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Abstract

This paper studies the effects of government guarantees on the interconnection between banking and
sovereign debt crises in a framework where both the banks and the government are fragile and the
credibility and feasibility of the guarantees are determined endogenously. The analysis delivers some new
results on the role of guarantees in the bank-sovereign nexus. First, guarantees emerge as a key channel
linking banks’ and sovereign stability, even in the absence of banks’ holdings of sovereign bonds. Second,
depending on the specific characteristics of the economy and the nature of banking crises, an increase
in the size of guarantees may be beneficial for the bank-sovereign nexus, in that it enhances financial
stability without undermining sovereign solvency.
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Non-Technical Summary

Public guarantees to financial institutions are considered to be an effective tool to prevent banking
crises and mitigate their negative effects. However, they have also been blamed for the large costs
they entail for the government providing them and, ultimately, for taxpayers. The recent Eurozone
crisis has contributed to renew the interest about the desirability and design of public intervention in
the banking sector, given that they proved to be an important channel feeding the negative spillovers
between banks’ and sovereign’s stability.

As the Irish crisis in 2008 has shown, the provision of guarantees may entail an actual and potentially
large disbursement for the government, to the point of threatening its solvency. The threat of a
sovereign default is not just bad per se, but it also introduces new types of risks associated with
guarantees designed to prevent banking crises. In particular, the deterioration of public finances
reduces the credibility of the guarantees and, thus their effectiveness in preventing instability in the
banking sector, with the consequence of magnifying the need and cost of public intervention. This
sequence of negative effects, where banks and sovereigns stability affect each other has been labelled
the bank-sovereign nexus and received increased attention by academics and policymakers in recent
years.

Are public guarantees a triggering factor for the vicious circle between banks and sovereigns? What
are the consequences of their introduction for banks' and sovereigns' stability? Is an increase in the
level of guarantees always associated with an increase in sovereign instability and, in turn, to reduced
credibility and effectiveness of the guarantees in preventing banking crises? Do guarantees interact
with other factors, such as the nature of crises, the prospects of the economy and the health of the
government, in determining the emergence of negative spillovers between banks’ and sovereign’s
stability?

This paper tackles these questions and provides new insights about the role that guarantees play for
the bank-sovereign nexus and their effects on both banks’ and sovereign’s stability. In the paper, |
develop a theoretical framework where both banks and sovereign are fragile in that they are exposed
to roll over risk and their ability to repay creditors depends on the realization of the state of the
domestic economy. Both banking and sovereign debt crises either are associated with very low
realization of the state of the economy or can be triggered by a coordination failure among creditors.

In this framework, guarantees to financial institutions play a key role for the emergence of banking
and sovereign debt crises and their interaction, as they link depositors' and sovereign creditors'
withdrawal decisions. This arises because the provision of the guarantees depends on the resources
available to the government, which in turn are determined by sovereign creditors' rollover decision,
and on the number of depositors running. The fewer investors roll over their investment in sovereign
bonds, the less the resources available to the government to pay the guarantees and so the lower the
repayment accrued by depositors. Symmetrically, the more depositors run, the larger the amount that
the government needs to transfer to the banking sector, with the consequence that the government's
budget is tighter, sovereign creditors' expected repayment is lower and the probability of a sovereign
default is higher. It is precisely this strategic complementarity between depositors’ and sovereign
creditors’ actions that sets the ground for the negative feedback loop between banks and their
sovereign, where the increase in the probability of a sovereign default, induced by the provision of the
guarantees, translates into reduced effectiveness of the guarantees in limiting instability in the banking
sector.
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The analysis in the paper provides a number of novel results about the effect of guarantees on the
banks-sovereign nexus. First, guarantees play a key role for the emergence of the bank-sovereign
nexus and they are an important channel for spillovers between banks and sovereign. Given this role,
interesting interactions are at play between the guarantees and banks’ holdings of sovereign bonds,
which have been so far considered as the main transmission channel in the bank-sovereign nexus.
This suggests that policies addressing the design of guarantee scheme and its funding are important in
limiting the complementarity between banks and sovereign fragility and should be designed together
with other policies tackling the spillovers between banking and sovereign debt crises.

Second, guarantees affect the probability of a banking crisis and a sovereign default in a non-trivial
way. By improving banks’ available resources, guarantees have a direct beneficial effect on financial
stability. However, by tightening the government’s budget constraint, they have a direct detrimental
effect on sovereign solvency. Besides these direct effects, guarantees also indirectly affect each
probability, because the likelihood of a banking crisis and that of a sovereign default affect one
another. By reducing the probability of a banking crisis, guarantees reduce the instances in which the
government transfers resources to the banking sector, thus improving sovereign stability.
Symmetrically, by increasing the probability of a sovereign default, and so limiting the amount of
resources available for public intervention, guarantees may become less credible, thus reducing banks'
stability. Whether guarantees are beneficial or detrimental for financial and sovereign stability, it
depends on which of these effects dominates.

An increase in the size of guarantees leads to a reduction in the probability of a banking crisis without
undermining sovereign solvency when the direct effect on banks’ stability is large. In this case, by
significantly reducing the probability of a banking crisis, guarantees reduce the instances in which the
government transfers resources to the banking sector, thus reducing the expected disbursement
associated with the guarantees and, as a result, improving sovereign stability. The analysis in the
paper suggests that such a result is more likely to emerge when the prospects for the economy are
good, the government has a sound budget and banking instability is due to liquidity problems rather
than solvency issues. In this respect, the analysis makes it possible to capture the cross-country
differences in the effects of the increase in support offered by the governments to their banking
sectors that emerged during the recent crisis and provides interesting insights into the variables that
may play a role in the bank-sovereign nexus.

Overall, the analysis in the paper contributes to the discussion about the desirability of a new
resolution framework and other policies aimed at limiting government support to banks, as well as the
one about a pan-European deposit insurance scheme.
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1 Introduction

Public guarantees to financial institutions are considered an effective tool for preventing banking crises and
mitigating their negative effects. However, they have also been criticized for the large costs they entail for
the government providing them and, ultimately, for taxpayers. The recent crisis has contributed to renewed
interest in the desirability and design of public intervention in the banking sector, given the massive use of
public funds and significant amendments to the existing guarantee schemes.

So far, the academic and policy debate (see Allen, Carletti, Goldstein and Leonello, 2015, for a survey)
has focused on the distortions of banks’ risk-taking associated with the provision of public guarantees: as
banks do not fully bear the costs of their potential failure, public guarantees induce them to take excessive
risks. As a consequence, the provision of guarantees, or even the mere announcement of their introduction,
may lead to an increase in the likelihood (and possibly also in the severity) of a crisis, and thus in the need
for and costs of public intervention.

While certainly important, the moral hazard problem induced by the guarantees is not the only form of
risk - and source of costs - associated with their provision. As the recent events during the euro area crisis
have shown, even in the absence of moral hazard considerations, the provision of guarantees may entail an
actual, and potentially large, disbursement for the government to the point of threatening the solvency of
the sovereign. The threat of a sovereign default is not just bad per se, but also introduces new types of
risks associated with guarantees designed to prevent banking crises. In particular, the deterioration of public
finances reduces the credibility of the guarantees and thus their effectiveness in preventing instability in the
banking sector, with the consequence of magnifying the need for and cost of public intervention.

The Irish crisis in 2008 offers a clear illustration of this chain of events and the role that government
guarantees played in triggering it. At the end of September 2008, the Irish Government announced the
introduction of blanket guarantees as a response to the increased instability in the domestic banking sector,
triggered by the failure of Lehman Brothers. This announcement led to an immediate increase in the
sovereign credit default swap (CDS) spread and then to a co-movement between bank and sovereign CDS in

the post-guarantee phase, as illustrated in Figure 1.
Insert Figure 1

This sequence of negative effects, where the banks’ and the sovereign’s stability affect each other, has been

labelled the bank-sovereign nexus and has received increased attention from academics and policymakers in
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recent years. In the academic literature, guarantees represent only one of the channels linking the stability
of banks and sovereigns and are not responsible for the entire feedback loop. These contributions mainly
focus on banks’ holdings of sovereign bonds and identify them as the main transmission channel of crises
between banks and their sovereign: banks’ bond holdings allow the distress of the sovereign to spread directly
to banks and, furthermore, by affecting the government’s decisions on bailouts and strategic defaults, they
indirectly determine the losses borne by domestic banks in the case of sovereign default (see for example
Acharya et al., 2014; Gennaioli et al., 2014 and 2015; and Faia, 2016). In this context, guarantees only play
an ancillary role. Understanding the role of public guarantees in triggering and shaping the bank-sovereign
nexus is, however, of paramount importance and has so far been overlooked both by the existing literature
on guarantees and by that on the bank-sovereign nexus.

Are public guarantees a factor in triggering the vicious circle between banks and sovereigns? What are
the consequences of their introduction for banks’ and sovereigns’ stability? Is an increase in the level of
guarantees always associated with an increase in sovereign instability and, in turn, with reduced credibility
and effectiveness of the guarantees in preventing banking crises? Do guarantees interact with other factors,
such as the nature of crises, the prospects for the economy and the health of the government, in determining
the emergence of negative spillovers between banks’ and the sovereign’s stability? These questions are also
important in light of the recent crisis, during which economies implementing similar measures to restore
financial stability differed significantly in terms of the impact that public intervention had on government
solvency. As illustrated in Figure 2, the case of Germany differed significantly from that of Ireland, described
above. In Germany neither the injection of funds into Hypo Real Estate Holding nor the approval by the
Parliament of the Act on the Establishment of a Financial-Market Stabilization Fund in October 2008 had
significant negative consequences for German public finances. While these interventions seemed effective in

reducing the instability in the financial industry, German Bund yields remained low.

Insert Figure 2

To analyze the role that government guarantees play in the bank-sovereign nexus, I develop a global game
model with a banking sector and a sovereign bond market, where both the banks and the government are
fragile in that they are exposed to rollover risk. This framework makes it possible to endogenously determine
the likelihood of a banking and a sovereign debt crisis, as well as the role that the provision and size of public

guarantees play for banks’ and the sovereign’s stability and their interaction.
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In the model, banks raise domestic consumers’ after-tax endowments and invest them in a risky invest-
ment, the return on which depends on the prospects for the domestic economy. Domestic consumers are
risk averse and derive their utility from both a private and a public good. The public good is provided by
the government at date 2. At date 0, the government raises resources from two sources. It taxes domestic
agents and issues bonds to foreign investors. All these resources are invested in a risky project, the return
on which also depends on the prospects for the domestic economy. At the interim date, each depositor and
investor receives an imperfect signal about the prospects for the domestic economy and, based on this signal,
they decide whether to run (if a depositor) and whether or not to roll over (if an investor). In taking this
decision, they compare the payoffs they would get from withdrawing at date 1 with those from rolling over
their investment until date 2.

In this framework, guarantees to financial institutions play a key role in the emergence of banking and
sovereign debt crises and their interaction, as they link depositors’ and investors’ withdrawal decisions and
are the source of strategic complementarity between depositors’ and sovereign creditors’ actions. This arises
because the provision of the guarantees depends on the resources available to the government, which in turn
are determined by sovereign creditors’ rollover decision, and on the number of depositors running. The fewer
investors roll over their investment in sovereign bonds, the less the resources available to the government
to pay the guarantees and so the lower the repayment accrued by depositors. Symmetrically, the more
depositors run, the larger the amount that the government needs to transfer to the banking sector, with the
consequence that the government’s budget is tighter, sovereign creditors’ expected repayment is lower and the
probability of a sovereign default is higher. It is precisely this strategic complementarity that sets the ground
for the negative feedback loop between banks and their sovereign, where the increase in the probability of
a sovereign default, induced by the provision of the guarantees, translates into reduced effectiveness of the
guarantees in limiting instability in the banking sector.

This result suggests a number of important observations about the contribution of the model and its
policy implications. First, guarantees play a key role in the emergence of the bank-sovereign nexus. This
suggests that policies addressing the design of guarantee schemes and their funding can play an important
role in mitigating the negative spillovers between banks and sovereigns. The analysis in the paper thus
contributes to the discussion about the desirability of a new resolution framework and other policies aimed
at limiting government support to banks, as well as that on a pan-European deposit insurance scheme.

Furthermore, extending the analysis to account for banks’ holdings of sovereign bonds shows that there are
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relevant interactions between guarantees and bond holdings to be taken into account when designing policies
to tackle the complementarity between banking and sovereign debt crises.

Second, guarantees affect the probability of a banking crisis and a sovereign default in a non-trivial
way. The standard view in the literature is that guarantees are beneficial for banks’ stability, as they
improve banks’ available resources and so lead to a reduction in the probability of a banking crisis, but are
detrimental for sovereign solvency, as they entail a disbursement for the government and lead to an increase
in the probability of a sovereign default. Besides these direct effects, guarantees also indirectly affect each
probability, because the likelihood of a banking crisis and that of a sovereign default affect one another.
By reducing the probability of a banking crisis, guarantees reduce the instances in which the government
transfers resources to the banking sector, thus improving sovereign stability. Symmetrically, by increasing
the probability of a sovereign default and so limiting the amount of resources available for public intervention,
guarantees may become less credible, thus reducing banks’ stability. These indirect effects would not emerge
in more standard frameworks without complementarity between banks’ and sovereign’s stability.

Third, since the direct and indirect effects work in opposite directions, the overall effect of the guarantees
on the bank-sovereign nexus can either be positive or negative. The former occurs when an increase in the
size of the guarantee scheme leads to such a significant reduction in the probability of a banking crisis that,
despite the increased disbursement for the government, the probability of a sovereign default also drops. This
positive feedback loop between banks and their sovereign induced by an increase in the level of guarantees is
not attainable in more standard models where the probabilities of crises are exogenous, independent of each
other and not affected by changes in the level of guarantees.

Lastly, the specific characteristics of the economy and the nature of crises play an important role in
determining the effect of guarantees on the bank-sovereign nexus. The analysis in the paper suggests that
when the prospects for the economy are good, the government has a sound budget and banking instability is
due to liquidity problems rather than solvency issues, an increase in the level of guarantees is more likely to
have a beneficial effect on the bank-sovereign nexus. In this respect, the theoretical model developed in the
paper makes it possible to capture the cross-country differences in the effects of the increase in support offered
by the governments to their banking sectors that emerged during the recent crisis and provides interesting
insights into the variables that may play a role in the bank-sovereign nexus.

The novelty of the paper is to analyze the effects of guarantees to financial institutions in a context where

the government’s budget is limited and both the banks and the government are fragile.
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The paper belongs to the large literature on public intervention in banking (see e.g., Allen, Carletti and
Leonello, 2011 for a survey) and challenges two crucial assumptions in this literature regarding the feasibility
and credibility of guarantees. In the traditional literature on guarantees (see e.g., Diamond and Dybvig,
1983; Cooper and Ross, 2002), it is assumed that governments always have a way to raise resources to finance
the intervention and that once guarantees are announced, banks’ creditors are sure to receive the guaranteed
amount. By contrast, in this paper neither the feasibility nor the credibility of the guarantees is taken for
granted, rather they are determined endogenously in the model. This is in line with what we observed during
the recent euro area crisis. When countries do not have the possibility to monetize the guarantees, they may
not be able to raise the resources they need to pay them by raising taxes and/or issuing bonds and, as a
result, the beneficiaries of the guarantees are no longer sure that they will receive the guaranteed amount.!

The paper also contributes to a new and growing literature on the bank-sovereign nexus. This literature
features the seminal contributions by Bolton and Jeanne (2011) and Gennaioli, Martin and Rossi (2014),
both developing a model where sovereign default negatively affects the stability of the banking sector. Among
the papers analyzing the feedback loop between banks and sovereign, the closest to my paper are Cooper
and Nikolov (2013), Acharya, Drechsler and Schnabl (2014) and Farhi and Tirole (2014).

There are significant differences between these three papers and mine. First, in my framework the
guarantees are the key channel linking bank’s and sovereign’s stability, while in all the above mentioned
papers, banks’ holding of domestic sovereign bonds represent the channel through which the deterioration
in the stability of the sovereign spills over to the banking sector. Second, in my model, both panic- and
fundamental-based banking and sovereign debt crises can occur and their probabilities are endogenous and
uniquely pinned down. This is an important difference as it allows to characterize the existence of a positive
feedback loop between banking and sovereign debt crises induced by an increase in the guarantees.

The importance of endogenizing crises probability and thus, the use of global games, to analyze guarantees
is also a central element in Allen, Carletti, Goldstein and Leonello (2017). In a model where the government
budget is exogeous and it has always enough resources to pay the guarantees, they focus on the effect
that guarantees have on the interaction between banks’ liquidity creation and the likelihood of runs. I
abstract from these aspects in their analysis, which makes it possible to focus on the issues related to the

feasibility and credibility of guarantees that are, instead, missing from their paper. Specifically, unlike their

IEven in the case of countries like United States and United Kingdom, where guarantees can be monetized, there are always
costs associated with this (inflation for example). Those costs represent a limit on the amount that the government can credibly
guarantee and, in turn, on the feasibility of the scheme.
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paper, I fully endogenize the government budget and allow the government to default. These are important
differences since they determine the need to explicitly account for the presence of a sovereign bond market
and to model sovereign default. Moreover, the presence of sovereign bond investors and guarantees introduces
another source of strategic complementarity in the model on top of the intra-group strategic complementarity
present in both models.

By deriving a two-sector model with two types of strategic complementarity, my model is in the spirit
of Goldstein (2005), who analyses the interaction between the probabilities of a banking and a currency
crisis based on the existence of strategic complementarity between depositors and investors. This paper is
different in two respects. First, it deals with a more involved framework, since depositors’ incentives to run
do not monotonically increase with the number of depositors running and of investors not rolling over the
investment in sovereign bonds. Second, it endogenizes agents’ payoffs, namely banks’ choice of the deposit
contract and the yields on the sovereign bonds.

Konig, Anand and Heinemann (2014) also analyze the bank-sovereign nexus using global games and show
that the credibility and effectiveness of the guarantees are intertwined with the sovereign funding risk. My
paper differs from theirs in two important respects. First, I endogenize the creditors’ payoffs and discuss
how they are affected by the guarantees. Second, by focusing on the case where the prospects for the banks
and those for the government are affected by the same variable, I deal with a richer set of possible outcomes
in terms of interdependence between banking and sovereign debt crises.

Lastly, the paper speaks to the literature on commitment and bailouts (e.g. Farhi and Tirole, 2012;
Keister, 2016). Those papers look at the ex post versus ex ante optimality of government intervention, its
effect on banks’ risk-taking and, hence, financial stability. The idea in these papers is that public intervention
distorts banks’ incentives to take risk and may not be desirable. This affects the credibility of the guarantees.
In my paper, the government fully commits to providing the guarantees and yet the guarantees still may not
be fully credible, as a consequence of the fact that their provision is not always feasible.

The paper proceeds as follows. Section 2 presents the model. Section 3 characterizes the equilibrium of
the model and highlights the role of guarantees in the bank-sovereign nexus. Section 4 solves for the optimal
deposit contract and the interest rate on sovereign bonds, thus highlighting the effect of guarantees on the
cost of debt for both the banks and the sovereign. Section 5 extends the baseline model in two directions:
it allows for banks’ holdings of sovereign bonds and discusses the role of austerity measures in reducing the

negative spillovers between banking and sovereign crises. Finally, Section 6 concludes. All proofs are in the
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Appendix.
2 The model

The model is a standard banking model, in the spirit of Goldstein and Pauzner (2005), augmented by a

government and a sovereign bond market.
2.1 The environment

Consider a three date economy (¢ = 0,1,2) with a banking sector and a sovereign bond market. In the
banking sector, there is a continuum [0, 1] of banks and a continuum [0, 1] of risk-averse domestic consumers
holding deposits in every bank. Consumers have to decide whether they want to withdraw their funds at
date 1 or to wait until date 2.

In the sovereign bond market, a continuum [0, 1] of risk-neutral foreign investors hold government bonds
and they have to decide whether or not to roll over their investment in sovereign bonds at date 1. As I will
explain in details below, all agents take their decisions after observing an imperfect signal about the growth
rate of the domestic economy Y, which is a uniformly distributed random variable with ¥ ~ U[0,1]. The
variable Y depicts the state of the domestic economy and positively affects both the prospects for the bank
and those for the government.

The banking sector

At date 0, each bank raises consumers’ after-tax endowments 1 — ¢ in exchange for a demandable deposit
contract (rpo, 7p1) and invests those funds in a risky technology. For each unit invested at date 0, the
investment returns one unit if liquidated at date 1 and a stochastic return R(Y') at date 2, with R’ (Y) >0
and Ey [R(Y)] > 1.

The banking sector is perfectly competitive, thus banks maximize depositors’ expected utility and make
zero profits. The deposit contract features a fixed repayment rpgg to depositors withdrawing at date 1 and
a payment rg; equal to a share of the return of bank’s non-liquidated portfolio for those waiting until date
2. The repayment offered to early withdrawing depositors must lie in the range [1 —t, %) as (net) deposit
rates are assumed to be always positive, whereby rgg > 1 — ¢, and as a bank cannot promise a repayment
that is not able to honour, whereby rpo < %

Domestic consumers derive utility from two sources: they derive utility u(c) from the consumption of the

payments obtained from banks and v(g) from the consumption of a public good provided by the government.

ECB Working Paper 2067, May 2017 10



A consumer’s preference is then given by

Ule,g) =u(c) +v(g),

with w/(¢) > 0,4” (¢) < 0, v'(g) > 0,v" (¢9) < 0, u(0) = v(0) = 0 and the relative risk aversion coeflicient

—cu''(c)
u’(e)

> 1, for any ¢ > 1.

Depositors are identical ex ante but can be of two types ex post: with probability A, a preference shock
hits and a depositor wants to consume the private good at date 1. With probability 1 — A no preference
shock hits and a depositor is willing to wait and consume at date 2. For the Law of Large Numbers, A and
1 — X represent the fraction of depositors who want to consume early (i.e., impatient depositors) and that
of depositors that want to consume late (i.e., patient consumers), respectively. A consumer’s type is private
knowledge.

At date 1, banks satisfy consumers’ withdrawals by liquidating their investment and by using the funds
provided by the government as part of the guarantee scheme. If the sum of the liquidation proceeds and the
guarantee is not enough to repay rpg to the n withdrawing depositors, a bank is declared bankrupt and an
orderly liquidation procedure starts. As a result, all assets of the bank are liquidated at date 1 and shared
equally among the bank’s creditors. Each of them is then entitled to receive an amount 1 — ¢ 4+ I', where
1 —t is the liquidation value of the bank’s assets and I' represents the guarantee paid by the government as
specified in details below.

The sovereign bond market

At date 0, the government raises resources from two sources: it taxes domestic consumers and issues
bonds to foreign investors. Investors have an endowment of one unit at date 0 and nothing thereafter and
no profitable alternative investment opportunities (they can only store their endowment if not investing in
sovereign bonds). The resources raised by the government are invested in a productive technology in order
to finance the provision of the public good g to domestic agents at date 2 and that of a guarantee scheme.

Such an investment technology returns one unit if liquidated at date 1 and a stochastic return at date 2
denoted with G (Y, I(i,t,7Go,T')). This return depends positively on the growth rate of the domestic economy

Y and on the number of units I(i,¢,rgo,I") that the government invests until date 2, where
I(i,t,rGo,T') = max{0,1+t —irgo — '}.

The amount of resources I(i,t,rgo, ') invested by the government between date 1 and 2 is given by the

difference between the initial investment 1+ ¢ and the units liquidated at date 1 to pay the interest rate rgq
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to the i investors withdrawing at date 1 minus the amount I' transferred to the banking sector as specified

in the guarantee scheme. Assumption 1 summarizes the properties of the function C:'(Y, I(i,t,rco,1)).

Assumption 1 The function G(Y, I(i,t,rgo,T)) is

i) increasing in' Y and t i.e., w >0 and W > 0;

OG(YVI(itrgol)) o 9G(IGtraol) 0 and 85(Y71<gt,rco,r>) <0
’ T ’

it) decreasing in i, rgo and T i.e., o s

and

iii) %{’;G“’F)) is independent of Y.

The long term return on the government’s investment CNJ(Y,I (i,t,7co,I')) positively depends on the
growth rate of the domestic economy Y. Moreover, it also increases with the amount of resources that the
government keeps invested until date 2 I(i,¢,7¢o,I"). While the marginal productivity of a unit invested
is independent of the state of the domestic economy Y, it depends on the number of investors that do
not rollover the bonds 7, the interest rate promised to investors withdrawing at date 1 rgg, the guarantees
transferred to the banking sector I', as well as the tax revenue accrued by the government ¢. The first three
variables have a negative impact on (N?(Y, I(i,t,rgo,T")), while an increase in the tax revenue t leads to a
higher return, via its positive effect on I(i,t,rgo,T).

Government bonds pay a (gross) interest rate rgo > 1 to the investors withdrawing at date 1 and
ra1 > rao to those who roll over their investment until date 2.2 While rgq is always paid, the interest rate
rg1 is only repaid if the government is solvent at date 2. The government defaults at date 2 if the return on
the investment G (Y, I(i,t,7co,T")) is not enough to pay r¢1 to the 1—4 investors that roll over the investment

in sovereign bonds and to finance a minimum level of public expenditure g. Formally, this is the case when

G(Y,I(Lt,’)"c;o,F)) — (1 - i)?‘Gl —g<0.

The variable g represents the minimum amount of public expenditure required for the domestic economy
to function. It can be interpreted as the expenditure for the health system, defence or education.> When
the government is solvent and there is an excess of resources at date 2, such an amount- corresponding to

G, I(i,t,rco,T)) — (1 —é)rg1 — g > 0- is transferred to the domestic consumers in the form of a public

good. When the government defaults, neither investors nor domestic consumers receive anything.

2Investors always invest in government bonds at date 0. This is a consequence of the fact that they can always decide not
to rollover their investment in sovereign bonds at date 1 and in this case they obtain rgg > 1.

3 All results hold also in the case g = 0. However, having a positive g makes it possible to analyze the effect of austerity
measures on the benefits and costs associated with the guarantees.

4The assumption that in the event of government default neither domestic consumers nor foreign investors receive anything
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The guarantee scheme

At date 0, the government announces the introduction of a guarantee scheme I'. It promises to transfer
resources to the banking sector after the first v € [A, 1) depositors have withdrawn so as to guarantee that
depositors will receive a fixed payoff as if only v have withdrawn. To achieve this goal, the government needs

to transfer the amount

£ = e fo (2= 1 — (=)}

I—n
to banks after the first « depositors have withdrawn.

The parameter v determines the size of the transfer of resources from the government to the banking
sector. The lower ~, the larger the size of the transfer that the government promises to the banking sector-
i.e., the size of the guarantees. In this respect, the parameter v is an inverse measure of the size of the
guarantee scheme I". The cases v = A and v = 1 correspond, respectively, to the full guarantee and the no
guarantee scenario. In the former, the government commits to transfer resources to the banking sector at
date 1 as soon as the first A depositors withdraw, in an attempt to eliminate the occurrence of panic-driven
runs. In the latter, instead, the government does not transfer any resources to the bank as it waits for all
depositors to run and the bank to liquidate the entire investment at date 1. °

While the government promises to transfer %";(14)) resources to a bank at date 1, the amount it

actually transfers can be lower than . This is the novel feature of the theoretical framework

(n=7)(rpo—(1-1))
1—~
and results from the government not having access to unlimited resources, but rather relying on creditors’

rollover decisions to fund its expenses. Denote as I'(i,n,7p50,TGo,t) the actual amount transferred by the

government. It is equal to

P

I'(z,n,7Bo,7G0,t,7Y) = 1= ) (rpo—(1—
(&m0, 760,4,7) Ltt—irgy if &=00ee020) > 1 44 —irgg

1)
As stated in (1), T'(¢,n, 7o, Tco, t) depends on the proportion n of depositors withdrawing at date 1, on
the government’s budget at date 1, as given by the resources 1+t —irgg remaining after paying the investors,

and on the size of the intervention 7. It is easy to see that an increase in n and/or ¢ makes it more difficult

for the government to pay the promised guarantee.

captures the existence of large costs associated with sovereign default. From a purely technical perspective, it simplifies the
analysis, but the results would also be valid in the case where both groups of agents could recover a fraction of government
resources in the case of a default.

5In the analysis, I focus on the case where 1 —t > yrpgo. This means that the government’s transfer is made before the bank
has already exhausted all its resources at date 1 and the liquidation procedures has not started yet. This is the relevant case
to consider when the goal of the guarantees is to prevent runs. When 1 — ¢ < yrpg, offering the guarantees would only affect
depositors’ repayment from the liquidation and, as a result, have the effect of increasing depositors’ incentive to runs.
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Information

The realization of the state of the economy Y at date 1 is not publicly observed. Instead, I assume that,
before the government chooses the interest rate on sovereign bonds rg; at date 1, all agents in the economy
receive a public signal

zp =Y +ep,

where the noise term ep ~ U[—m,7]. The public signal can be thought as the publication of a sovereign
rating or a report on the state of the economy. Thus, the interest rate set by the government reflects the
information contained in the public signal.

Depositors and investors base their decisions not only on the public signal, but also on additional infor-
mation about the state of the economy that they can extract from different sources. This takes the form of
a private signal xj; that each agent j in group k = {B, G} receives before taking their withdrawal decision,

but after the interest rate rg; has been chosen

Tpj = Y + €k

where the noise term ej; ~ U[—¢,¢] and it is i.i.d. across agents within each group.

The existence of both the private and the public signal allows the government’s choice of the interest rate
rg1 at date 1 to be endogenized, while still preserving the uniqueness of equilibrium in the depositors’ and
investors’ problem.® Moreover, this formulation captures the idea of a constant flow of information reaching
the market(s) that agents- in this case depositors and investors, use to take their decisions.

The timing of the model is as follows. At date 0, domestic consumers deposit their after tax endowment
with a bank and foreign investors invest in sovereign bonds. The bank chooses the deposit contract (rpo, 751)
and invests. Similarly, the government sets the interest rate rgq, raises taxes t and invests. At date 1, after the
public signal has arrived, the government chooses the interest rate rg1. Depositors and investors receive the
private signal about Y and take their withdrawal decisions. At date 2, the return on banks’ and government’s

investment matures and they pay their remaining creditors, if solvent.
2.2 Discussion

Before moving to the characterization of the equilibrium of the model, it is worth to discuss some of the

features and assumptions of the theoretical framework described above.

6The use of a public and private signal to avoid the signaling problem in a global game setting was proposed by Szkup
(2013).
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Orderly liquidation and depositors’ payoff in the event of bank default

In the traditional banking literature, it is common to assume that in the case of a bank’s failure, depositors
are served according to a sequential service constraint. This means that the first depositors in line receive
the promised repayment, while the others receive nothing. Despite its frequent use in banking models, the
sequential service constraint does not really capture how a bank’s bankruptcy procedure works in reality (see
also the discussion in Matta and Perotti, 2015 about sequential service constraint versus orderly liquidation).

In the real world, in the event of default, a bank’s assets are frozen, administrated and liquidated by the
competent authority. All creditors with the same level of seniority are entitled to receive the same share of
the liquidation proceeds. In the paper, this corresponds to the amount 1 — ¢ 4+ I'(¢,n, 750, Go, t,7y), with
I'(i,m, 5o, TGo, t,7y) as given in (1).

From the perspective of the model, the assumption of orderly liquidation instead of the sequential service
constraint in the event of a bank’s default does not affect the main properties of the model. In particular,
as I will discuss in details in Section 3, depositors’ withdrawal decision is still characterized by the property
of one-sided strategic complementarity as in Goldstein and Pauzner (2005).

The guarantee scheme

There are a few features of how guarantees are modelled which are worth discussing. First, they are
designed in the model to limit a bank’s premature liquidation of its assets. As a consequence, guarantees
emerge as a tool to prevent panic-driven banking crises due to a bank being illiquid, rather than fundamental
ones due to a bank becoming insolvent. In other words, efficient banking crises still occur in the model as
guarantees do not prevent insolvent banks from facing a run and defaulting. In this respect, the proposed
guarantee scheme echoes the one in Diamond and Dybvig (1983) and the analysis in the paper could be
seen as the study of the benefits and costs of a guarantee & la Diamond and Dybvig in a context in which
guarantees entail an actual disbursement and their provision is neither fully feasible nor credible.

Second, the way guarantees are modelled makes it possible to consider different sizes of intervention,
ranging from no intervention (i.e., v = 1) to full guarantees (i.e., ¥ = A). This is important as it makes
possible to clearly disentangle the direct and indirect effects associated with the guarantees.

Third, I assume that the guarantees are paid at date 1. The properties of the equilibrium and the
results of the paper would not be qualitatively different if considering a guarantee scheme that still aimed
at protecting depositors against liquidity risk (and not insolvency), but that, unlike the one in the paper,

entailed a transfer from the government to the banking sector at date 2. This would be true as long as this
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transfer was increasing with the number of depositors running.

Banks’ holdings of sovereign bonds

In the model, government bonds are held only by foreign investors. Domestic consumers do not hold
them, either directly or via their bank. This implies that the guarantees represent the only channel linking
the banks’ and the sovereign’s stability. From the model perspective this assumption perfectly serves the
aim of the paper, which is to clearly identify the role that the guarantees play in the bank-sovereign nexus.
This is because without banks’ holdings of sovereign bonds the spillovers between banks and their sovereign
are only due to the guarantees. From a more policy-oriented perspective, it suggests the importance of
intervention focused specifically on guarantees to limit the extent of negative spillovers between banks and
sovereigns. The recent regulatory reforms on bail-ins and the discussion in Europe about a pan-European
deposit insurance scheme support this view.

The drawback of this approach is that, by disregarding banks’ holdings of sovereign bonds, the model
abstracts from a key transmission mechanism of crises (see, e.g., Arteta and Hale, 2008; Gennaioli, Martin,
and Rossi, 2014, 2015; Ongena, Popov, and Van Horen, 2016; Altavilla, Pagano, and Simonelli, 2015; Acharya
and Steffen, 2015), which may also have implications for the effectiveness and optimality of guarantees. To
account for this, in Section 5.1, I extend the baseline model by allowing banks to hold sovereign bonds.

A common fundamental for both the banks and the sovereign

In the model, both the prospects for the banks and those for the sovereign depend on the same variable
Y. This assumption does not qualitatively affect the results, which would still hold even in the case of
completely independent fundamentals. The idea behind this is that Y is a stylized representation of the
real sector, which, although for different reasons, affects both the banking sector and the government.”
Importantly, having a common fundamental is not a confounding effect for the guarantees. In the model, it
is still possible to clearly identify the role that the guarantees play in linking the banks’ and the sovereign’s
stability in that, as I will show in detail below, there are crises that occur only because depositors expect a

sovereign default to occur and vice versa.

3 Government guarantees, banking crisis and sovereign default

The provision of the guarantee scheme, coupled with the need for the government to issue bonds to raise

funds, links depositors’ and sovereign investors’ withdrawal decisions and sets the ground for the feedback

"Bocola (2016) highlights the role that the real sector plays in the banks-sovereign nexus.
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loop between banking and sovereign default crises.

To see this, in this section, I disentangle the effects that the provision and size of the guarantee scheme
have on the likelihood of a bank run and a sovereign default, as well as on their interaction. I start by
characterizing creditors’ withdrawal decision and, thus the probability of a bank and sovereign default.
Then, I analyze how changes in the size of the guarantees affect the likelihood of both crises, as well as,
their interaction. In doing so, I take as given the deposit contract set by the bank and the interest rates on
sovereign bonds, which I will then endogenize in Section 4.

In the model, banks’ and sovereign creditors’ payoffs depend on the state of the domestic economy Y and
on the actions taken by all other agents in the economy. A key feature of the theoretical framework is the
existence of two types of strategic complementarity: within- and between- groups strategic complementarity.
The former refers to the fact that, within each group of agents, a creditor’s incentive to withdraw at date
1 increases with the proportion of other agents in their own group withdrawing at the interim date. The
latter, instead, captures the fact that the incentive to withdraw at date 1 also increases with the proportion
of agents in the other group taking a similar action.

While the existence of within-groups strategic complementarity is independent of the provision of guar-
antees (see e.g., Diamond and Dybvig, 1983; Morris and Shin, 1998 and 2003; Goldstein and Pauzner, 2005),
the between-groups one is a direct consequence of the guarantees and its strength depends on their size 7.
This is because the proportion of depositors running n and investors not rolling over ¢ affects the amount of
resources that the government needs to subtract from its budget and transfer to the banking sector and the
resources available to pay the guarantees, respectively.

In the sovereign bond market, an investor’s incentive to withdraw at date 1 monotonically increases
with both the proportion ¢ of investors not rolling over their investment in sovereign bonds and that of
depositors running at date 1 n. As both ¢ and n increase, the government’s budget at date 2, namely
G(Y, I(i,t,rgo,I')) — (1 —i)rg1 — g, becomes tighter, thus reducing the probability of an investor receiving
the promised repayment rg1, while the repayment from withdrawing at date 1 is always equal to rgo. To
see this formally, recall that amount of resources invested by the government until date 2 depends on the

guarantee I'(¢,n, rpo, Tco, t) and is given by

(n—W)(TBo—(l—t))}.

I(i,n,7G0,TB0, t,7) :max{O,l—i-t—irGO— T
-7

Denote as a(Y,rgo, 761,14, t,n,7), an investor’s expected payoff from rolling over the investment in sov-
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ereign bonds. It is equal to

Ol(Y, Z.a n,TGco,TBO, t7 fY) =Tac1 [1 - PI'(G(Y, I(Zv t; rGo, N, 7)) - irGl - ? < O)] (2)

The larger the proportion n of depositors withdrawing at date 1, the larger the guarantee paid by the gov-

ernment, as shown in (1), with the consequence that I(i,n, rgo,r¢1,t,y) and, in turn, é(Y, I(i,m,rgo,Tc1,t,7))

da(Y,i,n,rgo,

5 5049 () and the strategic complementarity between investors’ and de-

become smaller. Thus,

positors’ actions holds. Regarding the strategic complementarity within the group of foreign investors, it
holds as long as %WTGO > rg1, as in this case an increase in ¢ makes the government budget
tighter and, in turn, reduces a(Y,i,n,7go,750,t,7).5 Moreover, it is easy to see that (Y, 4,1, 7o, 7Bo,t,7)
also increases with the size of guarantees, as I(¢,n,7go,7Bo, t,7y) and, in turn, C:’(Y, I(i,t,rGo,n,7)), increases
with it. This means that more generous guarantees (i.e., a lower «y) are associated with a lower expected
payoff for sovereign creditors at date 2, and thus, ceteris paribus, with a higher incentive not to roll over the
investment in sovereign bonds at date 1.

In the banking sector, a depositor’s incentive to withdraw early and run on the bank also increases with
the proportion n of depositors running and that of investors not rolling over 4, although not monotonically.

To see this formally, notice that the amount of resources available to a bank at date 1 to repay rpg to the n

depositors withdrawing early can be written as

rpo — (1 —1))
L=y

1_t+F(i,n,rBO,rGO,t,’y):1—t+min{(nV)( 71+t_iTG0}7 (3)

using the expression for I'(i, n, rgo, rGo, t,7) in (1). Using (3), a depositor’s payoff from withdrawing at date

2 is a function of n and ¢ and is given by

1—t—nr50+min{w,l+t—ircg} . .
e =4 BY) — fA<n<m (4)
l—t—}—min{%,l—kt—ﬁ@o} ifn<n<l1

17t+min{ WJH*Z‘TGO}

TBO

with 7 = identifying the number of depositors running above which the

bank exhausts all available resources- its own and those provided by the government as guarantees— at date

1.

To see how a depositor’s incentive to run varies with both ¢ and n denote as v(Y, n,4) a depositor’s utility

8G(Y,I(i,t,reo,T
( (61' Go ))_HGI:

8The government’s budget at date 2 é(Y, I(i,t,rGo, ")) —(1—%)rg1 —7 is decreasing in ¢ as long as
—%WTGO +rg1 < 0. I am assuming this now and I will subsequently show that this condition is always satisfied

in equilibrium in Section 4, when solving for the optimal {rgo,rqg1}-
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differential between withdrawing at date 2 and running at date 1. The function v(Y, n,%) is equal to

17t7n7"30+min{ w)lJ’,tiirGo}
_ : < —
v(Y,ni) =3 " R(Y) T-n u(rpo) HA<n<m e

u(rp1) —u(Tp1) ifm<n<l

where, from (4), rg; = 1 — ¢t 4+ min {%, 1+¢— irGo} in the range m < n < 1 because of
the orderly liquidation assumption. It is easy to see that the function v (Y,n,¢) decreases with n and ¢ in
the range A < n <n, while it is a constant equal to zero in the range n <n < 1. 9

Creditors take their withdrawal decisions at date 1, after observing the private signal xj; and choose the
action that entails the highest payoff. As shown above, each creditor’s payoff depends on the state of the
economy Y and the actions taken by all other creditors. Since the private signal provides information about
the realization of Y, as well as the actions of the other agents in the economy, each depositor and investor
bases his decision on the signal they receives. When receiving a high signal, a creditor attributes a high
posterior probability to the good realization of Y and, at the same time, infers that others have also received
a high signal. This lowers their beliefs about the likelihood of a run and of a sovereign default and, in turn,
increases the incentive to withdraw at date 2, if a depositor, and to roll over his investment in sovereign
bonds, if an investor.

Because of the strategic complementarity between agents’ actions, depositors’ withdrawal decision and
investors’ rollover choice can be computed using the global games methodology. Following the literature on
global games (see e.g., Morris and Shin, 2003), the uniqueness of the equilibrium in depositors’ withdrawal
and investors’ rollover decisions is guaranteed by the existence of two extreme regions where depositors and
investors have a dominant strategy.

I start with the depositors. Denote as Y 5 the upperbound of the region in which withdrawing at date
1 is a dominant strategy for each depositor. This is the case when the payoff and so the utility that can
obtained at date 2 are lower than that which can be obtained at date 1, even if no runs occur. Since Y g
is computed under the assumption that there is no run and only the early types withdraw (i.e., n = A), no

guarantee is paid and Y 5 is simply the solution to

(6)

u(rpo) =u (R (Y) H_MBO) 7

1—A

9Using the same terminology as in Goldstein and Pauzner (2005), the fact that v (Y, n,) does not decrease monotonically
with n and ¢ means that depositors’ withdrawal decision only exhibits the property of one-sided strategic complementarity. By
contrast with Goldstein and Pauzner (2005), where there is only strategic complementarity within group, in this framework,
the concept of one-sided strategic complementarity applies to both the within- and between-groups strategic complementarity.
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In the range Y < Y 5, runs are fundamental-driven in that they only depend on the bad realization of Y.
Symmetrically, when the state of the domestic economy Y is very good—i.e., Y > Y g—, irrespective of what
other depositors and investors do, it is optimal for a patient depositor to wait and withdraw at date 2. I
refer to the range (73, 1] as the upper dominance region where no runs ever occur. For this to be the case,
it must hold that the repayment they can accrue at date 2 is higher than rpg. To determine the threshold
Y B, I follow Goldstein and Pauzner (2005) and make two assumptions. I assume that when Y > Y g, the
per unit liquidation value of the project at date 1 also improves increasing from 1 to % and that, in this
range, R(Y) > % Since 1o < %, these two assumptions imply that the bank does not need to liquidate
more than one unit for each withdrawing depositor and that a late depositor’s repayment at date 2 is always
higher than what they can obtain at date 1.

Consider now the foreign investors. The determination of the lower and upper dominance regions and
their respective thresholds is analogous. The threshold Y is computed under the assumption that : = 0

and no runs occur (i.e., n = A) and, thus no guarantees are paid. Thus, Y is the solution to

G(K I(O7t7 TGo, )‘77)) —Trg1 — y = 07

with I(0,t,rco0,A,y) = 1+t. Similarly to the case of depositors, sovereign default crises occurring in the
range [0,Y ) are fundamental-driven, as they are only due to a bad realization of Y. Regarding the upper
dominance region, the threshold Y is computed taking into account that the government fully liquidates
the amount initially invested at date 1, as it would be the case if all depositors and sovereign creditors
withdrew at date 1 (i.e., when n =i = 1), and it corresponds to the case I(1,t,7go, 1,7) = 0. The inequality
Y < Y holds since é(Y, I(i,t,7Go,n,7)) is increasing in Y and decreasing in both n and i.

Besides these extreme ranges of Y, depositors’ and foreign investors’ actions depend crucially on what
all the other agents-both within their group and in the other group- do. In other words, for intermediate
values of Y, banking and sovereign default crises occur and they are panic-driven in that they are the result
of a coordination failure. In these intermediate ranges, depositors and investors withdraw at date 1 out of
the self-fulfilling belief that other depositors and investors would do the same, thus leading to panic-driven
banking crises and sovereign defaults.

The following proposition characterizes depositors’ withdrawal decision and foreign investors’ rollover

choice.

Proposition 1 For givenrgo, rao and rg1, the model has a unique threshold equilibrium where all depositors
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run if they recewe a signal below =%, and do not run above and all investors withdraw if they receive a

signal below z¥, and roll over otherwise. The equilibrium thresholds {z%,z%} satisfy x% = zp(xy) and
2l = xg(2%), with 0 < 2g(ze) <1 and 0 < 2, (xp) < 1, and are the solution to the following system.:

n(zy,7g)

i
/ u(Rlaf +2(1 - 2423)) =ee ) dn + / u(R(ah +e(1 - 2323)) =220 ) dnst
A

1—-n 1—v
¥
n(zg,zl) o o (7)
_ 2_2G B o422 o —nr 729, 29
+ u R(z% +€<1_2%>) 3 G01771z_/\ Go BO) _ ;L(acB rG)u(TBo)dnzo
n(zg,eg)

g g
2 )\_’_(1_)\)(1’37%_’_@)_7) (rgo— (1 —1))
~ TGO T ( 2 ré1
G|zl - —2+e1+t— S —
e TG1 1—v

|- 120 - (=)A= )r60 ~(1-3) (1) ez |
=X 5o~ (-0 F7Go(1=7)

£
TBo(1—A)TTG0

29 29
2(1-0)—(1-A) =L rgo+Argo

withn(xf, xf,) = andn(z%, ) =

The equilibrium thresholds {z%, 2%} are the solution of a system of two equations. Equation (7) repre-
sents a depositor’s indifference condition between withdrawing at date 2 and date 1. Equation (8), instead,
represents government’s solvency constraint when it is at the margin between being solvent and defaulting
and an investor is exactly indifferent between withdrawing and rolling over the investment in sovereign bonds
at date 1.

It emerges from the two expressions in the proposition that depositors’ and investors’ actions depend
on the growth rate of the domestic economy Y as well as on the actions taken by all other agents in the
economy—both in their own and in the other group—. The greater the likelihood of a banking crisis, the
larger the probability of a sovereign default and viceversa since the thresholds =% and zf, are positively
related. This implies that there are ranges of Y where a banking and sovereign debt crisis only occurs
because each depositor and each investor believe that a sovereign default and a banking crisis, respectively,
are going to occur.

The positive correlation between depositors’ and investors’ equilibrium thresholds is relevant in two
respects. First, it is a direct implication of the between-groups strategic complementarity induced by the
guarantees and captures the existence of the feedback loop between banking and sovereign debt crises, which
I analyze in detail below. In an economy without guarantees, each depositor and investor would take their
withdrawal decisions independently from each other (and only caring about the action of the other agents in

their respective group) despite the common fundamental Y affecting both the prospects for the banks and
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those for the government. In this case, the occurrence of a banking crisis and a sovereign default would also
be independent.

Second, the positive correlation between investors’ and depositors’ equilibrium thresholds highlights the
fact that the feasibility of a guarantee scheme matters not only for its effectiveness in limiting the occurrence
of banking crises, but also for the costs associated with its provision. For a given size of the guarantee
scheme <, a higher threshold for the investors leads to a higher threshold for depositors, that is to greater
instability in the banking sector. This is the consequence of the fact that less resources are available to pay
the guarantees and so their effectiveness in limiting panic runs is reduced. Symmetrically, a higher threshold
for depositors leads to higher equilibrium thresholds for the investors and thus to more instability in the
sovereign debt market. This is a consequence of the higher disbursement incurred by the government to
provide the guarantees.

The following proposition formally discusses the two features of the equilibrium just described.

Proposition 2 Denote as z and xf the equilibrium thresholds in the economy without guarantees and as
zé and zé those in the case where there no concerns about the feasibility of the guarantee scheme. Given
the size of the guarantee scheme v and the interest rates rgg, rao and rg1, it holds that

i) 2y >a% and o < xl;

i) 2% > oy and 2% > .

The proposition highlights two important results. First, it points out the direct effects that the provision of
the guarantees has on the probability of a banking crisis and sovereign default, respectively: the introduction
of a guarantee scheme reduces the former, while it increases the latter. The intuition behind this result is
simple. On the one hand, the introduction of a guarantee scheme improves financial stability as banks
have, ceteris paribus, more resources to meet early withdrawals, thus reducing depositors’ incentives to run.
On the other hand, the introduction of guarantees adds an extra disbursement for the government, which,
ceteris paribus, makes its resource constraint more binding, thus reducing investors’ incentive to roll over
the investment in sovereign bonds. Second, the proposition shows that the uncertainty associated with the
provision of guarantees limits their effectiveness in preventing banking crises and makes their costs higher.
This result is obtained by comparing the equilibrium thresholds % and zf,, characterized in Proposition
1, with two "artificial" thresholds computed under the assumption that the government always has enough

resources to pay the guarantees and so the depositors believe that they will always receive the guaranteed
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amount.

The intuition behind the second result in the proposition is less straightforward. Importantly, this has
to do with the feasibility of the guarantees, rather than with the limited commitment that may characterize
government’s choice and thus, to the possibility that the government chooses to default and not to provide the
guarantees. The reduced effectiveness of the guarantees in preventing runs and the higher sovereign instability
they induce are a consequence of the fact the government is fragile and does not have the possibility to raise
unlimited and costless resources to provide the guarantees. In this context, the provision of guarantees triggers
a downward spiral, where the reduced effectiveness of the guarantees in preventing banking crises exacerbates
the cost for the government and, in turn, leads to increased instability in the sovereign bond market and to
even lower credibility and effectiveness of the guarantees. In other words, the difference z% — xfB identifies
the range of Y where a banking crisis only occurs because of the risk of a sovereign default. Similarly, the
difference af, — :cé identifies the range where a sovereign default only occurs because of the fear of a bank
run.

This negative feedback loop between banks and sovereign generated by the provision of the guarantees
represents a novel contribution of this paper to the literature on public intervention in the financial sector and
to that on the bank-sovereign nexus. Regarding the former, it highlights the existence of costs associated
with the provision of guarantees— namely the threat to sovereign solvency and the consequent reduced
effectiveness of public intervention— that have been overlooked by the existing literature. Regarding the
latter, it shows that a feedback loop between banking and sovereign debt crises arise even when banks do
not hold any sovereign bonds, thus highlighting the key role that guarantees play for the complementarity

between banking and sovereign debt crises.

3.1 Increase in the size of the guarantee 7 and the positive feedback loop be-
tween banking crisis and sovereign default

So far, I have shown that the introduction of the government guarantees generates a trade-off. On the one
hand, it reduces the probability of a banking crisis by limiting the coordination failure among depositors
(ie., 2% < x’f). On the other hand, the introduction of the guarantees is associated with an increase in the
instability in the sovereign bond market, in that it reduces investors’ incentive to roll over (i.e., z%, > z’).

I have also shown that concerns about the feasibility of the announced guarantee scheme foster even greater

instability, as they lead to an increase in instability in both the banking sector and sovereign bond market
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(ie., z% > a:é and zf, > xé) When all these elements are taken into account, announcing the introduction

of the guarantees at date 0 is optimal only when the benefits in terms of reduced costs of a banking crisis
offset the costs associated with the increased sovereign instability. This is ultimately an empirical question.

A more interesting exercise is to analyze the effect of an increase in the support offered by the government
to banks— namely an increase in the size of the guarantees— on both financial and sovereign stability. What
makes such analysis interesting is that, unlike existing models, the probabilities of a banking crisis and a
sovereign default are not fixed and interact with each other. This implies that the overall effect of an increase
in the size of guarantees on the likelihood of a banking crisis and a sovereign default is not only determined
by their respective direct effects, but also depends on the indirect ones.

For banks, the direct effect captures the reduction in the bank’s liquidation needs resulting from the
provision of larger guarantees. The direct effect on sovereign stability, instead, captures the increase in
the disbursement that the government suffers in the case a run occurs and thus, a more binding resource

constraint. The indirect effects for both the groups of agents come from the fact that, as stated in Proposition

7 7
dz{, dx

9 9
1, their threshold is an increasing function of that of the other group (i.e., dop(@6) () apd e@s) o 0).
Since the direct and indirect effects move in opposite directions, a number of novel results regarding the
impact of guarantees on financial and sovereign stability and their interaction emerge. They are illustrated

in the following proposition.

Proposition 3 Denote as Ayp and A,q the direct effect of an increase in the level of guarantees (i.e.,
a lower vv) on depositors’ and investors’ equilibrium thresholds, respectively. The following cases can be
distinguished:

i) If |Ayc| < %Avg, an increase in the size of guarantees leads to lower equilibrium thresholds for both
depositors and investors;

9
i) If Z;—gA,YB <|Ayq| < ?T"*g, an increase in the size of guarantees leads to a lower equilibrium threshold

dad
for the depositors, but to a higher one for the investors;

iii) If |Ayq| > %, an increase in the size of guarantees leads to higher equilibrium thresholds for both
B

depositors and investors.

The above proposition is illustrated in Figure 3 and shows that whether an increase in the size of the
guarantees has a beneficial or detrimental effect on both financial and sovereign stability depends crucially

on the magnitude of the direct and indirect effects that it has on the probability of each crisis. When the
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direct effect of an increase in the size of guarantees on sovereign stability is small (i.e.7 for |A,q| < %AW B) ,
larger guarantees improve both financial and sovereign stability. The reason is that, in this range, by reducing
depositors’ incentives to run, larger guarantees also lower the government disbursement associated with the
provision of the guarantees. Thus, in this case, an increase in the size of guarantees has a stabilizing effect
in both the banking sector and the sovereign debt market, as it triggers a positive feedback loop between

. . . . . da? A .
banking and sovereign debt crises. As A,q increases | i.e., for di—ngWB <|Ayg| < 7”%3 , the beneficial
da?,
effect of guarantees in terms of a reduction in depositors’ incentives to run is not enough to compensate

for the larger disbursement that the government is facing when a banking crisis occurs. As a result, an
increase in the size of guarantees reduces sovereign investors’ rollover incentives, thus worsening sovereign

stability. Still the detrimental effect on sovereign stability is not too large, so that the presence of larger

. . . . . A
guarantees reduces depositors’ incentives to run. As A, increases further (1.e., for |Ayq| > d:f), the
B
dzé
negative effect of larger guarantees on investors’ incentives to roll over and, in turn, on sovereign stability

hurts the credibility and so the effectiveness of the guarantees and results into an increase in the probability

of a banking crisis. This last case reflects closely what we observed in Ireland in 2008.
Insert figure 3

An interesting implication of Proposition 3 concerns the role that the specific characteristics of the
economy— such us, the nature of banking crises, the size of the banking sector, as well as the soundness of
the government’s budget— play in the result in the above proposition, as they determine the magnitude of
the direct and indirect effects illustrated above.

Since in this framework guarantees only affect the probability of panic-driven bank runs, if banking crises
are mostly fundamental driven, the effectiveness of guarantees in reducing depositors’ incentives to run is
limited (i.e., A,p is small), while they still lead to a disbursement for the government (i.e., A, is large).
Thus, in such a scenario, it is more likely that an increase in the size of guarantees leads to an increase in
the probability of both banking and sovereign debt crises. As clearly emerged in the Irish crisis in 2008, the
size of the banking sector relative to that of the public sector also matters. A larger banking sector makes
guarantees more costly and the sovereign more constrained, thus making it more likely that larger guarantees
will trigger a negative feedback loop between banking and sovereign debt crises. More generally, the direct
(detrimental) effect that guarantees have on the sovereign and, in turn, on the bank-sovereign nexus, tends

to be less pronounced when the sovereign fiscal position is stronger. Along this line, in Section 5.2, I will
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discuss in detail the effect of austerity measures, such as reducing public expenditure and increasing taxes,

on the feedback loop between a banking crisis and sovereign default.
4 Deposit contract and interest rates on sovereign bonds

In this section, I characterize the equilibrium values for rgg, rgo and rgy.
The equilibrium thresholds {z%, 2%} characterized in Proposition 1 depend on the deposit contract offered

by banks and interest rates set by the government. I have the following results.

9
oz
7 9rBo

Lemma 1 The equilibrium thresholds {z%,z%} increase with both rpg (i.e. > 0 and g:i > O) and

. dx? dx? . g .
rGo (z.e., %Ci) >0 and afc?o > 0). The effect of rg1 on investors’ equilibrium threshold x% 18 mot monotone:

g9
oz,

Bx%
5 > 0 otherwise.
TG1

orai

<0 forrgn <T%, and

A change in the repayment offered by the bank to the depositors withdrawing early rpo affects both
depositors’ and investors’ equilibrium thresholds. Symmetrically, a change in the interest rate on government
bonds promised at date 1 and 2 affects all equilibrium thresholds. Consider first rpq. Its effect on investors’
threshold is twofold. First, a higher rp( increases the amount of resources that the government needs to
transfer to the banking sector to pay the guarantees. Second, a higher rpo increases depositors’ incentives
to withdraw at date 1 (i.e., % increases, ceteris paribus), thus causing z{, to increase too. The case for rgo
is analogous.

The effect of rg1 on the thresholds is more involved given the non-monotonicity of z¥, to changes in
rg1. The intuition behind this result is simple and can be easily grasped by looking at (2).!° For a fixed
probability of default of the government, an increase in rg; implies that sovereign creditors receive a higher
payoff when they roll over their investment in sovereign bonds and the government is solvent, thus increasing
their incentive to roll over between date 1 and 2. However, an increase in rg; affects the probability of a
sovereign default, in that, ceteris paribus, it makes the government’s budget constraint more binding. As
a result, an increase in 77 increases investors’ incentives not to roll over. Depending on which of the two
effects dominates, an increase in 71 leads to either a decrease or an increase in the probability of a sovereign
default. The lemma shows that the first effect dominates the second one when r¢g; is sufficiently low, while
the opposite is true for large values of rgq. In other words, the equilibrium threshold z¥, is a convex function

of the interest rate rg1 and 7%, represents the interest rate that minimizes the probability of a sovereign

10Recall that investors receive the fixed repayment rgg if they do not roll over the investment in sovereign bonds at date 1.

ECB Working Paper 2067, May 2017 26



debt crisis.

Having shown how the equilibrium thresholds change with the terms of the deposit contract and the
interest rates set by the government, I can now move to their equilibrium choice. To do so, I focus on the
limit case, when both the public and private signals are very precise, that is when 7 — 0, ¢ — 0 and £ — 0.
In this case, all agents receive approximately the same signal and so take the same actions and =% — Y}j
and 2, — YJ. This means that in the interval Y < Y}, all depositors run and the bank fails at date 1.
Symmetrically, in the interval ¥ < Y&, no investors roll over the investment in sovereign bonds and the
government defaults.

I start from the government. It chooses the interest rates {rgo,rg1} so to maximize domestic agents’

(i.e., depositors) expected utility. This is given by

1
(G010, 760, a0 A ) ~ rr 9 £ (¥) aY
v v 1 ifYg >Y}
+/u(2 —rgo)f (Y)Y + /)\u (reo) + (1= N u (R(Y)%) F(Y)dy
0 Yg Yg
IEIGalX /’U (é(Y,I(O,t,TGQ,TBo,l,’y)) —Trgl —y) f(Y) dy + s (9)
Yé )
+/U (é(}/v I(Ovt7rG07TBOa )\77)) — TGl _§> f (Y) day if ch < Yg
YS v 1
+ [utra)f (V)ay + [ [atra) + (1= N u (R) =) | £ () dy
0 Ylg

where I(0,¢,7Go, B0, A, y) = 1+ ¢, I(0,¢t, 760, 7B0, 1,7) =1+t —[rgo— (1 —t)] =2 —rpo and f(Y) is
the density function of Y.

Depositors’ expected utility, as given in (9), is a piecewise function as it depends on whether Vg 2 Y.
The terms in the two expressions in (9) have a similar meaning in the two cases. The first term in the
case Y4 > Y} and the first two in the case Y2 < Y}, represent depositors’ expected utility from the pub-
lic good. This is given by the government’s available resources at date 2 when it is solvent (i.e., when
Y > Y§). In this range, when Y > YJ, no runs occur and the government does not pay any guaran-
tees and invest I(0,¢,7go,7Bo,A,y) = 1+ t resources between date 1 and 2, thus generating a return

G(Y,I(0,t,7co, 7B0, A, 7)) at date 2. In this case, each depositor receives an amount of the public good equal
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to é(Y7 I(0,t,7Go, "B0, A\, Y)) —TG1—g. In the range, Y < Y}, instead, a run occurs and the government needs
to transfer rpo— (1 — ) resources to the banking sector. As a consequence, only 1(0,t,7Go,7B0,1,7) = 2—7rpo
resources are invested between date 1 and 2, thus generating a return é(K 1(0,t,7Go,7B0, 1,7)). In this case,
then each depositor receives an amount of the public good equal to é(Y7 I1(0,t,rGo, B0, 1,7)) — 761 — G-

The remaining terms in (9) represent depositors’ expected utility from the private good. In the range
Y > Y#, no runs occur, only X early depositors withdraw at date 1 and receive rpg. The 1 — X late depositors
receive a share of the return on the non liquidated units, as given by R(Y)%. In the range, ¥ < Y},
a run occurs and all depositors receive the liquidation proceeds 2 — rgo if Y& > YJ and rpo if Y < Y}.

I start characterizing the choice of rgg, as it is straightforward. At date 0, the government chooses the
lowest possible interest rate, that is 7%, = 1. This is a consequence of the fact that investors are risk-neutral
and both thresholds Yg and Yg are an increasing function of rgg. The choice of rg; is more involved and it
is taken at date 1: The government chooses r,; after receiving the public signal, but before depositors and

investors take their withdrawal decisions. The following result holds.

Proposition 4 At the limit when m — 0, ¢ — 0 and £ — 0, the equilibrium interest rate on government

bonds re, < T, is given by

T%O ifY >Yg o
Te1 =19 e W YCg(TGl) <Y<Yqs ,
0 YY)

where 1§, is the solution to Y =Y (ra1).

In order to maximize depositors’ expected utility, the government chooses the lowest possible interest
rate conditional on being solvent. In other words, it chooses the lowest interest rate that induces investors
to roll over the investment in sovereign bonds. In order to do this, the government needs to compensate
investors for the risk they take, if any.

The proposition is illustrated in Figure 4, which shows how the interest rate rg1 changes with the growth
rate of the domestic economy. When Y > Y g, there is no risk associated to the rollover of the government
bonds and the equilibrium interest rate is r¢; = r&, = 1. As the prospects for the economy deteriorate,
as captured by a lower Y, the government needs to increase the interest rate offered to investors, until it

reaches 7, above which there is no interest rate that will induce investors to roll over.

Insert Figure 4
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An interesting implication of Proposition 4 is that panic-driven banking crises do not occur as long as
the government is able to induce investors to roll over the bonds and sovereign default is avoided. In this
case, in fact, the guarantees are always feasible and depositors’ expect to receive the guaranteed amount.
To see this clearly, consider the case in which the government offers full guarantees- namely the case with

v = A. The following result holds.

Proposition 5 When v = A, at the limit when m — 0, ¢ — 0 and £ — 0, no bank runs occur in the range

YE(TL,) <Y unless, Yi(Te,) <Yp.

The above proposition is illustrated in Figure 5 and has a simple interpretation. As long as all investors
roll over the investment in sovereign bonds (i.e., in the range Y4 (rg,) < Y'), depositors expect to always
receive the guaranteed amount, which in the case of full guarantees (i.e., for ¥ = A) means that their
withdrawal decision is no longer driven by the fear that other depositors will run. This occurs because, when
all investors roll over and sovereign default does not occur, the government has 1 + ¢ to pay the guarantees
that added to the 1 — ¢ resources available at the bank sums up to 2 > 7%, as depositors’ repayment cannot
exceed the maximum amount of resources available in the economy. Hence, a depositor knows that the
bank does not have to liquidate anything and that they are guaranteed a payoff at date 2 as if only A early
depositors were running. Thus, they only run when expecting the bank to default for fundamental reasons.

The proposition focuses on the extreme case where v = A and full guarantees are provided. However,
the result also holds for any value of v > A. In this more general case, the guarantees are not designed to
fully eliminate panic runs but rather only to limit their occurrence. It follows that panic runs still occur in
equilibrium even if sovereign default is avoided, but, similarly to the result illustrated in the proposition,
only if YA(7%,) < Yg, as characterized in Proposition 2.!' This is the case because as long as a sovereign
default is avoided, depositors expect the government to have enough resources to pay the guarantees (i.e., as
if there were no concerns about the feasibility of the scheme) and they only run in this case if, despite the

guarantees, their expected payoff at the final date is lower than what they can obtain at date 1.
Insert Figure 5

This result suggests the importance of having a sound sovereign for the effectiveness and credibility of the
guarantees and potentially for the feedback loop between banks and sovereigns. To this end, I will discuss

the role and the effects of different austerity measures in Section 5.2.

11 This condition is obtained in the proof of Proposition 5, which is derived for the general case v > A.
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To complete the analysis, I analyze the choice of the deposit contract rpg. Each bank chooses the interest
rate at date 0 so as to maximize depositors’ expected utility. In doing so, it anticipates the choice of rg1 by
the government and thus, that runs will occur only in in the interval Y < max {Yg (7%,), Y} } The bank’s

problem is as follows:

Y4, i
u(1)dY + / u(rpo)dY+
_— e REEEN
+//\u (rpo) + (1= N u (RO =250 ) ay + Elo (g))ay.
max Y (10)
o Y8(FE)
/ w(1)dY+
| ’ if Y5 < Y5(0)
+ / Au(rpo) + (1= A)u (R(Y)%) dY + E[v (g)]dY.
G

The bank’s objective function is a piecewise function as it depends on whether a run is associated with
a sovereign default or is fundamental based. The first two terms in the case Yé > Y4(7Z,) and the first
one in the case Y]g < YZ(7Z,) represent depositors’ expected utility in the event of a run. As shown above
a bank run takes place only into two circumstances: when a sovereign default occurs; and ii) when no
sovereign default occurs, but, despite the guarantees being fully feasible, depositors still have an incentive
to runs when they expect other depositors to do the same. In both cases, depositors receive the liquidation
proceeds. However, this amount is different in the two cases. If the run occurs when sovereign default does
not-which is the case for any ¥ < Yg and YEJ; > YZ(7L,), the government transfers rpg — (1 — t) resources
and each depositor receives a repayment rpq. If the bank run is associated with a sovereign default, instead,
depositors receive 1 +t¢t+1—t —rg, = 2 —rl, = 1. The intermediate term, in both cases, represents
depositors’ utility when there is no run and only the A impatient depositors withdraw at date 1. In this
case, the impatient depositors receive the promised repayment rpg, while the patient ones wait and receive
R(Y)% at date 2. The last term is the utility depositors accrue from the provision of the public good.
As banks are atomistic, this amount does not depend on their individual choices and, thus, does not play a
role in the choice of rgg by an individual bank.

The problem is complicated and does not lend itself to a simple analytical solution, but it can still be

shown that banks choose 7"?30 > 1 —t. When 7"?30 = 1 — ¢, the benefits of an increase in rpo are maximal,
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while the losses approach zero as the bank always has enough resources (including those provided by the
government) to repay early withdrawing depositors without liquidating more than one unit of the asset. As
a consequence, when %, = 1 — ¢, runs, if they occur, are only fundamental-driven and entail no losses in

terms of depositors’ utility since u (R(Y)%) —u (’I“Bo)‘ =0. 12

—=B

5 Extensions

In this section, I extend the baseline model in two directions. First, I consider the possibility that banks hold
sovereign bonds in their portfolio. Second, I analyze how the implementation of austerity measures, aimed

at improving the state of public finances, affects the equilibrium.
5.1 Banks’ holdings of sovereign bonds

In the baseline model, banks can only invest in a risky asset. In this section, I allow banks to invest a fraction
b of their resources in long-term sovereign bonds at date 0. The remaining fraction 1 — b is invested in the
risky asset as in the baseline model. The investment in sovereign bonds yields a per unit return ré > 1 at
date 2 if the government is solvent and 0 otherwise. In the spirit of Broner, Martin and Ventura (2010), I
consider the presence of a secondary market where banks can sell bonds for a price p, = & Pr(Y > Y|z p)
at date 1. This price is determined before the arrival of the private signal and reflects the fundamental value
of the bonds (i.e., their expected return) conditional on the public signal xp.

To keep the model tractable, I make some simplifying assumptions. First, I assume that, unlike investors,
banks invest in long-term sovereign bonds, which can be sold at date 1 to raise liquidity.'® Second, I assume
that banks use their stock of bonds to satisfy early withdrawals, and only start liquidating the risky asset
when this stock is depleted. Third, I restrict the analysis to the case where yrpy > bpy, that is guarantees
are only paid after the a bank has sold the entire stock of sovereign bonds in its portfolio. Finally, I set the
taxes ¢t and the level of public expenditure g to be equal to 0. The rest of the model stays the same.

Given the assumptions above, the amount I'y that the government commits to transfer to banks is now

given by

Iy = max {0, (o) o — g —b) —pub) } |

and the following proposition characterizes the equilibrium for depositors’ and investors’ rollover decisions.

12Proving that rgg > 1 — t is important as otherwise there would not be any strategic complementarity between depositors’
actions, thus there would be no panic runs and, as a consequence, no need to introduce the guarantees.

13 This assumption is important as it makes it possible to avoid a complicated coordination game between banks and foreign
investors at date 1.
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Proposition 6 For given rpg, rgo, g1, ¥ and b, the model has still a unique threshold equilibrium where
all depositors run if they receive a signal below :C% and do not run above and all investors withdraw if they
receive a signal below zlé and roll over otherwise. The equilibrium thresholds {x%,:pl&} are the solution to
the following system:

(o)

7 +
1—b—[nrpo—bpy] T+ |b— B0 | " rL
/u (R($Z;B+5(1_271L_i\)) [n7BO ;Dli]_n[ Py ] 7(;) dn + / U(R(l‘% +6(1_2%))w> dn+
A Y
(el o) o X
—IG "B, T =2rgo—nr 7zl 22
+ / u R(zY% +e(1 —2%))2+pbb 1G_0n+17A = BO) —fA( B G)u(rBo)drH—
n(zh,zb,)
Y 1-b [ bp ]++|:b VLTBO}+ L
—b—[nrpo—bps -2
—/w* u R(ah +e(1-213) T G) —u (R +2(1 - 21“?))“’?’”?“’”)] dn =0
A
(11)
b b
- 5 ()\ +(1-21) (7’”32‘;”6‘ + Tﬂ) - 7) (rpo —ppb— (1= 0))
G x%—@28+5,1+b—@— il —(TGl—'I‘G())—bTé: s
TGl rG1 -7

(12)

zl — a2t ~ . . .
where T = [% + (1 — %)] . The expressions for n(zY, x%) and n(l, xlé) are specified in the appendiz.

The proposition shows that a unique threshold equilibrium also exists in the extended framework. As
in the baseline model, the equilibrium is given by {x%,x%}, that is by the intersection of the curves (11)
and (12) in the proposition. The interpretation of the two expressions, as well as their basic properties, are
as in the baseline model. Most notably, depositors’ and investors’ actions still depend on the growth rate
of the domestic economy Y, and, on the actions taken by all other agents in the economy. As a result, the
thresholds :c% and x% are positively related.

Banks’ holdings of sovereign bonds crucially contribute to the interaction between x4 and z%. In par-
ticular, unlike the baseline model, the risk of a sovereign default— as captured by z%— does not only affect
banks’ stability (i.e., m%) via its impact on the actual amount of guarantees provided, but also, more di-
rectly, through its effect on the repayment that patient depositors expect to receive at the final date. This
is captured by the last term in (11). When a sovereign default occurs, which happens with probability
™ =Pr(Y <Y = {% + (1 — %)}7 banks accrue a net loss on their investment in sovereign bonds
equal to ré. As a result, they have less resources to distribute to the waiting late depositors, who, in turn,
run in greater numbers.

Despite the simplifying assumptions described above, the framework with banks’ holdings of sovereign

bonds is quite rich and does not allow a sharp characterization of the banks’ and the government’s choices.
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However, it is still possible to highlight the channels through which both guarantees and banks’ holdings
of sovereign bonds link the banks’ and the sovereign’s stability and to elaborate on how banks’ holdings
of sovereign bonds interact with the guarantees. To this end, I proceed as follows. First, I disentangle the
effects that banks’ bondholdings have on the equilibrium thresholds and, thus, on the stability of both the
banks and the government. In doing this, I show that the price of sovereign bonds, which can be thought
as a measure of how good they are as store of liquidity, plays a crucial role in determining the sign of the
various effects. Second, I show that the effects of guarantees and those of banks’ holding of sovereign bonds
on the equilibrium thresholds and, in turn, on the bank-sovereign nexus are interdependent and I elaborate
on how such an interdependence hinges on the effect that guarantees have on the price of sovereign bonds.

Effects of sovereign bond holdings on the equilibrium threshold

As for the guarantees, banks’ holdings of sovereign bonds b generate both direct and indirect effects on
the equilibrium thresholds {x%, z%} The direct effect of banks’ holdings of sovereign bonds on investors’
incentives not to rollover (i.e., on z%) is twofold, as also illustrated in Figure 6. First, an increase in banks’
holdings of sovereign bonds increases the resources available at date 2 by an amount %((:)) — Té > 0, thus
easing the government’s budget constraint and increasing investors’ rollover incentives as a result.'* Second,
b also affects the disbursement associated with the provision of guarantees. A higher b leads to a higher or
lower disbursement depending on the price of bonds in the secondary market p,. In other words, depending
on the extent to which holdings of sovereign bonds are a good store of liquidity for banks (i.e., whether
pp = 1), an increase in banks’ holdings of sovereign bonds is either beneficial (if p, > 1) or detrimental (if

py < 1) for sovereign stability.
Insert Figure 6

The direct effect of banks” holdings of sovereign bonds on depositors’ withdrawal decisions (i.e., on z%)
is threefold, as also illustrated in Figure 7. First, b affects depositors’ date 2 repayment, as captured by
the derivative of the first three terms in (11). In the range [n(zY%,2%), n(2Y, 2%)], such an effect is always
positive, since in this case, a larger b translates into more resources available for the government and, in turn,

into a larger transfer associated with the provision of the guarantees. In the other ranges (i.e., for n € [\, 7]

and n € [’y,ﬁ(m%,x%)]), the sign of this effect depends on whether p, 2 1, as it determines the amount

14 Condition %é)) - Té > 0 holds as the government chooses ré in such a way that the marginal cost ré is not higher than
8G(.)

the marginal return a1y -
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of liquidity available to the bank to meet early withdrawals. When p, > 1, a larger b is associated with a
larger depositors’ date 2 repayment, and, in turn, with a smaller x%. In the opposite case, when p, < 1, the
effect is negative in that a larger b leads to a lower date 2 repayment and, in turn, to a higher z%. Second,

b affects m(z%, 2%) and so it determines when the orderly liquidation procedure starts. A larger b implies a

larger ﬁ(m%, x%), that is, as b increases, the orderly liquidation procedure is delayed. Since depositors benefit
from a timely initiation of an orderly liquidation procedure, this leads to a positive effect of b on z%. Third,
because 75 > 1, the larger b is, the larger the losses are in terms of date 2 repayment when the sovereign
defaults. This effect is captured by the derivative of the last term in (11) with respect to b and supports a
positive effect of b on x4. Given all these effects, the overall direct effect of b on z% is generally ambiguous

and tends to be negative when p, > 1, that is when sovereign bonds provide additional liquidity to banks at

date 1.
Insert Figure 7

Consider now the indirect effects. As in the baseline model, indirect effects are captured by the fact

b

that the two equilibrium thresholds affect each other, that is % > 0 and % > 0. These effects
are also present in the extended framework, as shown by Proposition 6, but there is an important caveat.
While the indirect effect of banks’ holdings of sovereign bonds on a:l}’g is present irrespective of the presence
of guarantees, the effect on :clé crucially depends on whether there is a guarantee scheme in place or not.
When guarantees are not provided (i.e., v = 1), a change in the probability of a run does not affect foreign
investors’ rollover decision, while a change in the investors’ rollover decision still affects 2%, as captured by
the last term in (11).15

Interaction between guarantees and banks’ holdings of sovereign bonds

Banks’ holdings of sovereign bonds significantly enrich the analysis of the effect of an increase in the
size of the guarantees scheme. Besides the effects described in Section 3.1, guarantees also influence how a
change in banks’ bondholdings b affects the equilibrium thresholds {x%, xl&}, that is the sign of the direct
and indirect effects described above and their magnitude. Thus, non-trivial interactions between guarantees

~ and bondholdings b may arise and the price p;, seems to play an important role in such interactions.

Consider, first, the case where a change in the size of the guarantees improves sovereign stability and leads

15The absence of an indirect effect of b on a:% when v = 1 results from the simplifying assumptions illustrated above. In
a more general framework, an increase in the probability of a run would, for example, force banks to withdraw their (short-
term) investment in sovereign bonds, in order to satisfy the increased withdrawals, thus, tightening the government’s budget
constraint.
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to pp > 1. Then, an increase in banks’ holdings of sovereign bonds b is likely to lead to a further increase
in both financial and sovereign stability, which, in turn, reduces the need for and the cost of guarantees. In
this respect, guarantees and banks’ holdings of sovereign bonds are to some extent substitutes in terms of
their effects on sovereign and financial stability.

Consider now the case, where a change in v leads to an increase in sovereign instability, causing p, < 1.
In this case, given the set of effects described above, an increase in bond holdings is likely to reinforce the
negative impact that guarantees have on both sovereign and financial fragility. Thus, also in this case, v and
b appear to be substitutes, with changes in bond holdings reinforcing the effects of guarantees.

The interactions between guarantees and banks’ holdings of sovereign bonds suggest that different policies
may be effective in ameliorating the negative spillovers between banking and sovereign debt crises and also

highlight the importance of coordinating such policies.
5.2 Austerity measures

The analysis in the baseline model suggests that the effectiveness of the guarantees in preventing banking
crises and its costs in terms of a higher instability in the sovereign bond market are influenced by the specific
characteristics of the economy and also by the state of public finances.

The potential destabilizing effects of the two-way feedback between banking and sovereign debt crises are
more pronounced the more limited government resources are and the more the government depends on the
issuance of bonds to finance its expenditures. If the government had a sounder budget and more resources
to finance the scheme, besides those raised from foreign investors by issuing bonds, the interdependence
between banking and sovereign debt crises would be lower and so would the likelihood of each type of crisis.
Thus, one possibility for the government to reduce the likelihood of banking and sovereign debt crises is to
implement austerity measures so to improve the state of public finances. In the model, austerity measures
can take two forms: a reduction in the public expenditure g and an increase in the tax ¢ levied on domestic
agents at date 0. Both measures improve government finances and thus, they should positively affect the
credibility of the guarantee scheme and the solvency of the government. However, their effects on depositors’

and investors’ decisions can be very different, as illustrated in the following proposition.

Proposition 7 A reduction in the level of public expenditure § always leads to a lower probability of both

banking and sovereign debt crises. An increase in the tax burden t can be counterproductive and lead to a
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higher probability of both crises when
oz,

ot

ot

The proposition shows that different austerity measures may have very different effects on the likelihood of
banking and sovereign debt crises and their interaction. This result depends on whether a particular austerity
measure only improves public finances or also has a direct effect on depositors’ withdrawal decision.

In this framework, a reduction in the level of public expenditure g has only a direct effect on the gov-
ernment budget, but does not (directly) affect depositors’ withdrawal decision. A lower g is associated with
sounder public finances. As a consequence, the probability of a sovereign default is, ceteris paribus, lower
and investors have a greater incentive to roll over the bonds. This indirectly benefits depositors and reduces
their incentives to withdraw early, since the government has more resources to pay the guarantees at date 1
in the event of a run.

The effect of taxes is more complicated as they directly affect both public finances and the return on
banks’ investment in the opposite direction. On the one hand, an increase in the tax revenue improves the
soundness of government budget. On the other hand, an increase in taxes reduces the initial investment
of the bank and, thus, the expected payoff for the depositors waiting until date 2. When the latter effect
dominates the former, the increase in taxes has a detrimental effect on sovereign stability and may also lead
to an increase in the probability of a banking crisis, thus triggering overall a negative feedback loop between

banking and sovereign debt crises.
6 Concluding remarks

In this paper, I analyze the effect of government guarantees on the probability of banking crises and sovereign
default and on their interaction. To this end, I develop a model where both the banks and the sovereign are
fragile in that they are exposed to roll-over risk. Panic- and fundamental-driven banking and sovereign debt
crises emerge in this framework and their probability, as well as the deposit contract and the interest rate on
sovereign bonds are determined endogenously. Thus, the paper offers a convenient framework for evaluating
the role of government guarantees in triggering the feedback loop between banking and sovereign debt crises
that we observed in the recent euro area crisis.

The analysis is extended to account for the interaction between guarantees and sovereign bond holdings

by banks. This extension highlights that guarantees also affect the trade-off between the benefits of banks’
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holdings of sovereign bonds (e.g., their liquidity) and the costs of exacerbating the adverse effect of a sovereign
default arising in a context where banks hold domestic sovereign bonds. Thus, it suggests that there are
relevant interactions between guarantees and bondholdings to account for when designing policies to tackle
the complementarity between banking and sovereign debt crises.

There are a number of interesting directions in which to further extend this paper. One interesting
extension would be to consider the role of a supranational authority providing the guarantees instead of the
national government. By extending this framework to a two-country model with spillovers across the two
countries, it would be possible to identify the benefits and costs of a supranational authority providing the
guarantees. This analysis could offer interesting insights into the introduction of a pan-European deposit
insurance scheme. Finally, the paper abstracts from the analysis of the potential distortions in banks’
behavior associated with the guarantees. Including those in the analysis would also represent an interesting

extension as there the severity of such distortions should depend on sovereign funding risk.
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A Appendix

Proof of Proposition 1: Take the deposit contract rpg and the interest rates rqo and r¢g1 as given. The
proof consists in a few steps. First, I prove that each group of agents behaves according to a threshold strategy
when assuming that the other group also behaves according to a threshold strategy. Second, I characterize
the two equilibrium thresholds. Finally, I show that they are unique.

When agents within each group behave according to a threshold strategy z{ with k = B, G, the proportion
of agents withdrawing at date 1 is equal to the probability of receiving a signal below z{. Thus, the proportion

of investors withdrawing at date 1 (Y, z%,) is is given by

1 ifYy <z, —¢

. z9,— e .

i(Y,zl,) = 927? ifal, —e<Y <zl +e , (13)
0 Y >zl +¢

while the proportion of depositors withdrawing at date 1 n(Y,z%) is equal to

1 Yy <z% —¢
g _
n(Y,2g) = ¢ A+ (1-N2E fad e <Y <afte - (14)
A Yy >a2% +¢

For both groups, when Y < 2 — ¢, all agents in group k receive a signal below z{ and withdraw at date
1. The opposite is true when Y > z7 4 ¢. In this case, all agents receive a signal above z and wait until
date 2. When Y is in the range [z} — ¢, 2] + ¢], there is a partial withdrawal as some agents receive a signal
below z7 and decide to withdraw at date 1. In the case of depositors, the A early depositors withdraw at
date 1 irrespective of the signal received, that is even when Y > 2% +¢.

Having characterized the proportion of investors and depositors withdrawing at date 1 for any possible
realization of Y given their respective threshold signals 2% and z%,, I can now move on to the conditions
determining the equilibrium thresholds {z%, 2 }. I start with the investors.

Denote as a(Y, rgo, a1, 4, t, n,7y) an investor’ s expected payoff at date 2 from rolling over the investment

in sovereign bonds. This is given by
ra1 [1 —Pr (é(Y, I(i,n(Y,2%),7G0,7B0,t,7)) — (1 —9)rg1 — g < 0)} , (15)

with n(Y,z%) as given in (14). It is easy to see that the expression in (15) increases with Y and
monotonically decreases with the proportion ¢ of investors withdrawing at date 1, when also taking into
account the effect that ¥ has on the proportion of depositors running n (Y, z%). Since the payoff from not
rolling over is fixed and equal to rgg, investors’ problem satisfies the conditions in Morris and Shin (1998)
and Morris and Shin (2003). As a result, for a given 2%, there exists a unique =, such that investors do not
rollover if they observe a signal below zf, and do rollover otherwise.

To compute the exact expression for zf,, I proceed as follows. Investors’ withdrawal decision is charac-
terized by two equations. First, there exists a threshold value of the growth rate of the economy Y72 such
that when Y = Y, the government is at the margin between defaulting and staying solvent. The threshold

Y§ is the solution to

GYE, 1 (YE,2L) ,n(YE,2%),rqo,mBo. t,7)) — (1 — (Y, 2))re1 —g =0, (16)
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. . . n Yg,xg —
with I(i (Y, 2%) ,n (Y, 2%) . 760, 7o, t, 7)) = max {O, 1+t—i(YE,2l)rao — w (rpo— (1 — t))}
and ¢ (YZ, z%,) and n(Y,z%) are given by (13) and (14), respectively.
Second, an investor is indifferent between withdrawing at date 1 and rolling over the investment in

sovereign bonds until date 2 when they receive the threshold signal zf,. Formally, this is the case when
zh —Yi+e

2% =Tqo, (17)

TG

where 26X — 1 _ Pr(G(YE, (i (Y&, %) ,n (Y&, 2%) ,ra0,rB0 7)) — (1 — (Y, 2%))re1 — g < 0)

since, when the investor receives the signal zf,, the posterior distribution of the growth rate of the economy
Y is given by Y ~ Ulzl, — ¢, z, +¢].
From (17) we have

Y§ =al - [G09¢ 4. (18)
TG1

Substituting it into (16) and given that the expression for n (Y, z%) simplifies to

4 -2, r
w0 =+ (- |ty ),

we have condition (8) as in the proposition.

Denoting as fa(z%,2¢) = 0 the condition in (8) pinning down zf, as a function of z%, it is easy to
g g g g
see that fg(z%,2%) decreases with =% (i.e., %‘%’IG) < O) and increases with af, (i.e.,%@’c@@) > O).
Thus, using the irnéoflic(i‘g7 fugn)ction theorem and denoting as ¢ (2%) the solution to fg (2%, %) = 0, it follows
Gprg

-9 = . g9 g9 .
that 2el@s) — 2" < (. Moreover, it holds that “2¢¥8) < 1. This results from the fact that
dz?, ofg g 2L) dz? B
01%

only affects fq(2%,2%,) via the change in I (.), while ¢, also directly affects fg (z%,2¢) via the change in
Y in the G ().

Consider now depositors’ withdrawal decision. This case is more involved since depositors’ utility differ-
ential, as given by (5), does not monotonically decrease with n and i. In other words, a depositor’s utility
differential between withdrawing at date 2 and date 1 is maximal when n = 7(7) rather than when n = 1.
Symmetrically, it is also the case that it is maximal when % solves nrgy = 2 — irgo rather than when i = 1.
This is the case because, for n > 7(i), a depositor obtains the same repayment at date 2 and date 1 and
7(1) is decreasing in i. So, using the terminology in Goldstein and Pauzner (2005), the depositors’ problem
exhibits only the property of one-sided global strategic complementarity in both depositors’ and investors’
actions. Despite this, building on their proof, it can be still shown that a unique threshold equilibrium exists
for the depositors when they believe that investors behave according to the threshold strategy xf..

Recall that the proportion of investors not rolling over and that of depositors running are given by (13)
and (14), respectively. Then, for given =% and z, it follows that for any realization of Y, the proportion of
depositors running and investors not rolling over are deterministic and I denote them simply as ¢ (YY) and
n(Y). The former (i.e., i (Y)) is a number between 0 and 1, the latter (i.e., n(Y")) is a number in the range
(A 1].

Denote as A (zp;,n(Y),7(Y)) a depositor 5’ s expected utility differential between withdrawing at date
2 and running at date 1, when they receive the signal ;. It is equal to

1 rp;te
A(mBj7n(Y),i(Y)):2—€/ ) i)y, (19)
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The function v(Y,n (YY), (Y)) comes from (5) and it is equal to

e {/j {u (R(Y)W) —u (TBo)] dn+ (20)

. /:m [u (R ) % ) _ umgoﬂ dn + /(<)> [u (R(HW) - u(rgoﬂ dn} :

with 72(7) being the solution to

- (1t
14t —irgo = 2=V e = (A =1) (21)
L=y
and 7() that to

1—t+1+t—1irqgo=2—1irgo = nrag. (22)

The lemma states a few properties of the function A (zg;,n (Y),i(Y)).

Lemma 2 The function A (zp;,n(Y),i(Y))
i) is continuos in Tp;;
ii) for any a >0, A(zp; +a,(n+a)(Y), () (Y)) is non-decreasing in a;
iii) in the range [2% — ¢, 2% +¢], A(zpj +a,(n+a)(Y), (i) (Y)) is strictly increasing in a.

Proof of Lemma 2: The function A (.) is continuous in zg; as a change in zp; only affects the limits of
integration in (19). Point (ii) of the lemma implies that the function A (.) does not decrease as a consequence
of a positive shifts in both the signal 2% and beliefs n(Y"). To prove this, I show that, accounting for the
effect that Y has on the proportion of investors not rolling over i (Y) and, in turn, on the guarantees
I (i,n,7B0, TG0, t,7), the function v (Y, n (Y),i(Y)) is non-decreasing in Y. When a increases, depositors
see the same distribution of n, while expecting Y to be larger. A larger Y has a twofold effect. Firstly,
it positively affects R(Y') and, in turn, a depositor’s utility differential v (Y,n (Y),4(Y)). Secondly, for a
given z¥,, a higher signal and, in turn, better fundamentals, may be associated with a lower ¢ (Y'). This
has two effects on v (Y, n (Y),4(Y)). First, a lower i (Y') implies that, in the range [72(¢),7(¢)], a depositor’s
utility differential increases as 2*”’?0_% increases. Second, a higher Y also positively affects the extremes
the integrals n(:) and 7(4), via the change in ¢ (Y). The extreme 71(¢) is more sensitive to changes in Y
than 7(i), as 910 — 4D di _ 1 reo(—y) o dn(i) _ dn() di _ 1ro

as —y- Ay e T dY — 25 for 1 —t > vrpp. The condition

1 —t > yrpo holds because guarantees are paid before the bank exhausts all its resources at date 1 and the

2e T‘Bo—(l—t)

orderly liquidation procedure starts. Thus, a positive shift in the signal enlarges the range [\, 71(¢)], while it
reduces the range [1(7),72(¢)]. Since, v(Y,n (Y),i(Y)) is, ceteris paribus, larger in the range [, n2(7)] than in
the range [n(7),7(4)], it follows that v (Y, n (Y),4(Y")) is non-decreasing in Y once I account for the effects
of Y on i (Y). Point (iii) of the lemma holds because in the range [A\,7 ()], v (Y,n (Y, (Y))) is strictly
increasing in Y and, for Y € [xg — &, xg + E], there is a positive probability that n falls below 7 (i). Thus,
A(zpj+a,(n+a)(Y), (i) (Y)) is strictly increasing in a when Y € [z — ¢, 2% +¢|. QED.

Consider the expected utility differential A (.) of a depositor who has received exactly the threshold signal
z%. By Lemma 2, A (2%,n (Y,2%),i(Y,2f,)) is continuous in 2%. Moreover, A (z%,n (Y, 2%),i(Y,z},)) is
negative in the lower dominance region, while it is positive in the upper dominance region. Thus, there exists
a x9, at which A (z%,n (Y,2%),i(Y,2Z)) = 0 holds. The uniqueness of =%, follows from the property (iii)

that A(z%,n (Y, 2%),i(Y,z})) is strictly increasing in %, when Y € [29, —¢,2% +¢].
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To complete the characterization of depositors’ withdrawal decision, I show that % is indeed a threshold

equilibrium, that is no depositor has an incentive to deviate. Formally, this means that
A(zpj,n(Y,2%),i(Y,2L)) <0 for zp; < z%; (23)

and
A(zgj,n(Y,2%),i(Y,zg)) > 0 for zp; > 2. (24)

To prove that (23) holds, I decompose the intervals over which the two integrals are computed into a

_ [Iijif, QIBJ'+E] and

common part ¢ = [xp; — ¢, xp; +&] N [z% —e, % +¢] and two disjoint parts dp; -

d}, = Lﬁﬂ] Then, it follows that

1

A(a:Bj,n<Ka:gB),z'(mé)>=—/ v(y,n(mg),z(mgmi/ o (Vin(Y,25) i (Y,29)),
2e Jyee 2e Yeds

and

A (z%,n(Y, %), (v, xG)) 216 /YECU(Y,n(Y,xg)J(ng)))—i-216/3/6(19 v(Y,n(Kxg),i(Y,xg))).

Forany Y € dpj,n = 1sinceY < z%—e. Thus, v (Y,n(Y,2§),i (Y,28)) = 0and A (zg;,n (Y,2%),i (Y,28)) =
0 in that interval. In order to show that A (zpj,n (Y,2%),i(Y,2Z)) <0, I need to show that

1
v (Y, n(Y, :L’g) ¥ (Y, a:g)) < 0.
2e Yec
This is true because A (2%, n (Y, z%),i (Y, 2)) = 0 holds and the fundamental in the interval d9, are better
than those in d g, which implies that - fYqu v (Y, n(Y,24),i (Y,28))) > + fYEdBj v (Y,n(Y,28),i (Y,z8)) =
0.
Finally, the condition (7) in the proposition can be obtained by a simple change of variable. From

n(Y,z%) = A+ (1= X) mgB; = as specified in (14), I can rewrite Y = 2% + ¢ (1 — 271‘:?). Thus, the

expression for ¢ (Y, zf,) in (13) becomes i = IG;;B = 2 and the expression is as in the proposition.

Substituting the expression i = e _yB +1=5 mto (21) and ( 2), I obtain the expressions for 1 (x g, z¢) and
7 (zp,z¢) as in the proposition.

Like in the case of investors, I denote as fp(x%,2Z) = 0 the condition (7) in the proposition and as
zp (zf,) the solution to fp(z%,zf) = 0. Given that z(zf,) is the solution to f(z%,2%) = 0, the effect of

z¥, on zp(xy,) can be computed using the implicit function theorem as follows:

afB(a:%,w%)

g
drp(xl) ___ oaf

dz?, Ofp(eh )
0z,

afB(ng,z%)
8$B

BfB(z%,:L’é,)

pr < 0 follow from Lemma 2 and imply M > 0. The

Both conditions > 0 and

dep(2g)
dx q
a change in the signal received by depositors, also affects the function via the direct effect on Y.

condition < 1 holds because, while a change in 2, only affects fp(z%,zf) via a change in (Y, zf,),

To complete the proof of the proposition, I show that {z%, 2%} is unique. This follows from conditions

dzp (xg;)

0<
dmgG

<land0< dm( 2) < 1, as they imply that the two curves, as given by zp (2,) and z¢ (%),
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only cross once. The equilibrium {z%;, z%,} corresponds exactly to the intersection of the two curves and the

proposition follows. [

Proof of Proposition 2: In the economy without guarantees, depositors’ and investors’ withdrawal
decisions are independent of each other and, thus, the two thresholds 2’y and & can be computed separately.
I start with the investors.

Assuming that all investors behave according to a threshold strategy z/, that is each investor rolls over
the bonds if and only if they receive a signal above z¢ and they do not roll over otherwise, the proportion
of investors withdrawing at date 1 is still given by (13), with the difference that we have now z/{ instead of
xf, as the threshold signal.

The characterization of investors’ rollover decisions follows exactly the same steps as in the proof of
Proposition 1 and consists of two equations. First, there exists a threshold value of the growth rate of the
economy Y/5? such that when Y = Y/?, the government is at the margin between defaulting and staying

solvent. The threshold Y is the solution to

GG IG(YE 2, t,rao)) — (L — (YR 2l ))re1 — g =0, (25)
with T(i(Y29, 229), ¢, rqo) = 1+t — “&—ra'te

Second, an investor is indifferent between withdrawing at date 1 and rolling over the investment in

rao and

sovereign bonds until date 2 when he receives the threshold signal 2. Formally, this is the case when

zy =YL+ ¢

= 26
- rao, (26)

rG1

oIV te ~

where —¢—¢ =1-Pr(G(Y,I(i,t,rg0)) — (1 —i)rg1 —g < 0) when the depositor receives the signal
zy since, given the signal, the posterior distribution of the growth rate of the economy Y is given by
Y ~Ulzd —e, o +el.

From (26) we have

TGo
Yol =2 — —2+e.
rGai

Substituting it into (25) we obtain:

B 2
G(xgg—rGOQS—I—&l-l-t—TGO)—(TGl_TGO)_gzov (27)
a1 a1
2
where 1 +1¢ — % = (i(Y£g7$gg)77“G07t)~

Consider now depositors’ withdrawal decision. As for the investors, the proof is analogous to the one
in the proof of Proposition 1, albeit simpler given that depositors’ and investors’ withdrawal decisions are
independent of each other.

The proportion of depositors running at date 1 is still given by (14), with the difference that we have
now ' instead of z% as the threshold signal. The equilibrium threshold 2z’ corresponds to the solution
of a depositor’s indifference condition between withdrawing at date 1 or waiting until date 2. It is given by

the solution to

1—n

70 {u (R(Y(n))l_t_”m) —u (TBO)} dn =0, (28)
A

ECB Working Paper 2067, May 2017 44



where from (14), Y (n) = 2} +¢ — 2¢ (n

for which the bank liquidates all its assets at date 1, that is nrgg = 1 — ¢t. Importantly, % <n(z},z}) as

T ;) and 1 g corresponds to the proportion of depositors running n

defined in Proposition 1. This is the case because ﬁ(x%, zf,) solves 1 —t + (1 +t —irgo) = nrpo.

Having characterized the thresholds ¢’ and 2, I need to compare them with those in the case where
guarantees are in place, as given in Proposition 1. It is easy to see that (8) and (27) only differ in the
expression for I (.). In the economy with guarantees, the amount of resources invested by the government is
smaller than that in the economy without guarantees as shown below when comparing I (i(Y5?, z¢&), rgo, t)

with I (¢(YZ,2%),n (Y, zL) rco, 7o, t,7) evaluated at the same level of Y and z¢

(n(Y,zp) —

1+t—i(Y,zq)reo >max{0,1+t—i(Y,xg)rG0— T ) (7“30—(1—75))}.

Thus, since both (8) and (27) are increasing in Y, it follows that x5 < zf,.

For the case of depositors, the proof is similar. Rearrange (7) as follows
v
[ [ (RO ) =250 = )] et
b [ [u(Roven =) )] dot , (20)
b

29 29
2_J'G B ..

n—>A\,, P
w R(Y(n)) 5 rGot1=x"Go mBo> —u(TB())] dn =0

1-n

n(zrg,28)

Comparing it with (28), it is easy to see that the expression in (29) is larger than the one in (28). The
reason is that the repayment to late depositors withdrawing at date 2 is never lower than that in the economy
without guarantees. Then, since both expressions are increasing in Y, it follows that z%, < 2y, as stated in
the proposition.

I now move on to prove the second result in the proposition. The two thresholds xé and xé corresponds to
"artificial" thresholds computed under the assumption that guarantees are always feasible and so depositors
are always sure to receive the guaranteed amount R(Y)lftf_% when withdrawing at date 2. Under this
assumption, the equilibrium threshold for the depositors xJ,; can easily be computed following the same steps
as in the economy without guarantees.

Denote as z7.  the threshold signal at which a depositor is exactly indifferent between withdrawing at

date 1 and 2 when they expect to always receive the guaranteed amount. Then, the condition determining

the threshold xé is given by

(oo =22) st o (o =HZ22) st -,

where Y (n) = xB +e—2=N - )\ . Comparing (29) with (30), it is easy to see that the former is smaller

than the latter, thus, since both expressions are increasing in Y, it follows that xé < x.

The threshold :ch is analogous to z%,. The condition xé < zf, follows from the fact that ol < 29 and
z¥, increases with depositors threshold signal as shown in Proposition 1. This completes the proof of the

proposition.]

ECB Working Paper 2067, May 2017 45



Proof of Proposition 3: Denote as fp(z%,2,v) = 0 and fg(2%,2,~v) = 0 equations (7) and (8),

respectively. To prove that «% and xf, are increasing in 7, I use the implicit function theorem and obtain

dz,
dy

and

g
dxg

dry

dfp (g 2 )

ofp(z%,xL )

oy

oz

G
Ofc(xp.aty)  Ofc(xg.xdv)
O~ oz,
ofp(z B’IG ) Ofs(af.xd )
Bw 89:%
F) : 9.9
fG(‘tBa-Lga'Y) dfG(‘tBa-Lga'Y)
Oz, oz,

Afp(=zh,xd,)

Afp(=zh,x,)

0z7

B Y
fc(ah el ) Ofc(eh,al )
Oz, 0y
Ofp(x%,2%,y)  Ofp(x%,2d )

055 %550
Ofc(z%,28,y)  Ofc(zg,2d.7Y)
0z, dz,

(31)

(32)

The denominator in both (31) and (32) is the determinant of the Jacobian (J) and it is equal to

afB(xB,:EG’ )3fG($3735G7’Y) afB(xBaxGa )3fG($Bal'G,’Y) _

= oz, oz, oz, oz,

ofp (@ .l v ofg (el ad v

since 0 < Zijg = _W% <land0< d% = —#%%w < 1 from Proposition 1. Thus, the signs of
o ox,
dz—G and é are equal to the opposite signs of the numerators in expression (31) and (32), respectively.
In order for L >0 and dIG > 0, it must hold that
afB(ngvxgav’y) afG(x%ax‘éa’Y) afB(mgBax%a’Y) afG(xgé)m!(];)’y)
5 - 3 <0,
oy oz, oz, v
and
afB($B7$G> ) 8fG(zBaxgv7) 8fB(vaxG7 ) afG(xB7:EG77) <0
oz, oy oy oz, ’
respectively.

g g g
After dividing both expressions above by 87s (gfc‘g’zcﬁ) and 2/¢ EB;IGW), they can be rewritten as follows
B TG

dz’
B
_AVB - dz? AVG’ (33)
e
and
dz?
-G
A — d?, A, g, (34)
ofg (=%, yG ) B,fG(IgB,x%,‘y) da? afG(I%g’ng””
— _67 — _ oy — drp _ __ %rg
where Ayp = G RE Ayg = GGl T and &b = T epehaTy The term A,p and A, ¢
oz, oz ozd
G B

ofp(h,2%)
0

denote the direct effect of v on z%, and zf,, respectively. From (7) and (8), it is easy to see that <

0 and %fcﬁ) > 0 so that Ayp > 0 and A,g < 0. This is the case because a higher v implies
smaller guarantees and ~ only affects z% and zf, via the change in the repayment offered by banks to
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late depositors at date 2 and through the resources invested by the government until the final date I (.) =

max {O 1+t —irgo — ("77) [rBo— (1 — t)]} respectively.

When |A,¢q| < IG AA,B, the expression in (34) is negative and, as a result,

Zi_? are smaller than 1, TAEIRS WAW p implies that the expression in (33) is also negative. It follows that
G B
dxf
- >0 ) )
When |Aq| > i both (33) and (34) are positive. Thus, ;f < 0 and zf < 0 holds. In the
da:
intermediate case, where %AWB < JAygl < 2 g , (33) is negative, while (34) is positive. Then, dw <0
B
dzg
and 25 > 0 and the proposition follows. O

Proof of Lemma 1: To see how the equilibrium thresholds z% and zf, change with the terms of the
deposit contract {rpo, 751} and the interest rate on sovereign bonds {rgo,rg1}, I use the implicit function
theorem with the functions fp(z%,2%) = 0 and fo (2%, zf) = 0, as defined in (7) and (8), respectively.

Consider first the effect of a change in the interest rate rg1. From (7), it is clear that rg1 does not affect
z9, directly. A change in rg; only determines a direct change in x, via its effect on fo(2%, 2Z). Using the
implicit function theorem and given that %fz%) > 0, the sign of the effect of rg1 on « it is equal to

dfa :EB,I’G)
orgi

the opposite sign of , which is given by

= 2e5t : To TaoTBOZ U
arGl )4 G1 31(27 ta B0, TG0, M, ’Y)) r(2}'1 TQGI 1 - v

(m%*”“ GO)( (1-1))
rgo—(1—t

) ) r 2e TG1

since 1(4,t,7po, TG0, n,7) = max { 0,1+t — ror I—y

)

Ofc(x%, =) OG(Y, I(i,t,m0,7c0,1,7)) - _Tao  OG(Y, I(i,t,r0,7G0,7,7)) [7%:0 rGo (rBo — (1 —1))

The sign of the above expression cannot be easily determined since the first two terms have opposite signs.

It follows that an increase in the interest rate rg; has a non-monotone effect on the equilibrium threshold.

ofc(zh,2g) ofc(zh,2g)

~g .
Denote as 7, the solution to D e

= 0. Deriving with respect to rg; again, I obtain:

32f(;(ng, .Z'%) o _86:(1:%’7](@7 t,’l"BO,'f‘GO,TL, 7))4 @_66(5/7 I(i?tarBO7T607n77)) 2"ﬁQGO 2TG'O (TBO - (1 - t))

= - < 0.
81%1 oYy TGl 6I(lat7TBOer07n77)) Té‘l T?C)v'l 1- v

9/6@h28) - () and so the equilibrium thresholds d ith th
Do and so the equilibrium thresholds decreases with the

Ofc(zh,xd)
raga

It follows that for any rg1 < 7%,

interest rate rg1. For rg1 > 7%, instead,

to a higher equilibrium thresholds zZ. Since 2% is an increasing function of z%, the effect of rg1 on the

< 0 implying that an increase in the interest rate leads

equilibrium threshold 2% is analogous.

Now consider the effect of rgg and rgg. These effects on the thresholds :z:% and z% are more involved
since both rpg and rgo directly affect both fp(z%,2f) and fa(z%, zf,).

Consider first rgg. An increase in rpg reduces depositors’ payoff at date 2, while increasing that at date
1, as can easily be seen from (5). As a consequence, the function fp(z%, %) decreases with 7o and so
zp (zf,) increases with it.

Regarding the function fo (2%, %), rpo has also a direct effect on fo (2%, 2%) as the number of units

invested by the government until date 2 depends on rgg as follows:

G R L )

rG1 1=

I(i,t,rBo,rGo,n,7) =1+t — (35)
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Since mtrgo—w < 0, the function fg (2%, zf) decreases with rpg and so zg(x%) increases. As a

consequence, since, for given 2%, and 2%, 29, = zp(zf,) and 2, = x¢(2%) increase respectively with rp and

BmB(mG) Bmg(mB)

given that > 0 and > 0, it follows that the equilibrium thresholds {zZ, 2%} increase with
TBO-

The effect of rgo on {zf,, 2%} is similar. An increases in rgo reduces depositors’ repayment at date 2, as
emerges in (4), due to its negative effect on the actual guarantees paid by the government, thus leading to
an increase of x (). From (35), an increase in 7o reduces I(4,¢,7po, 7Go, 7, 7y), thus implying an increase

also in z¢(2%). As in the previous case, since for given %, and =%, 2%, = zp(zf,) and zf, = x¢(2%) increase

6IB(.LG) 6.Lg(.LB)

respectively with rgo and given that > 0 and > 0, it follows that the equilibrium thresholds

{zf,, 2%} increase with r¢go. This completes the proof of the Lemma. O

Proof of Proposition 4: The proof consists of two parts. First, I show that the equilibrium interest
rate v, lies in the range [1,7%,] and then I show that investors are exactly indifferent between rolling over
the bonds and not rolling over when offered r¢,,;. Consider the limit case when ¢ — 0, 7 — 0 and = =0,
and 2% — Y§ and 2%, — Y.

From Lemma 1, it holds that 5% < 0 if rg; < T¢,, and arc > 0 if rg1 > 74,. Choosing rg, > 72,
is never optimal since, on the one hand, it increases the probability of a sovereign default and, in turn,
the probability of a banking crisis. On the other hand, it also implies a lower supply of public good when
the government is solvent, which is not optimal since the government maximizes the utility of domestic

consumers. Moreover, the interest rate cannot be smaller than 1 since %, > r%, > 1. Thus,

g
1§1"G1<7’ o1

Regarding the second part of the proof, it is useful to consider different ranges of Y separately. Consider
first the case in which the government receives a signal that Y > Y. At the limit, when 7 — 0, ¢ — 0 and
£ — 0, each investor is going to receive a signal that ¥ > Y ¢ and they always roll over since the government
is solvent no matter what the other investors do. In this range, since the probability of a sovereign default
is zero, investors do not have to be compensated for any risk when they decide to roll over the bonds and
thus, it is enough for the government to offer r%; = rZ,, = 1 to induce investors to roll over.

Consider now the range Y (7%,) <Y < Y. I prove that, at the limit, when 7 — 0, ¢ — 0 and £ =0,

the optimal interest rate r%, = r&,, where r¥, is the solution to
Y =Y5(rg).

Assume by contradiction that the government chooses rgl > 7”51 after observing the signal that the

growth rate of the economy is Y < Y. Bein it follows that Y3 (rf,) <Y, which

implies that all investors will roll over the bonds. Settlng an interest rate TGl > r¢, is not optimal since
the government could reduce it and still induce investors to roll over, while providing a larger amount of the
public good and thus higher utility to domestic consumers.

Assume again by contradiction that the government chooses Tél < r&; after observing the signal that

the growth rate of the economy is Y < Y. As it is gT < 0 for rg1 < T4y, it follows that Yg(rcl) >Y,

which implies that no investors will roll over the bonds. Setting an interest rate TG1 < 1Y, is not optimal
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since the government can do better by offering rgq = r{;, thus inducing investors to roll over and staying
solvent.

Finally, consider the range Y < Y (7). The proof that there is no interest rate that the investors are
oYZ

going to accept follows directly from Lemma 1 and from the fact that e

> 0if rg1 > 7%,. When the
government observes Y < Y (7%, ), choosing rf; > 7%, implies that Y (rf,) > Y and no investors are willing
to roll over and the government defaults. Choosing r&, < 7%, implies that Y (r&;) > Y(7%,) > Y and again
no investors are willing to roll over and the government defaults.

Notice that, in the limit case when € — 0, from Lemma 1, I can compute

v {1_ (TBo—(l—t))]\/8§(Y,I(i,t,rgo,1“))
GL = 1ao (1=7)reo ol(i,t,rgo,T)

AG(Y,I(it,rgo,I"))

BTG D) guaranteeing the existence of global strategic com-

It follows that the condition r¢; < rgo

_ (TBO_(l_t)):| AG(Y I(it,rgo.l))

. . . . ) . . g /\g
plementarity within investors’ actions holds since r&, < 7%, and TGO\/[l == Tl =

7oy < TG()W. The proposition follows.[]

Proof of Proposition 5: To prove the result in the proposition, I show that for any ¥ > Y3 (7%,), the
equilibrium threshold for the depositors Y} is never larger than that of the investors Yg unless Y] = Y%,
The proof is in the spirit of Goldstein (2005) and it is done for ¢ — 0, 7 — 0 and £ — 0, that is both signals
are very precise and all agents receive pretty much the same signal.

I start characterizing the equilibrium thresholds in the case where depositors and investors have extreme
beliefs about the actions of agents in the other group. Denote as YJ (i = 1) and YJ (¢ = 0) depositors’
equilibrium threshold in the case they expect that no investors roll over the investment in sovereign bonds
and all investors roll over, respectively. Similarly, denote as Y (n = 1) and Y (n = \) investors’ equilibrium
thresholds in the case where they expect all late depositors to run and to wait until date 2, respectively.
These thresholds under extreme beliefs can be computed following the same steps illustrated in Proposition
1 but fixing the proportion of investors and depositors running in the various cases.'® Since in the case of the
thresholds characterized in Proposition 1, 0 < n < 1 and 0 < ¢ < 1 and depositors’ and investors’ actions are
strategic complements, it follows that equilibrium thresholds Y5 and Y72 lie in the range [Y} (i = 1), Y5 (i = 0)]
and [YZ(n = ), Y(n = 1)], respectively.

Having defined the upper and lower bound of the interval in which the equilibrium thresholds character-
ized in Proposition 1 lie, I now prove that Y < YZ.

Assume by contradiction that Y2 < YJ. Since Y} and Y lie in the range [Y3(i = 0),Y3(i = 1)] and
[Y&(n = X),Yg(n = 1)], respectively, the inequality Y < Y implies that Y5(i = 1) > Yi(n = A).

Given Y/ (i = 1) > Y& (n = X), two cases can be distinguished:
1. Case I Yi(n=1) > Yi(i = 0);
2. Case I Yi(n=1) <Yi(i=0).

Consider first Case I where Y (n =1) > Yj(i = 0).

16 Calculations from the author can be provided.
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A depositor j receiving the signal xp; = Y} is indifferent between running and not running and believes
that all investors roll over the bonds (i.e., ¢ = 0) since Y4 < Y. This implies that depositors’ equilibrium
threshold Y}§ would converge to Y7 (i = 0). Symmetrically, an investor j receiving the signal zf, ;= YS is
exactly indifferent between rolling over and not rolling over their investment in sovereign bonds and believes
that all depositors have withdrawn (i.e., n = 1) since Y < Yj. This implies that investors’ equilibrium
threshold Y converges to Yg(n =1). As Y2 < Y}, it must then hold that YZ(n = 1) < YJ(i = 0), which
is a contradiction with the initial assumption YZ(n = 1) > Y5 (i = 0). The only equilibrium possible in this
case is YZ =Y5.

Consider now Case II where Y (n =1) < Y5(i =0).

A depositor j receiving the signal xp; = Y3 is indifferent between running and not running and believes
that all investors roll over the bonds (i.e., i = 0) since YZ < Y. This implies that depositors’ equilibrium
threshold Y3 would converge to Y3 (i = 0). Symmetrically, an investor j receiving the signal zf, = Y is
exactly indifferent between rolling over and not rolling over his investment in sovereign bonds and believes
that all depositors have withdrawn (i.e., n = 1) since Y < YJ. This implies that investors’ equilibrium
threshold Y& converges to Y4 (n = 1). Thus, the equilibrium can feature Y < YJ, but only if Y = V(i = 0).
The threshold Y7 (i = 0) is identical to the threshold Yg characterized in Proposition 2, as given by the
solution to equation (30), because when all investors roll over the investment in sovereign bonds there are
enough resources in the economy to pay the guarantees. In the case v = A, the expression in (30) simplifies
to

1—t—Arpo

u (R (Y) H) —u(rpo) =0,

which is the same as condition (6) determining Y% and the proposition follows. [J

Proof of Proposition 6: The proof follows closely that of Proposition 1. When all investors and
depositors behave accordingly to a threshold strategy— z% and z%, respectively— the proportion of investors
withdrawing at date 1 i(Y,z%,) and that of depositors running n (Y, z%) are still as given by (13) and (14).

Investors’ rollover decision is computed as in the proof of Proposition 1. The only differences are in the

government’s solvency constraint because

(n—7) (rpo —peb — (1 - b))

I(.):l-i-b—i’l”go— 1_7

)

and the amount &b must be subtracted from the resources available at date 2. Thus, following the same

steps as in the proof of Proposition 1, the condition in the proposition is obtained and it exhibits the same

dw}é (w%)
daz%

Depositors’ withdrawal decision is also computed as in the proof of Proposition 1. A depositor’s utility

properties as the corresponding expression in the baseline model, that is 0 < <1.

differential between withdrawing at date 2 and running at date 1 is still given by (19), but the function
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is now given by

" (R(Y)H_MBO> —u (rBO)} dn+

1—n

+
S~
=y
— y
IS
7N M/ ~

I—v (i) L—n

+
1—b+[nrpo — pob] " + {b— m} rk

Do 1—b—nrpgg+ ppb

-7 |u | R(Y) T —u(R(Y) T > —u(rpo)| ,
with 72(2) being the solution to
— —ppb—(1-0
L=y
and (i) that to
17b+pbb+1+b*i7"go:2+pbb7iT’G0:nTBo, (38)
and 7*being the probability of a sovereign default, that is Pr (Y < YC’;) = W

There are two important differences between (20) and (36). First, the amount that a depositor receives
as part of the guarantee scheme is different, both when the government can pay the promised guarantees
in full and when it cannot. Second, depositors’ repayment at date 2 depends on whether the sovereign is
solvent or not— which in turn is determined by investors’ rollover decisions—, as it determines whether the
interest rate ré on banks’ sovereign bonds held until maturity is obtained or not. This is captured by the
last term in (36).

Despite these differences, all properties of depositors’ expected utility differential, illustrated in Lemma
2, still hold. In particular, once accounting for the effect of Y on ¢, the v (Y,n (Y),i(Y)) function is still
non-decreasing in Y, as the impact of ¢ on the function is not affected by the presence of bonds and thus,
it is the same as in the baseline model. As a result, following the same steps as in the proof of Proposition
1, it can be shown that depositors behave according to the threshold strategy z% when investors behave
according to the threshold strategy x%.

The equilibrium threshold xljg (ml(’;) is the solution to the condition in the proposition, which, as in the

b
baseline model,can be obtained by a simple change of variable. From n(Y,2%) = XA + (1 — )\)13727:%, I can
2zt — b _
rewrite Y = 2% + ¢ (1 — 2%‘?\‘) Thus, the expression for 7 (Y, aclé) in becomes i = 'LGQE B H and the

9 _ .9
expression is as in the proposition. Substituting the expression i = "B 4+ =2 into (37) and (38), I

[(1+b)(1—>\)(1—7)+7(1—/\)(T'Bo—Pbb—(l—b))'i‘/\(l—"/)TGO—(l—)\)(l—V) "Gk c}
(I1=X)(rBo—ppb—(1=b))+rco(1—7)

b b

obtain n(z}y,xy) = b, al

and 7(z%, xs) =

29 _ 29
(24ppb) (1=X)—(1—-X) E5—L rgo+Arco
TBo(1—2) TG0 '

As in the case of investors, x% (x%) exhibits the same properties as in the baseline model, that is

dxlb (’I‘%)

b
dx ¢,

0< < 1. The proposition follows. [

Proof of Proposition 7: Denote as fg(2%,2%,9,t) and fo(z%,2%,7,t), conditions (7) and (8), re-

spectively. The effect of g and ¢ on the equilibrium thresholds {z%, 2%} can be computed using the implicit
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function theorem. Consider first the effect of g.

dfp(z},xg,g,t)

fB(2%,2%,9,t)

g

oz

G
! dfc(zh,xd,gt) Ofc(xh,xd,gt)
T g oz
B _ G
dg Afp(z%,2d,9,t) Ofp(z},xzd,g:t)
Oz, oz,
dfa(a%,xd.g,t) Ofc(zh,xl.g,t)
ang 89:%
and
dfp(zf,xl,g,t) BfB(l‘Jggf%@t)
b, _ %,
d g afG(zB’mg»gﬂt) afG(l’B,IG,g,t)
iy 0z7 g
G _ B
dg afp(zf,xl,g,t) Ofp(z},xl,g,t)
0z, Oxy,
Afc(af,x,g,t)  dfc(eh,xd,g,t)
81‘;73 89:‘2,

The denominators in (39) and (40) are positive, as established in the proof of Proposition 3.

g g
Thus, the sign of L%B and % are given by the opposite sign of their respective numerators. I have the
following
. dng _ . —afB(x%’xg;:?at) afG(mgBa‘réagat) afB(‘r%>x%7§7t) a.fG(l‘gBax%agvt)_
sign—= = —sign — g — g — ;
dg Jg oz, oz, Jg |
and
sion®®6 _ . [0f8(th,26.9.1) 0fc (25, 26,9,1)  Ofp(25,26.9,t) Ofc(eh, 24, 9:t) ]
gn—— = =519 g — g :
dg Oz} aJg dg 0z}
: fp(z%,2F,g,t) : :
Since # = 0, the expressions above can be rewritten as follows:
dz? Ofp(z%,2%.G,t) 0fa(2%, 2, q,t
sign—L = —sign { I s 5t) 9fc( 5169 )
oz ag
and g 9 .9 = 9 .9 =
- de _ . |:afB($BazGagat) afG(xB7xG7g7t)
sign——= = —sign g —
dg Oz} ag
daf da? . Ofc(zh,28,9,:t) Afp(z%,28,9:t) ofp(z},28,9,t)
It follows that - > 0 and Tgc > 0 since %7§G < 0 and *HBG > 0 and # <0.

Consider now a change in the tax burden ¢. Again using the implicit function theorem, it is the case that

dfp(z},xg,g,t)

9fB(z%,2%,9,t)

ot Oz,
g afc(w%,l’%,ﬁ,t) 8fG($gB»IgGa§:t)
dz'g ot 9z,
dt | ofeGaghelgt)  Ofs(ah.algt)
oz oz,
5} 9 29,58 O 9.zl gt
fG(vaxc’gv ) fG(a:B,:DG,g, )
aw% Bz‘é
and
Afp(xh,2,9,t)  Ofe(xh,2d,9,:t)
0z, ot
afG(z%’ng»§7t) 8fG(x?3ang7§at)
dZC“g; 0z, ot
dt | ofeahelgt)  Ofs(xh.ad gt
0z, oxy,
afc(ng,gw?;@t) ch(ri’g,;cz;@t)
oz ox¢,
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and

si Tldx%) — _sian afB(ng,x%7ga t) afG(ngaxéaga t) _ afB(‘r%ax%Hg) t) afG(z%axéaga t)
It g ot ox?, 0x; ot !
and
ot L TOfn(ah 589.0) Ofc(h%.5.0)  Ofa(et: v45.1) Ol ath 9.1
dt oz, ot ot oz, '

g
Consider first %: It is positive if

afB((E%7II,'%,§, t) afG(x%ax%aga t) _ 8fB(ng7x%'7§7 t) 8fG(1'gBam%7§a t)
oz, ot ot oz,

< 0.

dfc(zy,xl ,g,t)
dz,

afp(z%,xl ,g,t)

and
0z,

Divide the expression above by , which are both positive. The inequality

above can be rewritten as g g g
Ozl dxl, 0%

- - —F—-><0
g )
ot dz'y Ot
89:‘;’3 Ba:gc . g g . . 81:‘;73 81:%
where —2 and —5Z represents the direct effect of taxes on 23 and x,, respectively. Since 2 > 0,452 <0
9 9 9 g
and Zig < 1, a necessary condition for C%G >0is agf > 8§f
9
Consider now d;ﬁ—f. It is positive if
6fB(ng7x%7§7 t) 8fG($%az%a§7 t) _ 8fB(m%vnga§7 t) 8fG($%a$%7§a t) <0

ot oz, oz, ot

. . fc(zl =L gt Afp(ah 2 g,
Divide the expression above by fc(z‘fwfc 98 and 225 reed )

, which are both positive. The inequality

above can be rewritten as

- - ——=<0
g )
ot dxf, Ot
9 9 g 9
Since Zii < 1, it follows that dzlc—f > 0 when ag—f > a;f . The proposition follows. [
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