test dates with Bankscope end-of-the year dates as
follows: 31-Mar-10 matched to 2009 Bankscope; 31-Dec-10 matched to 2010 Bankscope; 30-Sep-
11, 31-Dec-11, 30-Jun-12 matched to 2011 Bankscope; 31-Dec-12 and 30-Jun-13 matched to 2012
Bankscope.

Hence, the final dataset is made of triples (i, j, t), where i ∈ N (sample of 61 Bankscope-EBA
matched banks), j ∈ J (the sample of 30 selected countries which the EBA reports the bank-level
exposure to), and t ∈ T (sample of 7 EBA stress-tests dates). Moreover, for each (i, t) pair, there
is a corresponding total asset, tier 1 ratio, risk weighted assets (RWA), leverage, and deposits from
Bankscope, and bank country of incorporation from EBA.

34I select the following countries j ∈ J : Belgium, Bulgaria, Cyprus, Czech Republic, Germany, Denmark,
France, Estonia, Spain, Finland, United Kingdom, Greece, Hungary, Ireland, Iceland, Italy, Liechtenstein,
Lithuania, Luxembourg, Latvia, Malta, Netherlands, Norway, Poland, Portugal, Romania, Sweden, Slovenia,
Slovakia.

35Banks with four or more missing observations are Cyprus Popular Bank (missing 2012 and 2013 data),
WGZ-Bank (missing Tier 1 Ratio and RWA in 2006-07, BPCE (missing 2006-07 data and majority of Tier
1 Ratio and RWA observations), Credit Agricole (missing RWA from 2006-07, Banque et Caisse d’Epargne
de l’Etat Luxembourg (missing 2006 data and majority of Tier 1 Ratio and RWA observations), SNS Reaal
(missing majority of Tier 1 Ratio and RWA observations), and ABN AMRO (missing 2006-08 data and
majority of Tier 1 Ratio and RWA observations).
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EBA

ID
Bank Name Country N Stress Tests Capital Exerc. Transp. Exerc.

Mar10 Dec10 Sep11 Dec11 Jun12 Dec12 Jun13
AT001 Erste Group Bank AT 7 x x x x x x x X

AT002 Raiffeisen Zentralbank
Osterreich

AT 7 x x x x x x x X

AT003 Oesterreichische
Volksbanken

AT 2 x x

BE004 Dexia BE 3 x x x
BE005 KBC Bank BE 7 x x x x x x x X

CY006 Cyprus Popular Bank CY 5 x x x x x X

CY007 Bank of Cyprus CY 7 x x x x x x x X

DK008 Danske Bank DK 7 x x x x x x x X

DK009 Jyske Bank DK 7 x x x x x x x X

DK010 Sydbank DK 7 x x x x x x x X

DK011 Nykredit DK 6 x x x x x x X

FI012 OP-Pohjola Group FI 7 x x x x x x x X

FR013 BNP Paribas FR 7 x x x x x x x X

FR014 Credit Agricole FR 7 x x x x x x x X

FR015 BPCE FR 7 x x x x x x x X

FR016 Societe General FR 7 x x x x x x x X

DE017 Deutsche Bank DE 7 x x x x x x x X

DE018 Commerzbank DE 7 x x x x x x x X

DE019 Landesbank
Baden-Wurttemberg

DE 7 x x x x x x x X

DE020 DZ Bank DE 7 x x x x x x x X

DE021 Bayerische Landesbank DE 7 x x x x x x x X

DE022 Norddeutsche DE 7 x x x x x x x X

Landesbank
DE023 HRE Holding DE 7 x x x x x x x X

DE024 WestLB DE 3 x x x
DE025 HSH Nordbank DE 7 x x x x x x x X

na Deutsche Postbank DE 1 x
DE026 Helaba DE 6 x x x x x x X

DE027 Landesbank Berlin DE 7 x x x x x x x X

DE028 DekaBank DE 7 x x x x x x x X

DE029 WGZ Bank DE 7 x x x x x x x X

GR030 EFG Eurobank Ergasias GR 4 x x x x
GR031 National Bank of Greece GR 4 x x x x
GR032 Alpha Bank GR 4 x x x x
GR033 Piraeus Bank GR 4 x x x x
GR034 ATEbank GR 2 x x
GR035 TT Hellenic Postbank GR 2 x x
HU036 OTP Bank HU 7 x x x x x x x X

na FHB Jelzalogbank HU 1 x
IE037 Allied Irish Banks IE 7 x x x x x x x X

IE038 Bank of Ireland IE 7 x x x x x x x X

IE039 Irish Life and Permanent IE 6 x x x x x x X

IT040 Intesa Sanpaolo IT 7 x x x x x x x X

IT041 Unicredit IT 7 x x x x x x x X

IT042 Banca Monte Paschi IT 7 x x x x x x x X

Siena
IT043 Banco Popolare IT 7 x x x x x x x X

IT044 UBI Banca IT 7 x x x x x x x X

LU045 Banque et Caisse LU 7 x x x x x x x X

d’Epargne
na Banque Raiffeisen LU 1 x

MT046 Bank of Valletta MT 7 x x x x x x x X

NL047 ING Bank NL 7 x x x x x x x X

NL048 Rabobank NL 7 x x x x x x x X

NL049 ABN AMRO NL 7 x x x x x x x X

NL050 SNS Bank NL 7 x x x x x x x X

NO051 DNB NO 6 x x x x x x X

PL052 PKO Bank Polski PL 7 x x x x x x x X
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PT053 Caixa Geral de Depositos PT 7 x x x x x x x X

PT054 BCP PT 7 x x x x x x x X

PT055 ESFG PT 7 x x x x x x x X

PT056 Banco BPI PT 7 x x x x x x x X

SI057 NLB SI 7 x x x x x x x X

SI058 Nova KBM SI 6 x x x x x x X

ES059 Banco Santander ES 7 x x x x x x x X

ES060 BBVA ES 7 x x x x x x x X

ES061 Jupiter ES 3 x x x
ES062 Caixa ES 7 x x x x x x x X

ES063 Base ES 2 x x
ES064 Banco Popular Espanol ES 7 x x x x x x x X

ES065 Banco de Sabadell ES 2 x x
ES066 Diada ES 2 x x
ES067 Breogan ES 2 x x
ES068 Mare Nostrum ES 2 x x
ES069 Bankinter ES 2 x x
ES070 Espiga ES 2 x x
ES071 Banca Civica ES 2 x x
ES072 Ibercaja ES 2 x x
ES073 Unicaja ES 2 x x
ES074 Banco Pastor ES 2 x x
ES075 Bilbao Bizkaia Kutxa ES 2 x x
ES076 Unnim ES 2 x x
ES077 Kutxa ES 2 x x
ES078 Banco Grupo Cajatres ES 2 x x
ES079 Banca March ES 2 x x
ES080 Caja Vital Kutxa ES 2 x x
ES081 Caixa Ontinyent ES 2 x x
ES082 Colonya, Caixa de Pollena ES 2 x x
na Cajasur ES 1 x
na Caja Sol ES 1 x
na Banco Guipuzcoano ES 1 x

ES083 Bankia ES 1 x
SE084 Nordea SE 7 x x x x x x x X

SE085 SEB SE 7 x x x x x x x X

SE086 Svenska Handelsbanken SE 7 x x x x x x x X

SE087 Swedbank SE 7 x x x x x x x X

GB088 RBS GB 7 x x x x x x x X

GB089 HSBC GB 6 x x x x x x X

GB090 Barclays GB 7 x x x x x x x X

GB091 Lloyds Banking Group GB 7 x x x x x x x X

Total

X
56 60 61 61 61 60 60

Table B.2: Sample Banks. This table provides a list of all banks that took part in at least one of the
seven European Banking Authority (EBA) stress tests in the sample. The x symbol shows that EBA data
is available. The X symbol denotes a bank included in the final sample. I excluded banks with three or less
EBA observations and the four Greek banks that have been subject to only the first two and last two stress
tests.
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C Additional Tables

Bank Country GIIPS Bank Name Exposure to EAD (e m) EAD/E

GR EFG Eurobank Ergasias GR 53,005 47.0
GR Alpha Bank GR 46,171 18.1
IT Banca Monte Paschi Siena IT 205,347 15.6
ES Banco Popular Espanol ES 120,981 11.2
IT Banco Popolare IT 122,583 10.0
ES Caixa ES 259,731 8.7
IE Irish Life and Permanent IE 36,487 8.0
ES BBVA ES 378,707 7.3
IT Intesa Sanpaolo IT 418,126 6.8
IT Unicredit IT 382,176 5.4
IE Bank of Ireland IE 68,883 5.2
GR EFG Eurobank Ergasias PL 5,707 5.1
IE Bank of Ireland GB 64,743 4.9
IE Allied Irish Banks IE 85,923 4.6
GR EFG Eurobank Ergasias RO 4,552 4.0
ES Banco Santander ES 355,523 3.3
GR EFG Eurobank Ergasias BG 3,607 3.2
ES Banco Santander GB 292,735 2.7
GR EFG Eurobank Ergasias DE 2,801 2.5
IT Unicredit DE 151,948 2.1
GR Alpha Bank CY 4,848 1.9
IE Irish Life and Permanent GB 8,466 1.9
IE Allied Irish Banks GB 32,117 1.7
GR Alpha Bank RO 4,261 1.7
GR Alpha Bank GB 3,059 1.2
IT Unicredit AT 74,355 1.0

Table C.1: December 2010 Exposures at Default. The December 2010 EBA Stress Test disclosed
the Exposures at Default (EADs) of stressed banks. The results include exposures to institutions, corporate,
and real estate (commercial and residential). According to EBA, “banks have been requested to provide full
overview of their credit exposures as of 31 December 2010 [...].” The first and second column report the
banks’ country and name. The third column shows the country with respect to which the EAD is measured.
The last two columns report the EAD and the ratio EAD/Equity respectively. The table ranks the EBA
sample banks according to the EAD/E ratio and shows the aforementioned statistics for the subsample
of GIIPS banks that have a EAD/E ratio above 1. Highlighted rows correspond to exposure to domestic
country credit risk.
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D Additional Plots
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Figure D.1: Fact 1 and Fact 2 (Greece And Ireland). The top figure shows the share of sovereign
debt owned by domestic banks (solid orange line, primary axis, (%)) and the 5-Year USD denominated
sovereign CDS spread (dotted blue line, secondary axis, (%)) for Greece and Ireland. The bottom panel
shows holdings of domestic government bonds by domestic banks (dotted blue line, primary axis, tn e)
and domestic banks’ credit to the non-financial private sector (solid orange line, secondary axis, tn e)
for Greece and Ireland. Credit to non-financial entities includes credit to non-financial corporations (both
private-owned and public-owned), households, and non-profit institutions. Credit is mainly in form of loans
and debt securities. CDS spreads are from Bloomberg, data on credit to non-financial entities is from the
Bank for International Settlements (BIS), and government debt ownership data is from Arslanalp and Tsuda
(2012).
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