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Sovereign Risk and Bank Risk-Taking'
Anil Ari?

Abstract: In European countries recently hit by a sovereign debt crisis, the share of domestic sovereign
debt held by the national banking system has sharply increased, raising concerns about economic and
financial resilience, as well as policy design. This paper addresses these issues by analyzing the
banking equilibrium in a model with optimizing banks and depositors. Under-capitalized banks in
default-risky countries have an incentive to gamble on domestic sovereign bonds. The optimal reac-
tion by depositors to bank insolvency risk imposes discipline, but also leaves the economy susceptible
to self-fulfilling shifts in sentiments. In a bad equilibrium, sovereign risk shocks lead to a prolonged
period of financial fragility and a persistent drop in output. The model is quantified using Portuguese
data and generates similar dynamics to the observed behaviour of the Portuguese economy during the
debt crisis. Policy interventions face a trade-off between alleviating funding constraints and strength-
ening incentives to gamble. Liquidity provision to banks eliminates the good equilibrium when not
targeted. Targeted interventions have the capacity to eliminate adverse equilibria.

Keywords: Sovereign Debt Crises, Bank Risk-Taking, Financial Constraints.

Risque souverain et prise de risque des banques

Abstract : Dans les pays européens récemment frappés par une crise de la dette souveraine, la part
de la dette souveraine domestique détenue par le systeme bancaire national a fortement augmenté,
soulevant des inquiétudes quant a sa résilience économique et financiere, ainsi que sur le contenu de
la politique a mettre en ceuvre. Cet article étudie I’équilibre bancaire dans un modele ou les banques
et les déposants développent des stratégies d’optimisation. Les banques sous-capitalisées dans les
pays présentant un risque de défaut sont incitées a parier sur les obligations souveraines nationales.
La réaction optimale des déposants au risque d’insolvabilité des banques impose la discipline, mais
rend aussi I’économie sujette a des changements auto-réalisateurs de perception. Dans le mauvais
équilibre, les chocs de risque souverain conduisent a une longue période de fragilité financiere et
a une chute prolongée de la production. Le modele est calibré sur données portugaises et génere
une dynamique similaire au comportement observé de 1’économie portugaise lors de la crise de la
dette. Lors de leur intervention, les pouvoirs publics sont contraints de choisir entre I’allégement des
contraintes financieres et le renforcement des incitations a spéculer. La fourniture de liquidités aux
banques élimine le bon équilibre lorsqu’il n’est pas ciblé. Des interventions ciblées ont en revanche
la capacité d’éliminer les équilibres adverses.

Mots-clefs : crise de la dette souveraine, risque bancaire, contraintes financieres.
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1 Introduction

Since the eruption of the European debt crisis, the share of domestic sovereign debt held by the
national banking system has increased sharply in crisis-hit countries. This created a dangerous
nexus between the financial health of banks and sovereigns, and was associated with a rise in
bank funding costs and a decline in credit to the private sector[] The high exposure of banks
in crisis-hit countries to domestic sovereign debt is considered an important, if not the key,
source of instability in the recent European sovereign debt crisis (see e.g. |Acharya et al., |[2014a;
Brunnermeier et al., 2016} [Farhi and Tirole, [2016). The question is then: why have banks in
crisis-hit countries become so highly exposed to domestic sovereign debt?

In this paper, I address this question from a novel angle, calling attention to the interactions
between banks and depositors, each optimizing their portfolio strategies vis-a-vis the prospect
of a sovereign debt crisis. I develop my analysis by specifying a dynamic small open economy
model with financial intermediation and sovereign default risk. In the model, there are three
private agents: households, banks, and non-financial firms, and a government issuing default-
risky debt. Banks collect deposits from households and use these funds, along with their own
net worth, to purchase sovereign bonds and lend to firms in need of working capital.

First, I show that banks face an incentive to gamble on domestic sovereign debt, resulting
from the combination of limited liability and the anticipation of (quantitatively small) losses in
the event of sovereign default, that hit banks independently of their sovereign bond holdings.
These balance sheet losses reflect all costs that a domestic sovereign default can impose on
banks other than the direct impact of the haircuts on sovereign bonds. By way of example,
sovereign default usually leads to a deterioration in the value of illiquid assets, loss of access to
foreign financing needed to roll over debt and higher taxes.

The second and most important finding of the paper pertains to the interaction between the
optimal strategies of banks and depositors during the crisis. Banks optimally choose whether
to ‘gamble’ on domestic sovereign bonds by increasing their exposure to a level that would
leave them insolvent in the event of sovereign default. At the same time, depositors have an
incentive to assess and react to banks’ insolvency risk to the extent that deposit insurance is
incomplete and/or lacks credibilityﬂ This has two distinct effects: on the one hand, it imposes

market discipline on banks by reducing the temptation to gamble; on the other hand, unless

!See |Acharya and Steffen| (2015) regarding the rise in domestic sovereign debt holdings. Several studies
provide evidence on the adverse effects on bank lending, see e.g. |Acharya et al. (2014bl), Becker and Ivashina
(2014), De Marco| (2014)) and |Popov and Van Horen (2015). |Acharya and Steffen| (2012)) and |Acharya et al.
(2014al) show that exposure to risky sovereign debt is associated with an increase in funding costs. See also the
empirical evidence in section

2Deposit insurance schemes typically guarantee deposits only up to a limit (Demirguc-Kunt et al., 2008). In
real terms, depositor losses can take the form of a suspension of convertibility and a currency re-denomination
as well as an outright bail-in.



bank balance sheets are entirely transparent, it leaves the economy susceptible to self-fulfilling
shifts in sentiments. Expectations may then coordinate on a bad equilibrium where sovereign
default also causes a banking crisis. In this equilibrium, shocks to sovereign risk simultaneously
raise bank funding costs and drive banks to increase their purchases of domestic debt at the
expense of credit to the private sector.

The model provides a framework for policy assessment, drawing attention to the trade-off
between alleviating banks’ funding conditions and strengthening incentives to gamble, which
lies at the core of policy interventions in support of financial intermediaries. As a novel insight,
the model suggests that non-targeted liquidity provision to banks may actually eliminate the
good equilibrium when bank net worth is low. On the contrary, targeted interventions have the
capacity to overcome the trade-off and eliminate the bad equilibrium described above.

Optimal strategies of banks and depositors are sketched as follows. During a sovereign debt
crisis, banks may adopt either a ‘safe’ or a ‘gambling’ strategy. The safe strategy consists of
investing in a precautionary manner with the goal of remaining solvent even in the event of
a sovereign default. The gambling strategy consists of pursuing high exposure to sovereign
bonds, and leads to insolvency after sovereign default. Limited liability creates an important
asymmetry in the incentives to adopt either strategy. In particular, banks with low net worth
find the gambling strategy more attractive, for a well known reason: they have less skin in the
game. If the government does not default ex post, domestic sovereign bonds pay a high return
driven by the default-risk premium; if the government imposes a haircut on bond holders, banks
are shielded from the full consequences of the default by limited liability[]

There is a kink in households’ optimal deposit schedule due to the dependence of bank
solvency on deposit repayment obligations. In particular, above a threshold level of deposits,
households anticipate that banks will become insolvent in the event of sovereign default and
demand higher interest payments in compensation. This deters banks from following the gam-
bling strategy, since by doing so they experience an increase in their funding costs. Another
determinant of banks’ solvency prospects is their exposure to domestic sovereign debt. The
higher this exposure is, the lower the level of deposits at which banks become insolvent in case
of default. Increasing exposure thus translates into an inward shift of the deposit threshold.

Additionally, I assume that, realistically, depositors cannot directly observe sovereign expo-
sures. Banks are typically able to obscure the composition of their investment in a variety of

ways, including reliance on shell corporations and complex financial instruments[] Depositors

3] elaborate further on bank strategies in section In short, the optimal strategy is the one that
maximizes the bank’s value function while taking the behaviour of the other banks as given. For a strategy to
be implemented in equilibrium, no bank should have an incentive to deviate given that the other banks follow
this strategy.

4The level of deposits, on the other hand, is public information. Although banks may also raise funds through
less transparent methods, this has no impact on the repayment prospects of depositors due to their seniority.



form expectations about the strategy that a bank follows, and consistently assess its exposure
to sovereign debt. I refer to anticipations of a safe strategy as ‘good sentiments’, as opposed to
‘bad sentiments’ associated with anticipation of gambling. Since the gambling strategy revolves
around higher exposure, bad sentiments result in a tightening of the deposit threshold. Banks
strive to satisfy a solvency constraint under the safe strategy. Any shift to bad sentiments
further constrains their ability to raise funds and reduces the value of the safe strategy relative
to gambling. Bad sentiments may then become self-fulfilling when the tightening of the deposit
threshold makes it optimal for banks to adopt the gambling strategy.

I solve for a rational expectations equilibrium and find that the characterization of the
equilibrium outcome is contingent on bank net worth. With high net worth, banks adopt a
safe strategy regardless of the location of the deposit threshold and only positive sentiments
are confirmed in equilibrium. Conversely, only a gambling equilibrium may be sustained with
low net worth. Within an intermediate region of net worth, sentiments become self-fulfilling as
described above. I refer to this as the ‘multiplicity region’. Shocks to sovereign risk amplify the
impact of shifts in sentiments on bank funding costs, and thus expand the multiplicity region.

The safe and gambling equilibria give rise to significantly different paths of adjustment
to sovereign risk shocks. In a safe equilibrium, banks deleverage aggressively to satisfy their
solvency constraints, reducing both sovereign bond purchases and lending to firms. Bank
funding costs thus remain at the risk-free rate and net worth increases rapidly. The result is a
sharp, but short-lived recession where the financial soundness of the banking sector is preserved.
In a gambling equilibrium, banks increase their sovereign exposure rather than deleveraging.
This fosters a sovereign-bank nexus such that bank funding costs rise with domestic sovereign
bond yields and bank lending is crowded out by government bond purchases. High funding
costs hinder the rise in bank net worth in this equilibrium. Therefore, if bad sentiments persist,
the economy becomes stuck in a ‘gambling trap’ characterized by a prolonged period of financial
fragility and a persistent drop in output.

The model is quantified using aggregate macroeconomic and banking data for Portugal over
2010-2016. A comparative exercise is conducted by simulating the model under a series of
sovereign risk shocks that emulate Portuguese sovereign bond yields over the debt crisis. The
simulation places the Portuguese economy in the multiplicity region for a significant portion
of the crisis period. Simulated dynamics under bad sentiments (i.e. the gambling equilibrium)
match the observed behaviour of key financial variables in the Portuguese economy.

With regard to policy interventions, I show that non-targeted liquidity provision to the
banking sector, similar to the European Central Bank’s (ECB) longer-term refinancing opera-
tions (LTROs), is completely ineffective when the repayment of official debt takes precedence
over deposits. This is because households anticipate the dilution of their claims to bank rev-

enues in the event of insolvency, and optimally reduce their demand for deposits in a manner



that exactly offsets central bank liquidity.

If, on the other hand, deposits are perceived to take precedence, liquidity provision con-
stitutes an implicit transfer of insolvency risk from depositors to the central bank. Far from
assuading depositor concerns, this provides additional funding for banks to gamble with and
facilitates an increase in sovereign exposures until bank funding costs return to their pre-
intervention level. As a result, the intervention backfires by causing an upward shift of the
multiplicity region across bank net worth. This eliminates the safe equilibrium at low levels of
net worth, while making sentiments self-fulfilling at higher levels.

These adverse consequences are rooted in the inability of non-targeted interventions to
distinguish between banking strategies, which leads to a trade-off between alleviating bank
funding conditions and strengthening incentives to gamble. It is possible to overcome this
trade-off with a targeted intervention that provides liquidity conditional on bank leverage.
With the appropriate conditionality, targeted liquidity provision insulates the banking sector
from shifts in depositor sentiments, thereby eliminating the gambling equilibrium throughout
the multiplicity region.

These findings can be generalized to a wider set of policy instruments. On its own, deposit
insurance faces the same trade-off as non-targeted liquidity provision. A broad range of macro-
prudential policy instruments can be used in conjunction with deposit insurance to overcome
the trade-off, leading to a similar outcome as targeted liquidity provision. Specifically, this
outcome is implementable using regulatory constraints on bank liabilities or capital regulation

with a positive risk-weight on domestic sovereign bond holdings.

Relationship to the literature This paper is related to the literature on sovereign debt
and financial frictions. The strong positive relationship between sovereign risk and private
borrowing costs is well documented (see e.g. Acharya et al., 2014b; [Popov and Van Horen, [2015])
and incorporated in reduced form by several studies including Neumeyer and Perri (2005), |Uribe
and Yue (2006)), and |Corsetti et al.| (2013)). This paper builds upon a growing literature that
provides microfoundations for the aforementioned relationship by exploring the links between
sovereign default and the domestic banking sector.

The existing literature can be divided into two main strands according to the channel
of transmission. In the first strand, which includes Basu| (2010)), Gennaioli et al.| (2014]),
Sosa Padillal (2015) and Perez (2015), agency frictions constrain banks’ ability to leverageﬂ
Sovereign default tightens this constraint by weakening bank balance sheets and/or exacer-

bating frictions, forcing banks to deleverage and reduce financial intermediation. Bolton and

’Sosa Padillal (2015 depicts bank liabilities as a constant low. This leads to a similar transmission mechanism
as the studies with agency frictions since a haircut on sovereign bonds directly reduces the funds available for
intermediation. Brutti (2011]) and |[Perez| (2015)) also consider the effects of sovereign default on banks’ ability
to store liquidity. [Sandleris| (2014) considers the signalling effects of sovereign default.



Jeanne| (2011) and Bocola (2016]) show that the ex-ante anticipation of sovereign default is
sufficient to generate these effects, leading to a decline in sovereign bond purchases as well
as intermediation. Like Bocola (2016]), I take sovereign default risk as given and focus on its
transmission to the banking sector.

In the second strand, depositors in domestic banks are shielded from potential losses in the
event of sovereign default due to a variety of reasons, such as a bailout of the banking sector
in Brunnermeier et al. (2016) and Farhi and Tirole (2016)), deposit insurance in |Livshits and
Schoors| (2009) and a selective sovereign default in Broner et al. (2014). This undermines market
discipline such that banks respond to a rise in sovereign risk by increasing their domestic debt
purchases in order to take advantage of high yields.

The main contribution of this paper is to consider the interplay between the optimal strate-
gies of banks and depositors, and its implications for the propagation of sovereign risk. By re-
placing the respective assumptions in these strands with limited liability, limited transparency
of bank balance sheets and non-bond costs of domestic sovereign default, I develop a framework
with two possible equilibrium outcomes; a safe equilibrium which gives rise to a transmission
mechanism similar to the first strand, and a gambling equilibrium that resembles the second
strand.

Analysing the circumstances under which these equilibria arise yields two important insights.
First, strategic complementarities between the optimal responses of banks and depositors lead to
a region of bank net worth with multiple equilibria. This gives rise to multiple adjustment paths
to a given sovereign risk shock since the prevalent equilibrium at a given time period determines
future net worth and hence the possible equilibrium types in future periods. Second, policy
interventions have equilibrium-switching effects in addition to the within-equilibrium effects
considered in the previous literature. These effects are significant precisely because of the
considerable difference in the transmission of sovereign risk under the two equilibria.

A closely related paper is that of |Acharya et al.| (2014a). They also consider a framework
where banks face insolvency risk, but focus on the government’s bailout decision rather than
the strategic interactions between banks and depositors. This paper is also related to a recent
strand of research that considers the interplay between sovereign risk and financial fragility.
Cooper and Nikolov| (2013) analyse the interaction between self-fulfilling debt crises as in (Calvo
(1988) and Diamond and Dybvig (1983)) bank runs, whereas Leonello (2016) considers similar
interactions in a global games framework. Two different layers of strategic complementarities
are overlaid in these studies; one across sovereign debt-holders and another across depositors.
This paper instead focuses on strategic complementarities between the optimal responses of
banks and depositors to a sovereign debt crisis.

This paper draws from a rich literature on the repatriation of sovereign debt in open

economies. Merler and Pisani-Ferry| (2012)) document this in the context of the European



sovereign debt crisisff] Three alternative hypotheses have come to the fore as a potential ex-
planation. First, creditor discrimination theories suggest that sovereign risk drives a wedge
between the valuation of sovereign debt by domestic and foreign agents due to anticipated
discrimination in favour of the former during a default event (Broner et al. 2014)). Second,
moral suasion/financial repression theories suggest that governments in need of funding incen-
tivize or directly coerce domestic banks to purchase their debt (Chari et al., 2016). The third
hypothesis corresponds to the gambling mechanism considered here; under-capitalized banks
find default-risky domestic sovereign debt attractive for risk-shifting purposes, since its payoff
is positively correlated with their solvency prospects.

Brutti and Sauré (2016) find evidence in favour of creditor discrimination, while |Acharya
and Steffen| (2015), Battistini et al. (2014) and Altavilla et al. (2016]) lend support to both
moral suasion and risk-shifting theories. \De Marco and Macchiavelli (2016), Becker and Ivashina
(2014) and |Ongena et al (2016)) provide additional evidence for moral suasion['] It is important
to note that these channels are not mutually exclusive. In fact, a weak form of moral suasion,
whereby the government purposefully neglects to regulate against risky domestic sovereign bond
purchases, is conducive to gambling. |Uhligl (2014)), [Farhi and Tirole (2016) and |Crosignani
(2015) discuss the optimality of this from the domestic government’s perspectiveﬁ

Finally, this paper is related to two recent studies on the effects of central bank liquidity
provision in the context of the European sovereign debt crisis. [Drechsler et al.| (2016) show that
lender of last resort loans were mainly taken by under-capitalized banks and used for purchases
of risky sovereign debt. In a similar vein, Crosignani et al. (2016) show that Portuguese banks
used LTRO funds for domestic government bond purchases. In the gambling equilibrium of
this model, the consequences of (non-targeted) liquidity provision with a risk transfer are in

line with these findings.

Layout The paper is structured as follows: Section 2 presents the key stylized facts about
the European sovereign debt crisis. Section 3 describes the core mechanisms of the model in a
simplified, two-period framework. Section 4 presents the dynamic model. Section 5 describes
the propagation of sovereign risk shocks and considers the model’s fit to Portuguese data.

Section 6 conducts policy analysis. Section 7 concludes.

6See also fact 1 in the next section for further details.

TAcharya and Steffen| (2015) find evidence for gambling by showing that banks with high leverage and risk-
weighted assets and low Tier 1 capital have more exposure to risky sovereign debt, especially in countries hit
by the debt crisis. See also fact 2 in the next section.

8In the context of the Euro area, gambling is faciliated by the zero risk-weight attached in capital regulation
to sovereign bonds issued by all European Union member states (Bank for International Settlements| [2013)).



2 Facts

In this section, I present four key stylized facts about the European sovereign debt crisis and
the ensuing sovereign-bank nexus. I focus on five "periphery" countries, Greece, Ireland, Italy,
Portugal and Spain, which were hit by the crisis and contrast them with the "core" country,

Germany, as a benchmark.

Fact 1. In the periphery, the share of domestic sovereign debt held by the national banking

system has sharply increased.

Figure [I] shows that the yield spreads between sovereign bonds issued by the peripheral
countries and Germany (as a benchmark for safe assets) increase sharply after 2009 and peak
in 2012. Thereafter, the spreads decrease but remain higher than their pre-crisis levels. Con-
currently, there is an increase in the share of domestic government debt held by banks resident
in these countries. Fact 2 lends support to the notion that gambling on domestic sovereign

debt has played a role in this. In contrast, there is a decrease in the share of German sovereign
debt held by German banks.

Figure 1: Sovereign bond holdings and yield spreads
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Fact 2. Under-capitalized banks in the periphery have increased their exposure to domestic
sovereign debt while the exposures of banks with high capitalization in the periphery and

German banks have remained nearly constant.

The first panel of Figure 2| shows that the domestic sovereign debt exposure of under-
capitalized banks in the periphery has nearly doubled over 2010-2016, while that of capitalized
banks remained approximately constant at about 4%. This indicates a negative relationship
between bank capitalization and the change in domestic sovereign debt exposure in response
to the sovereign debt crisis/]

The second panel shows that under-capitalized German banks have a larger exposure to
their own government’s bonds compared to those with high capitalization. In contrast to the
periphery, however, the domestic exposures of German banks with low and high capitalization
do not follow a measurably different pattern. This is also true for their exposure to bonds issued
by the governments of peripheral countries, shown in the last panel, which are constant at a low
and nearly identical level. There is thus no apparent relationship between bank capitalization
and the change in exposure to domestic and periphery sovereign bonds for banks based in
Germany.

Together, these two findings lend support to the gambling mechanism which suggests that
under-capitalized banks based in default risky countries have a specific incentive to purchase
their own government’s debt. This is due to the combination of limited liability with the an-
ticipation of balance sheet losses independent to their sovereign bond holdings in the case of
their own government’s default. The latter aspect makes domestic sovereign bonds particularly
suitable for risk shifting, since they yield a high return in the states of nature where banks have
greater solvency prospectSEU]

Contrast this with a mechanism which suggests that the increase in domestic sovereign bond
purchases is driven solely by limited liability. Under the regulatory framework present in the
Euro area, sovereign bonds issued by all European Union member states carry zero risk-weight
in capital regulation (Bank for International Settlements, 2013)). Therefore, if limited liability
was the sole driving factor, under-capitalized German banks would also have an incentive to
purchase periphery sovereign debt. This would in turn lead to a negative relationship between
bank capitalization and periphery exposure in Germany, which is not observed in Figure 2 In
a similar vein, creditor discrimination effects where the expectation of selective default leads
to the repatriation of risky sovereign debt, would lead to an increase in domestic sovereign

exposure of periphery banks regardless of their capitalization. This is also not observed in

9For an empirical analysis, see Acharya and Steffen| (2015). They reach the same conclusion with a regression
that controls for bank and country characteristics.

10Tn the case of sovereign default, gambling banks do not internalize the complete extent of the haircut on
domestic sovereign bonds since they are protected by limited liability.



Figure 2]

Figure 2: Bank capitalization and sovereign exposures
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Note: Sovereign bond exposure refers to the share of sovereign bonds within total assets.
There is no data available for Greek banks. Low capitalization refers to banks with a Tier
1 Capital ratio below the first quartile in 2009. High capitalization refers to those above
the third quartile. Source: Bloomberg and the European Banking Authority.

Fact 3. In the periphery, the rise in domestic sovereign bond holdings by the national banking
sectors has coincided with a decline in domestic bank lending to the private non-financial

sector as well as a deterioration in private borrowing conditions.

Figure [3] shows that the volume of domestic sovereign bonds held by the national banking
sector has increased to varying degrees in the periphery, ranging from about 30% in Spain to
nearly double its initial amount in Ireland and Portugal. At the same time, credit to the private
sector by domestic banks decreased by up to 30% in each periphery country except for Italy
where it stagnated. Figure |4 shows that interest rates on loans to non-financial corporations
also increased at the peak of the debt crisis in 2011-2012, especially in Portugal and Greece.
Note also that the movement of bank lending and loan interest rates in opposite directions is
consistent with a decline in loan supply.

In Germany, on the other hand, banks reduced their holdings of both domestic and periphery
sovereign bonds, and slightly increased their lending to the private sector. There was also a
significant improvement in borrowing conditions faced by private non-financial corporations,

with a decline of over 200 basis points in loan interest rates between 2010-2016.

' The patterns in Figure [2| are also compatible with the moral suasion hypothesis under the condition that
risky governments can exert greater pressure on under-capitalized banks to purchase domestic sovereign debt.
Note that the gambling and moral suasion hypotheses are not mutually exclusive. In fact, a “weak” form
of moral suasion where the government neglects to regulate the domestic sovereign exposure of local banks is
conducive to gambling. The optimality of this from the risky government’s perspective is analysed by |Crosignani
(2015)), |[Farhi and Tirole| (2016]) and [Uhlig| (2014).
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A potential mechanism that can generate patterns similar to those present in Figures [3] and

is the crowding out of bank lending by domestic sovereign bond purchasesH

Figure 3: Bank lending
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Note: Sovereign bond holdings are attained using data from EU-wide stress tests and
transparency exercises. There is no data available for Greek banks. Domestic bank credit
to private non-financial sector refers to financial resources provided to the private non-
financial sector by domestic banks that establish a claim for repayment. Source: World
Bank and the European Banking Authority.

12For further empirical evidence on the effects of the sovereign debt crisis on credit to the private sector, see

‘Acharya et al.| (2014b), Becker and Ivashina (2014), De Marco| (2014)) and [Popov and Van Horen| (2015)).
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Figure 4: Loan interest rates
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Note: Loan interest rates refer to loans of all amounts by domestic banks to non-financial
corporations (new business). Source: ECB.

Fact 4. There is substantial co-movement between sovereign bond yield spreads and bank fund-

1ng costs in the periphery.

Figure |5 plots bank CDS spreads and deposit interest rates against sovereign bond yield
spreads. The CDS spreads co-move significantly with sovereign spreads in the periphery, consis-
tent with the notion of a sovereign-bank nexus where the solvency prospects of the government
and the banking sector are intertwinedm To a lesser extent, deposit interest rates also move
together with yield spreads, especially during the peak of the crisis in 2011-2012. A potential
explanation for this is that depositors expect a decline in the real value of their deposits in the
eventuality that the banking sector and domestic government are both in defaultE

In the next section, I show in a simple model that gambling on domestic sovereign debt can

arise as an equilibrium outcome when banks are under-capitalized. In this gambling equilibrium,

13 Acharya et al|(2014a) show that changes in sovereign CDS explain changes in bank even CDS after con-
trolling for aggregate and bank-level determinants of credit spreads.

14Note that this could take the form of a suspension of convertibility or a currency re-denomination as well
as an explicit bail-in.
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bank lending is crowded out by domestic sovereign bond purchases and bank funding costs are
positively correlated with domestic sovereign bond yields, consistent with the stylized facts

described here.

Figure 5: Bank funding costs
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Note: Deposit interest rates refer to time deposits of all agreed maturities and amounts
(new business). There is no available deposit interest rate data for Greece. Bank CDSD
spreads refer to the implied CDS spread measure in Bloomberg Source: Bloomberg, ECB,
OECD.

3 A two period model

I consider a stylized model of small open financial economy with three private agents: house-
holds, banks and non-financial firms, and a government issuing risky debt. Events unfold over
two time periods (see Figure @ for a graphical timeline). In the first period, banks collect
deposits from households and use these funds, along with their own net worth, for domestic
sovereign bonds purchases and working capital lending to non-financial firms, which in turn
produce the consumption good. In the second period, there are two possible states of nature
{h, z} which respectively reflect strong and weak fundamentals.

Borensztein and Panizza (2009) and Reinhart and Rogoff] (2009)) find that sovereign defaults

are often accompanied with banking crises while Yeyati and Panizzal (2011) attribute a large
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Figure 6: Timeline

Period 1 | Period 2
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portion of the output costs of default to anticipation effects that precede the default event
itself. Motivated by this empirical evidence, I focus on the financial interactions that take
place under sovereign default risk and abstain from an explicit treatment of the processes that
drive governments to default on their debt, which may include a range of economic and political
factors. Sovereign default occurs if fundamentals turn out to be weak (state z) with probability
P

Following sovereign default, there is a decline in the productivity of non-financial firms.
As a result, banks receive a low return from their lending to firms as well as their domestic
sovereign bond holdings under sovereign default. This reflects the spillover effects of domestic
sovereign default on bank balance sheets, which may arise due to a variety of reasons, including a
deterioration in the value of illiquid assets, loss of access to foreign financing and higher taxes['Y]
If banks are left with insufficient funds to pay the promised return to their depositors, they
become insolvent under limited liability and a haircut proportionate to their funding shortfall
is imposed on depositsﬂ

Banks’ solvency prospects after sovereign default are determined by the strategy they adopt

15See also Broner et al.|[(2014)), Bocola (2016) and Brunnermeier et al.| (2016)) for other studies which analyse
the financial effects of sovereign default without explicitly modelling the causes thereof.

16For other studies which rely on output costs of default, see e.g. (Cole and Kehoe| (2000), |Arellano| (2008)
and [Aguiar et al. (2015)).

1"The absence of risk-free assets among banks’ investment opportunities serves onlu to simplify the exposition.
Their inclusion would be completely inconsequential in this set up as purchasing a safe asset is either equivalent
to or less profitable than a reduction in deposits by the same amount.
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in the first period. The ‘safe strategy’ consists of investing in a precautionary manner that leaves
them solvent after sovereign default, whereas the ‘gambling strategy’ leads to insolvency. Banks
find it optimal to follow the strategy that maximizes their expected payoff.

A key friction in the model is the limited transparency of bank balance sheets. Specifically,
households can observe the amount of deposits collected by banks but not their exposure to
domestic sovereign bonds, which can be obscured through the use of shell corporations and/or
complex financial instruments. This leads to a two-way relationship between banks’ optimal
strategy and households’ optimal deposit schedule. When households anticipate that banks
follow a gambling strategy, their optimal deposit schedule changes in a manner that increases
banks’ incentives to gamble. Household expectations about bank risk-taking may then become
self-fulfilling.

Finally, before I explain these activities in more detail, it is convenient to describe some
notational conventions. Table 1 provides a list of variables and parameters. Bank deposits,
domestic sovereign bonds, loans to non-financial firms and safe assets, respectively labelled as
(d,b,1,d ), take the form of one-period discount bonds with prices ¢,¢% ¢',q .'* The recovery
rates of (d,b,1) under sovereign default are 6,6° 60" . An underbar denotes variables at the
state with sovereign default such that A is productivity under sovereign default. Aggregate
quantities, such as aggregate loans L, are in the upper case while lower case variables pertain

to an individual bank.

3.1 Agents and their optimal strategies
3.1.1 Government

In the first period, the government issues discount bonds b at a price ¢°. Sovereign bonds are
internationally traded and their marginal buyers are deep pocketed foreign investors. As such,

they are priced at their expected return
= 1-P+P ¢ (1)

where 6° € (0, 1) is their recovery rate and ¢ is the price of an international safe asset d with
perfectly elastic supply. In a monetary union setting, 1/¢ can be interpreted as the interest

rate set by the common central bank.

18This helps simplify the exposition without any actual impact on the model mechanisms.
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