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Abstract
This paper studies the interaction of government debt and financial markets. This interaction, termed
a ‘diabolic loop’, is driven by government choice to bail out banks and the resulting incentives for banks
to hold government debt rather than self-insure through equity buffers. We highlight the role of bank
equity issuance in determining whether the ‘diabolic loop’ is a Nash Equilibrium of the interaction
between banks and the government. When equity is issued, no diabolic loop exists. In equilibrium,
banks’ rational expectations of a bailout ensure that no equity is issued and the sovereign-bank loop is
operative.
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Non-technical summary
This paper examines the conditions for the existence of the diabolic loop between banks and sovereigns.
The analysis identifies three key components. First, the valuation of government debt reflects the probability
of sovereign default. Second, banks hold government debt and their operations are affected by fluctuations
in the price of this asset. Third, the government has an incentive to bailout banks which get into solvency
problems.
We focus on the role of beliefs in generating the sovereign-bank loop. In this case, pessimism about
government default reduces the value of government bonds. Because banks hold sovereign debt, this hurts
banks balance sheets and threatens the solvency of the financial system. Because large-scale bank failures
are very costly, this induces the government to bail out banks in order to prevent them from collapsing.
The government’s choice, however, increases the likelihood of a sovereign default. This is the diabolic loop
in its purest form - the government’s bailout decision saves the banks from the immediate consequences of
pessimism but also validates the initial pessimism itself.
Our mechanism relies on the fact that banks hold the debt of their own government and do not issue
sufficient equity to protect their solvency from declines in the price of government debt. This is indeed the
case in the data. Banks tend to hold (their own) government debt while treating it as a riskless asset when
calculating how much bank capital they should maintain in order to protect depositors against loss.
The model has implications which are fully consistent with this feature of the data. Banks have no
incentive to issue equity because they anticipate a government bailout if they get into trouble. In fact, they
increase their holdings of risky government bonds because they expect to be compensated if losses occur.
We identify plausible conditions, related to the costs of sovereign default and a breakdown of the banking
system, that lead governments to bailout banks in the event of insolvency thus validating the initial bailout
expectations. Consequently, banks are incentivised to buy a lot of government bonds without issuing equity.
Importantly, the analysis makes clear that bailouts of domestic banks by national governments contribute
to, rather than offset, the instability of debt markets. This is made explicit in our model as sovereign debt
fragility arises due to a strategic complementarity between the buyers of government bonds, operating
through government default, as in Calvo (1988). Since the government’s ability to repay debt depends
inversely on the real interest rate it has to pay, this opens up the possibility of self-fulfilling pessimistic
equilibria in which the high interest rate needed to compensate bond holders for high expected default risk
weakens the government’s solvency and validates the pessimistic default expectations.
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There are actions by banks and governments to break this vicious circle. On the banking side, equity
cushions can break the adverse feedback between banks and sovereigns. Banks that hold adequate capital
against potential sovereign risks can absorb losses from government default thus becoming completely insulated from developments in debt markets. However, when banks expect bailout assistance to be provided
ex post, the incentive for them to self-insure by building up equity buffers against losses disappears. In this
way, the analysis contains an important moral hazard problem: the incentive for banks to hold government
debt without equity buffers is impacted by an anticipated bailout choice of the government. On the sovereign
side, if the resolution of a collapsed financial system is not very costly, then governments will choose not
to provide a bailout in our model, thus severing the diabolic loop. Further, a sovereign with the power to
commit ex ante would choose not to do so, leaving it to the banks to protect their solvency through equity
buffers.
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1

Introduction

The following quote is from a 2012 speech by IMF Director Christine Lagarde:
We must also break the vicious cycle of banks hurting sovereigns and sovereigns hurting banks.
This works both ways. Making banks stronger, including by restoring adequate capital levels,
stops banks from hurting sovereigns through higher debt or contingent liabilities. And restoring
confidence in sovereign debt helps banks, which are important holders of such debt and typically
benefit from explicit or implicit guarantees from sovereigns.1
This statement by Christine Lagarde highlights a natural feedback, often termed a ‘diabolic loop’ between
a government’s incentive to bailout banks and its incentive to default on its own debt.2 There is ample
evidence of these interactions.
Following the Greek sovereign debt write-down in 2011, the four largest Greek banks made losses of more
than 28 billion euros (or 13% of GDP).3 This was enough to wipe out almost all of their combined equity
capital. Greek banks that were otherwise solvent, were made insolvent by the default of their sovereign
whose debt they were holding.
In 2010, the Irish government ran an unprecedented peace-time deficit, reaching 32% of GDP as it bailed
out its banking system. Under the weight of nationalized banks’ losses, Ireland was forced to seek financial
support from the IMF and the EU in November 2010. In this case, a government which had previously
had one of the lowest levels of debt to GDP in Europe, suffered a withdrawal of funding as markets became
concerned about the contingent liabilities involved in bailing out its large, insolvent banking system.
Throughout the rest of southern Europe (most notably Italy and Spain), this ‘diabolic loop’ has not led
to outright sovereign default but nevertheless contributed to strains in sovereign and bank debt markets
due to beliefs that government default was increasingly likely. Though outright default is infrequent, the
interaction between beliefs (confidence) about default and the functioning of the intermediation process, as
in these countries, is part of the ‘diabolic loop’. This is consistent with the emphasis on “confidence” and
thus beliefs about default in the quote of Christine Lagarde.
The goal of this paper is to identify the conditions for the existence of a ‘diabolic loop’. The analysis
1 This entire speech by Christine Lagarde, Managing Director, IMF, is available at https://www.imf.org/external/np/
speeches/2012/012312.htm
2 The term ‘diabolic loop’ was evidently coined by Markus Brunnermeier in a presentation on the Euro Crisis at the July
2012 NBER Summer Institute.
3 National Bank of Greece, Alpha Bank, Pireus and Eurobank.
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identifies three key components. First, the valuation of government debt reflects uncertainty regarding the
prospect of default. Second, banks hold government debt and their operations are affected by fluctuations
in the price of this asset. Third, the government has an incentive to bailout banks who get into solvency
problems. We discuss these in turn.
The analysis ties the fragility in asset markets to beliefs of agents about government default. This is, in
turn, connected to the willingness of the government to bailout banks, as in Ireland.4 In this case, pessimism
about government default hurts banks balance sheets and thus induces the government to bail out banks
in order to prevent them from collapsing. The government’s choice, however, increases the likelihood of a
sovereign default. This is the ‘diabolic loop’ in its purest form - the government’s bailout decision saves the
banks from the immediate consequences of pessimism but also validates the initial pessimism itself.
This mechanism relies on the fact that banks hold the debt of their own government and do not issue
sufficient equity to protect their solvency from declines in the price of government debt. This is indeed the
case in the data. Banks tend to hold (their own) government debt while treating it as a riskless asset when
calculating how much bank capital they should maintain in order to protect depositors against loss.
The model has implications which are fully consistent with this feature of the data. Banks have no
incentive to issue equity because they anticipate a government bailout if they get into trouble. In fact, they
increase their holdings of risky government bonds because they expect to be compensated if losses occur. We
identify plausible conditions, related to the costs of sovereign default and a breakdown of the banking system,
that lead governments to bailout banks in the event of insolvency thus validating the initial expectations.
Consequently, in an equilibrium with government bailout, banks are incentivised to buy a lot of government
bonds without issuing equity.
Both of these features of the equilibrium are the result of optimizing choices by banks and governments.
The ‘diabolic loop’ exists as a subgame perfect Nash equilibrium.
Importantly, the analysis, consistent with the episodes described above, makes clear that bailouts of
domestic banks by national governments contribute to, rather than offset, the instability of debt markets.
This is made explicit in our model as sovereign debt fragility arises due to a strategic complementarity
between the buyers of government bonds, operating through government default, as in Calvo (1988). Since
the government’s ability to repay debt depends inversely on the real interest rate it has to pay, this opens
up the possibility of self-fulfilling pessimistic equilibria in which the high interest rate needed to compensate
4 The

analysis discusses other mechanisms such as the financing of fixed government expenditures and debt rollover.
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bond holders for high expected default risk weakens the government’s solvency and validates the pessimistic
default expectations.
Given the instability of debt markets, how are households insured? The insurance may arise through the
banking system, where the risk is borne by risk neutral bank equity investors who absorb any losses on bank
government bond holdings. Or the insurance may arise through a government bailout of the banks, financed
by government borrowing. We show that the two modes of providing insurance deliver the same utility to
risk averse households but at very different social cost. While insuring through equity is costless and avoids
debt fragility, bailouts are the reason for debt fragility and bring deadweight default losses to the extent that
they lead to a positive probability of government insolvency.
To be clear, there are actions by banks and governments to break this vicious circle. On the banking side,
equity cushions can break the adverse feedback between banks and sovereigns. Banks that hold adequate
capital against potential sovereign risks can absorb losses from government default thus becoming completely
insulated from developments in debt markets. However, when banks expect bailout assistance to be provided
ex post, the incentive for them to self-insure by building up equity buffers against losses disappears. In this
way, the analysis contains an important moral hazard problem: the incentive for banks to hold government
debt without equity buffers is impacted by an anticipated bailout choice of the government.
On the sovereign side, if the resolution of a collapsed financial system is not very costly, then governments
will choose not to provide a bailout in our model, thus severing the diabolic loop. Further, a sovereign with
the power to commit ex ante would choose not to do so, leaving it to the banks to protect depositors through
equity buffers.5
The paper is structured as follows. The next section reviews closely related papers. Section 3 outlines
the baseline model. The multiplicity of valuations of government debt is highlighted in Section 4. Section
5 defines and characterizes the Nash equilibria of the interactions between the banks and the government.
This section provides conditions for the existence of the diabolic loop. Section 6 concludes.

2

Related Literature

The interaction between sovereign and bank balance sheets has been the subject of a growing literature.
There are both empirical and theoretical contributions related to our work.
5 Of course, as the analysis in the paper will demonstrate, such a commitment will be costly ex post and therefore difficult
to achieve.
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There is ample evidence for the interaction we study in the paper. Acharya, Drechsler, and Schnabl (2014)
and Hannoun (2011) show that European sovereign and bank CDS prices exhibit positive co-movement over
the crisis period while showing little correlation pre-crisis. When government and bank balance sheets
become closely intertwined, their default probabilities become highly correlated too. Our focus on bailouts
as an important linkage between banks and sovereigns is supported by Pagano (2014) who provides evidence
that European governments have shown a greater willingness to provide assistance to financial institutions
compared to the US and UK.6
Acharya, Drechsler, and Schnabl (2014) also model the balance sheet linkages between banks and
sovereigns but take banks’ sovereign debt holdings as given while Livshits and Schoors (2012) examine
the incentives of banks to overinvest in risky government debt. Neither of the two considers how anticipated
bailouts affect banks’ incentives to invest in government bonds and/or issue equity to guard against sovereign
exposures.7
In an independent but closely related paper, Farhi and Tirole (2014) examine the effects of fundamental
shocks in creating feedback effects between banks and sovereigns. Their paper constructs a model in which,
again, banks overinvest in sovereign debt and governments find it optimal to bail them out ex post, activating
the loop. Farhi and Tirole (2014) focus on explaining why domestic banks do not diversify their government
bond portfolios instead choosing to hold domestic bonds even when risks are high. In contrast, our paper
emphasizes strongly the role of bank equity as a mechanism to avoid the sovereign-bank loop. In our
framework, banks’ weak incentives to issue equity against sovereign exposures is a key reason why the loop
exists in the first place. Further, our analysis stresses the significance of beliefs about default.
Uhlig (2013) appeals to a different form of moral hazard in order to explain banks’ tendency to hold
large quantities of government debt. In Uhlig (2013), inadequate collateral haircuts imposed by the central
bank in a monetary union allow weak country banks to profitably default on the central bank when economic
fundamentals deteriorate. Leonello (2014) analyses strategic complementarities between bank depositors and
sovereign debt holders and uses a ‘global games’ framework to endogenize the crisis probability.
Gennaioli, Martin, and Rossi (2013) offer a more positive view of banks’ government debt holdings. They
show that banks’ domestic debt exposures can serve as a government commitment device against strategic
6 Pagano (2014) examines the difference in banks’ ‘standalone’ credit ratings with the ratings they receive when potential
government support is taken into account. He shows that government support reduces banks’ funding costs by 60 bps in the
EU as compared to 10-20 bps for the US and UK.
7 Bolton and Jeanne (2011) consider international spillovers through cross-country sovereign debt holdings. Lucas, Schwaab,
and Zhang (2014) present evidence for such cross-country spillovers. Lucas, Schwaab, and Zhang (2017) examines the macroeconomic effects of higher sovereign default risk in a quantitative macro model of the Italian economy.
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sovereign default. Defaulting on debt held by banks causes large credit contractions so when selective default
is impossible, this increases the amount of debt the government can credibly promise to repay.
Our paper differs in two important respects from theirs. First, our focus on multiple equilibria shifts the
emphasis on to beliefs about default rather than the occurrence of default itself. In our model, movements in
the price of government debt damage bank balance sheets long before payments on government debt become
due. Then a government which would like to safeguard financial intermediation only has bailouts at its
disposal in order to do so. This is the second key departure of our paper from Gennaioli, Martin, and Rossi
(2013). In their model, a bailout is exogenous and has no implications for the value of government debt. In
ours, the bailout of the banking system is endogenous and has a direct influence on the value of government
debt. It is key to establishing the two-way linkages between banks and sovereigns: if the government chooses
to bailout the banks, then its debt burden and its cost of borrowing rise, making future default more likely.
Broner, Erce, Martin, and Ventura (2014) show using a different mechanism, that banks’ holdings of
government debt can become a source of multiple equilibria in the sovereign debt market by crowding
out lending for productive purposes during fiscal crises.8 Our mechanism for generating multiplicity is
complementary to theirs and relies on the feedback between government bailouts of banks and the probability
of sovereign default.
Our analysis differs from these other studies in a number of ways. First, our paper places strategic
complementarities and multiple equilibria at the heart of the analysis.9 For us, beliefs about default are
critical as they drive debt prices and, in turn, bank solvency. The diabolic loop is instrumental here in
two dimensions. The link from the debt market to banks can amplify the effects of strategic uncertainty
associated with the valuation of government liabilities. Further, a credible promise to support the banks can
by itself become the source of multiplicity.
Second, our analysis highlights the role of banks’ equity buffers for the existence and severity of the
‘diabolic loop’. As we show subsequently, significant investments in government bonds are not a problem per
se as long as banks hold significant capital buffers against sovereign exposures. But, anticipating a bailout,
banks will not have an incentive to create this equity buffer. In this respect our paper is also related to
the work of Admati and Hellwig (2013) which stresses the importance of adequate equity buffers in order to
8 Gennaioli, Martin, and Rossi (2014) and Popov and Van Horen (2015) provide empirical evidence of such effects in the
european sovereign debt crisis.
9 Yet another approach to analyzing strategic complementarities would be to use the global games approach of Carlsson and
Van Damme (1993) and Morris and Shin (1998) to obtain uniqueness and replace a response to sunspots with amplification
of fundamental shocks. As, for example, Vives (2014) has argued in the context of a banking fragility problem, uniqueness
actually obtains under very restrictive assumptions on the interplay of private and public signals. See De Grauwe and Ji (2012)
for a discussion of empirical evidence.
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make banking safe without resorting to bailouts.
Finally, our analysis ties the bank and debt fragility together through the process of dealing with failed
banks. If the breakdown of the intermediation process, mediated through an optimal resolution mechanism,
is not too costly, then the government’s will not have a big incentive to support the banking system. This
leaves depositors vulnerable to any banking instability, leading to self-insurance via equity buffers. In this
case, paradoxically, the probability of government default is lower since the banks are not supported.10
Further, for the baseline specification of the model, the diabolic loop does not exist when the sovereign does
not bailout the banks.

3

Framework

Time lasts for three periods: 0, 1 and 2. There are four types of agents: households, banks, investors and
the government. This section presents and analyzes the choices and objectives of these agents.
The model has three principal components. The first is a banking relationship between intermediaries
and depositors, following Diamond and Dybvig (1983). This section includes the bank contracting problem.
The second component is the pricing of government debt, following Calvo (1988) and others.11 The third is
the government’s decision whether the bail the banks out or not. The analysis of debt pricing is presented
in the next section.
Two choice problems, presented in this section, are key to the construction of sunspot equilibria. First,
the contracting problem between banks and households includes a critical choice of how much government
debt to hold and whether to issue equity in order to buffer depositors against fluctuations in the value
of sovereign debt. A government bailout that protects banks without equity buffers against a pessimisminduced decline in the market value of sovereign debt impacts the above two decisions. Second, in the event
of pessimism, the government chooses whether or not to bailout otherwise insolvent banks.
Ultimately the uncertainty in the model will come from self-fulfilling variations in investors beliefs about
government debt repayment. That is, we will study debt fragility as part of a sunspot equilibrium. In
framing the choice problems for agents, let s denote the state of the economy.
10 This contrasts with Gennaioli, Martin, and Rossi (2013). In their setting, a costly bank resolution mechanism is an
important commitment device to limit default.
11 There are now a number of papers building on Calvo (1988), including Cole and Kehoe (2000) and, more recently, Corsetti
and Dedola (2012), Roch and Uhlig (2012), Cooper (2012) and many others.
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3.1

Households

Households are of size 1. They have an endowment of goods d at t = 0 with preferences represented by:

V0H = πu (c1 + βc2 ) + (1 − π) u (βc1 + c2 )

where β is less than 1. With probability π they are early consumers who prefer consuming at t = 1 and with
probability 1 − π they are late consumers who prefer consuming at t = 2. The shares of early consumers at
the aggregate level is fixed at π. We assume u(·) is strictly increasing, strictly concave and u(0) is finite.

3.2

Banks

Following Diamond and Dybvig (1983), consumers can share liquidity risk through the banking system. As
in that framework, household types are private information. Since our focus is on strategic uncertainty
emanating from debt markets, the role of private information in generating bank runs is not key to the
analysis. Instead, the Diamond and Dybvig (1983) model is used to emphasize liquidity transformation by
banks through the holding of government debt.
Banks construct a portfolio for households which provides the needed liquidity while still taking advantage
of longer term investment opportunities. In addition to liquidity, the bank provides insurance to households,
both against their individual taste shock and government default risk. As is well understood, it is this
interaction of liquidity needs and illiquid investment that can lead to fragility in the banking system. In our
framework, by holding government debt as a means of meeting the liquidity needs of households, the bank
is exposed to fluctuations in the value of government debt.

3.2.1

The Banking Contract

Banks are competitive. Ex ante, banks offer contracts to consumers. The contract specifies the levels of
early, denoted cE (s), and late consumption, denoted cL (s, 1G ), dependent on the sunspot state s, realized in
period 1, as well as the period 2 government repayment decision, where
on its debt and

1G = 1 if the government defaults

1G = 0 if there is repayment. They raise deposits d from households in period 0. Investors

also supply equity, denoted x0 , to the bank.
Banks invest in two types of assets in period 0. They can buy government bonds b0 at price q0 . These
bonds do not pay a coupon at the middle date but can be traded in the secondary market. Second, banks
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can make long term investments i0 that return R > 1.12
These investments have a liquidation value at the middle date of 0 ≤ ε ≤ 1. Banks can adjust their
portfolios in the middle period, after s is realized.
The optimal contract between the banks and the households solves:

i0 ,b0 ,x0

max

1G ),δ2 (s,1G ),l1 (s),b1 (s),L1 (s)

,cE (s),cL (s,



E[πu cE (s) + (1 − π) u cL (s, 1G ) ]

(1)

such that
i0 + q0 b0 ≤ d + x0

(2)


πcE (s) ≤ q1 (s) (b0 − b1 (s)) + εl1 (s) + L1 (s) + T q1 (s) , q1T , b0 ∀s

(3)

(1 − π) cL (s, 1G ) ≤ (1 − 1G )b1 (s) + R (i0 − l1 (s)) − δ2 (s, 1G ) − rb (s)L1 (s) ∀s

(4)

Eδ2 (s, 1G ) ≥ Rx0 .

(5)





Eu cL (s, 1G ) ≥ u βcE (s) ; u cE (s) ≥ Eu βcL (s, 1G ) ∀s

(6)

In this problem, the expectation is taken over the distribution of the sunspot variable, s, and over the
distribution of government default.
From (2), the total funding of the bank, d + x0 , is invested in illiquid investment, i0 and government
bonds, b0 , at a price q0 . The funding for the payment to the early households comes from four sources,
as indicated by (3). First, the bank can sell some of the government debt it acquired in period 0 to the
investors to obtain goods for early consumers. These sales occur at a state contingent price q1 (s). Second,
the bank could liquidate some of the illiquid investment, denoted l1 (s) in (3). The liquidation of the illiquid
technology is equivalent to having access to a storage technology with a return of ε between period 0 and
1. Third, the bank could borrow from investors or other banks, denoted L1 (s) in (3), at a rate rb (s).13 We
12 An alternative source of liquidity for banks is for banks to lend to investors or other banks at the early date. We do not
consider this alternative liquidity source in our analysis. If such a market did exist in the model, then in equilibrium, banks
would be indifferent between using it and using bonds as liquidity. Hence, the fact that we ignore such a market is not a binding
restriction on the set of assets banks have access to.
13 The interbank market does not play a crucial role in the analysis but it simplifies the banking contract considerably.
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refer to this as a loan in the interbank market.

Fourth, the bank may receive bailout transfers T q1 (s) , q1T , b0 from the government which depend on
the current debt price (q1 (s)), a target debt price (q1T ) as well as the bank’s holding of government debt. The
dependence of the transfer on the bank holding of government debt is taken into account in the contracting
problem. This transfer function is motivated and explained in Section 3.4.
The contract is subject to the usual incentive compatibility constraints (6) that state that the contract
allocations must be such that consumers prefer their own allocation rather than the allocation of the other
type. Here the allocation of late consumers is, in principle, subject to uncertainty due to the possibility
that the government defaults on bonds held to maturity by the bank. Thus the expectations operator in (6)
includes uncertainty over sovereign debt repayment at the final date.
Importantly, banks are not forced to hold government debt. They can meet liquidity needs in period 1
by borrowing from investors or other banks. As we shall see, this choice between the holding of government
debt and utilizing the interbank market is determined in equilibrium and influenced by both the uncertainty
over the pricing of government debt and the bailout decision of the government.
From (4), the state contingent consumption of late households is financed by the bonds held until the
last period as well as the return on the illiquid investment that was not liquidated in the middle period.
Further, the bank has the returns to investor loans made at the middle date.
The penultimate constraint, (5) ensures that the expected return on equity is not less than the outside
option of investing x0 in the illiquid technology. Here δ(s, 1G ) is the state contingent payout of dividends to
equity holders. The nature of this contingency and thus how the investors provide insurance to depositors
is part of the equilibrium construction.
The potential risks to depositors should be clear from this optimization problem. First, there is uncertainty over the period 1 value of government debt. Second, there is sovereign default risk. The optimal
contract will optimally allocate this risk between households and investors as well as provide liquidity to
early households.
The first-order conditions for this problem are analyzed in Section 7.1 in the Appendix. These conditions
are used to characterize the equilibria in Section 5.
Without it, banks that buy more government debt at the early date than needed to provide consumption to early households,
would be exposed to the risk of government default. This would complicate the contract exposition without bringing significant
additional insights. The interbank market allows banks to buy large quantities of government debt at the early date but sell it
to investors at the middle, replacing government bonds with investor loans. This way, no depositor is exposed to risk and the
banking contract is exactly like in Diamond and Dybvig (1983).
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3.2.2

The Bank Resolution Mechanism

In the construction of equilibria, it will be necessary to describe the outcome of the banking arrangement
when banks anticipate government support but, off the equilibrium path, it chooses not to provide it. Under
such an eventuality, the bank is insolvent and must be ‘resolved’. We will delay a full discussion of the
‘resolution mechanism’ until the characterization of equilibria. For now, it is important to stress that the
resolution procedure we assume is costly in the sense that a fraction ψ of bank assets are lost if a bank is
resolved. This is in line with the empirical evidence in Bennett and Unal (2014) who estimate that around
12% of bank assets are lost in FDIC resolutions.14 Such resolution costs will be important in motivating the
government’s willingness to bail out failing banks and keep them operating as ‘going concerns’.

3.3

Investors

Investors are risk neutral agents (of size 1) with endowments in periods t of At for t = 0, 1, 2. They consume
in periods 1 and 2 with preferences given by c1 +

c2
R.

The assumption that investors discount at

1
R

will

determine the asset returns in equilibrium.
In the first period, investors allocate their endowment to the purchase of government debt (bI0 ), bank
equity (x0 ) and illiquid investments (iI0 ). Their budget constraint in period 0 is:
A0 = q0 bI0 + x0 + iI0 .

(7)

cI1 (s) = A1 + q1 (s)(bI0 − bI1 (s)) − LI1 (s)

(8)

Their budget constraint in period 1 is:

as the investor can purchase government debt of bI1 (s) − bI0 and lend to banks, LI1 (s). The budget constraint
in period 2 is:

cI2 (s, 1G ) = (1 − τ (1G )) A2 (1G ) + bI1 (1G ) + RiI0 + δ2 (s, 1G ) + rb (s)LI1 (s)

(9)

where τ is the tax rate on investors’ endowments. In period 2, the endowment of the investor is augmented
by the returns to bond holdings and the long term investments plus the repayments on bank loans. The
14 To be clear, these do not refer to the loan losses that made the bank fail in the first place. The costs identified in the paper
are expenses incurred in the actual process of resolving the failed bank.
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government default decision influences investor consumption through the tax rate, the investors’ endowment
(explained below) and the return on bonds.
The investors’ endowment at the final date, A2 , serves as the tax base for debt service. Its value depends
on the default choice of the government. As in Eaton and Gersowitz (1981) and the literature that followed,
government default leads to output costs. This is reflected in the (1 − γ 1G ) term in the investors’ endowment
where

1G = 1 if the government defaults. Specifically, the investor’s endowment in the last period is given

by:
A2 = Ā(1 − γ 1G ).

(10)

To be clear, our timing of events in the model implies that the default choice of the government does not
directly impact the banking system. By the time default takes place at t = 2, the intermediation process is
complete, which is why the cost of sovereign default is implemented via the exogenous partial endowment
loss as in Eaton and Gersowitz (1981). In contrast, Gennaioli, Martin, and Rossi (2013) microfound output
losses from sovereign default by assuming a timing where default occurs in the middle of the intermediation
process, therefore disrupting it and causing a decline in investment and economic activity.
Our different timing reflects our emphasis on beliefs about default triggering a sovereign-banking loop
as opposed to the actual occurrence of default. For the existence of a sovereign-banking amplification loop,
two things are essential. Firstly, the government must still be able to issue debt in response to investor beliefs
about its solvency as well as the financial health of banks. Secondly, the price of sovereign debt must react
endogenously to the actions of the government as well as investors’ beliefs about its likelihood of repayment.
Exogenous default costs are a simplification that allow us to focus on the issue we are interested in but do
not affect the nature of our results.

3.4

The Government

The government issues debt B0 at price q0 in period 0 to fund government expenditure G0 . This is two-period
debt with repayment due in period 2.
We assume that the size of time 0 government spending is smaller than the deposits of households in the
bank. This makes it feasible for banks to buy the entire government debt stock which is convenient in the
construction of the pessimistic equilibrium with government intervention.
Assumption 1 d > G0 .
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At the middle date, the government issues additional debt to finance transfers to support the banking
system. Specifically, consider a scheme in which the government buys back debt from banks at a target price
q1T . Therefore it makes an aggregate transfer of:

T (q1 , q1T , B0B ) = B0B (q1T − q1 )

(11)

where q1T is the buyback price of debt and q1 is the prevailing price of debt under pessimism. Here B0B is
the total amount of debt held by the banking system at the start of period 1. The transfer in (3) is simply
a bank specific version of (11) with B0B replaced by the individual bank’s holding of government debt.
For notational simplicity, let T (q1 ) represent transfers to the banking system when the current price of
debt is q1 .15 The debt outstanding at the end of period 1 is written:

B1 (q1 ) = B0 +

3.4.1

T (q1 )
.
q1

(12)

Taxation and Default

The government taxes investors’ endowments A2 at the final date. The tax rate required to meet the total
obligations of the government is equal to
τ=

B1 (q1 )
.
A2

By taxing investors’ endowments, the government taxation does not directly impact the intermediation
process.
To introduce the possibility of default into the analysis, assume the government’s capacity to tax the
endowment of the investors is random and drawn from a known probability distribution F (τ̃ ) with associated
density f (τ̃ ).16 The uncertainty about tax capacity, denoted τ̃ , is realized at the final date. This naturally
leads to the possibility of default due to bad fundamentals (as opposed to strategic default): a low realization
of τ̃ could trigger government insolvency despite a large tax base (A2 ).17
If τ̃ <
equal to F

B1 (q1 )
A2 ,



B1 (q1 )
A2

the government must default on its obligations. The probability of default is therefore



while the probability of repayment is given by 1 − F B1A(q2 1 ) . Once the government

is forced to default, it defaults fully. But, if τ̃ >

B1 (q1 )
A2 ,

the government repays its debt obligation. No

15 Here

we suppress dependence of the transfer on bank holdings and the target price for debt.
A2 could be random. In this formulation, these approaches are equivalent.
17 Section 7.4.3 as well as Section 7.2 in Cooper and Nikolov (2017) discusses the case of strategic default.
16 Alternatively,
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additional taxes are collected.
To capture the idea that there is some certainty to the government revenue stream, assume τ̃ = τ̄ + ξ
where ξ > 0 is random. Here τ̄ represents the non-stochastic part of tax capacity.18 The government is
assured revenue of τ̄ A2 which ensures that an equilibrium without sovereign default exists in our economy.
We assume the government has enough revenue to cover B0 , so F (B0 ) = 0. This is a restriction on the
level of inherited debt, B0 and the non-stochastic part of the tax system.
Assumption 2 τ̄ A2 ≥ B0 .
3.4.2

The Government’s Bailout Choice Problem

While the government’s default decision in the last period is determined by its exogenous debt capacity, the
government makes a key decision in the model: its choice in the middle period to bailout the banks. This is
a key element in the diabolic loop. If the government does not bailout the banks, then the loop disappears.
Understanding the government’s incentives to provide a bailout is complicated since this decision is made
along an equilibrium path. As we construct a number of equilibria, there is no single simple expression for
the choice problem of the government.
Intuitively, the government faces the following trade-off that underlies the analytics developed in the
proofs of Propositions 2 and 3. Assume there is pessimism about the government’s ability to repay its debt
in the final period. Consequently the value of government debt is low and banks, who chose not to issue
equity, are in trouble. If the government allows the banks to fail, there is a cost of bank resolution. If the
government bails out the banks it must issue more debt to finance these transfers. This further reduces
the likelihood of repayment on its debt obligations in the last period and thus increases the likelihood of
incurring the sovereign default cost.
The government’s choice under pessimism to bailout the banks depends on these costs and benefits.
Importantly, this choice, which is anticipated by the banks, influences the portfolio decision of banks and
their equity issuance. Thus the government and bank choices are jointly determined in equilibrium.
18 The non-stochastic part of the tax capacity ensures that an equilibrium with zero default exists in the sovereign debt
market.
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4

Multiple Debt Prices

Our model is built upon the multiplicity of equilibria in the valuation of government debt. Confidence in
sovereign debt repayment is reflected in debt prices and this is the source of instability. As explained in the
next sub-section, an inverse relationship exists between B1 and q1 brought about by government bailout of
banks. As established in the second sub-section, this can generate multiplicity in the valuation of government
debt.19
The analysis in this section takes place in the middle period. This is when the diabolic loop appears.
This is the stage where beliefs about the prospect of government default in the last period influences the
value of government debt and thus the operation of the banks. Further, it is in this middle period that the
government decides to bailout the banks or not. While the ultimate repayment of debt in the last period
matters for its value in period 1, the actual default decision is not very important to our results. That is,
the interactions we highlight are not about the effects of default on the banking system but rather reflect
the power of beliefs about future default on the operation of banks and the bailout choice of a government.

4.1

The Inverse Relationship between B1 and q1

An inverse relationship between B1 and q1 is key to debt market fragility. It arises from two features of the
model. First, the government decides in the second period to provide a bank bailout. Second, the quantity
of the debt it issues to finance the bailout depends upon beliefs of agents in the middle period through the
price of debt.20
To better understand the role of the government bailout, recall from (1) that banks expect state contingent

government transfers T q1 (s) , q1T , b0 . Hereafter, assume that the government support takes the form of
debt repurchases at above market values.21 This implies that support of the banking system is inversely
related to the value of government debt in period 1. A reduction in q1 can lead to the deterioration of
bank balance sheets, bank failures and thus the provision of financial support for these intermediaries. By
assumption, the government sells additional debt to finance these transfers.
19 As discussed in further detail below, this is one of many mechanisms that can create an inverse relationship between B
1
and q1 and thus only one model of multiplicity.
20 Appendix 7.4.1 summarizes another channel arising from the financing of a fixed level of spending. Appendix 7.4.2 provides
a third channel, drawing upon Cole and Kehoe (2000), that emphasizes the roll-over of government debt. Cooper and Nikolov
(2017) provides further details and discussion of these alternative channels.
21 Equivalently, the support could be in the form of deposit insurance.
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4.2

Arbitrage

In period 1, the debt is priced by the risk neutral investors who discount the future at rate

1
R.

The price q1

is determined by an arbitrage condition.
Given a debt buyback scheme, there are transfers to the banking system, i.e. T (q1 ) > 0 for all q1 < q1T .
In this setting the risk neutral investor’s condition for an interior demand for government debt (a condition
for no-arbitrage) becomes:
1−F



B0 +(T (q1 )/q1 )
Ā

R


= q1 .

(13)

The left side of (13) is increasing in q1 . As q1 increases, the amount of debt outstanding decreases as transfers
are lower and thus the probability of repayment increases with q1 .
This highlights the underlying complementarity of the model and thus the multiplicity in debt valuations.
Generally, creating multiple solutions to (13) amounts to the choice of a distribution function F (·) such that
the left hand side, graphed as a function of q1 has multiple crossing with the 45 degree line.

4.3

Multiple Valuations of Government Debt

The multiplicity of solutions to the debt valuation equation is created entirely by the government bailout
policy, T (q1 ). This highlights the role of expectations about bailout on the creation of fragility in debt
markets.
Assumption 2 implies that if T (q1 ) ≡ 0, then the only solution to (13) is the debt price with certain
repayment, denoted q1∗ . As developed further below, this debt price coincides with an optimistic equilibrium
in which there is no default and no debt fragility so that q1∗ =

1
R.

While not essential for our results, this

assumption helps us focus on sovereign default risk that arises from self-fulfilling bailout expectations.
If, however, the government bails out banks so that T (q1 ) > 0 for some q1 , then multiple solutions to (13)
become possible. This is because, a decline in the debt price increases the needed bailout assistance T (q1 )
making the debt endogenously riskier and validating the pessimistic expectations. A leading case is one in
which the bailout sets q1T = q1∗ in (11) so that the value of government debt held by banks is supported at
the optimistic equilibrium price. Below, we provide conditions under which a bailout at this target price is
feasible.
It might also be the case that there are no solutions to (13) under a policy that fully compensates banks
for losses on sovereign bond holdings, i.e. q1T = q1∗ . That is, there may be no price for debt satisfying (13)
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that provides enough resources so that a government’s intended buyback scheme is feasible. In that case, we
expand the analysis to include partial bailout.
Formally, let q max be the maximal value of the target price, q1T , such that an interior solution to (13)
exists. From (13), q max depends on the amount of debt held by banks. If q max = q1∗ , then a government
buyback program to support the price of period 1 bank-held debt at q1∗ is feasible.
If q max < q1∗ , then a full buyback scheme is not feasible but a partial buyback at a debt price less that q1∗
is feasible. We formalize these possibilities through the two assumptions to be invoked below. These cases
are illustrated in the example that follows.
Condition 1 A full debt buyback is feasible: q max = q1∗ .
Condition 2 A partial debt buyback is feasible but a full buyback is not feasible: 0 < q max < q1∗ .
In general, Assumption 2 implies that there is always an equilibrium in the debt market with q1 = q T
since there are no transfers in this case and thus a unique solution to (13). If q1 < q T , then the government
participates in the debt buyback and T (q1 ) > 0. This creates the possibility of multiple solutions to (13)
since both sides are increasing in q1 .
As the interest of this paper is not in determining the conditions for multiple solutions to the debt
equation, we assume this is the case. This assumption is based upon a target of q1∗ .
Assumption 3 With q T = q1∗ there exists a tax capacity distribution such that there are multiple solutions
to (13), including q1 =

1
R

and a locally stable solution with q1 <

1
R.

This assumption is not vacuous for two reasons. First, the example given below has these properties.
Second, the multiplicity in the example, and more generally associated with other distributions, is generic.
That is, small variations in the fundamentals do not alter the number of equilibria.

4.4

Example

We construct a specific numerical example to illustrate the multiplicity of equilibria. The example assumes a
Beta (0.2,0.2) distribution for the stochastic component of the tax system, ξ, and sets B0 = 0.56, B0B = 0.28
(i.e. banks hold half the government debt) and τ = 0.6. For this example, R = 1.0. The pdf of the
distribution of the stochastic component of the tax capacity variable is given in Figure 1.

ECB Working Paper Series No 2195 / November 2018

19

Figure 1: Tax capacity PDF
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This figure shows the distribution of the stochastic component of the tax rate
capacity.

The transfer scheme is given by (11) with a target of q1∗ . The size of the debt buyback is related to the
size of the bank’s holdings of government debt, denoted B0B . The pricing equation under pessimism when
the government provides a bailout is given by (13).
This distribution of tax rates is bimodal. With a high probability, the tax capacity is simply τ̄ . In this
case, the government may be unable to cover debt obligations beyond 60% of output. The second mode is
at a very high tax rate, allowing the government the ability to meet very large obligations. Though outside
the model, this may reflect considerable disagreement among political parties regarding taxation.
The model’s implications for the debt pricing equation are given in Figure 2. There are three lines in the
figure. The blue line (labelled ‘No bailout’) depicts the case where there are no bailouts and the government
debt is safe regardless of the bond price in the market. Intuitively, since Assumption 2 is satisfied, the debt
can always be repaid whenever the government does not incur any other expenditures at date 1.
The red line is the baseline model with T (q1 ) > 0. Here due to the need to make transfers to the
banks, there is a multiplicity of equilibria. In the specific example we compute, there are five equilibria.
At one extreme is the ‘collapse equilibrium’ where the government defaults with probability one and thus
q1 = 0. At the other extreme we have an equilibrium, labeled ‘OE‘ in the figure and standing for ‘optimistic
equilibrium’, with a repayment probability equal to unity and q1 =

1
R.

This is the same equilibrium as the

one under no bailouts since the probability of sovereign default is zero.
In the interior of the debt price distribution we have three equilibria in which a positive probability of
sovereign default is self fulfilling. One of these equilibria is locally stable under best response dynamics. We
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Figure 2: Multiple solutions for the debt price
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This graph shows the multiple solutions to the no-arbitrage condition with
T (q1 ) > 0 and q1T = q1∗ .

focus on the locally stable equilibrium in our construction of sunspot equilibria. It is labeled ‘PE’ in Figure
2 and we refer to it as the ‘pessimistic equilibrium’. At this equilibrium, q1 = 0.661.
Included in Figure 2 is also a yellow line which is drawn under the assumption that the bank’s debt
holdings are equal to B0B = 0.56. This has the same effect as changing the target price - it shifts the entire
debt pricing curve downwards. Eventually, as the bank debt holdings get larger, many interior equilibria
disappear, leaving the stable ’pessimistic equilibrium’ as the point of tangency in Figure 2. This point also
gives the maximum bank holding of government debt under which a full government bailout is feasible. This
point is the same as q max defined above.
Higher bank holdings of government debt can only be partially bailed out. The total bailout size at the
point of tangency in Figure 2 shows the maximum bailout size. If banks hold more government debt than
this or if the target price is higher, only a partial bailout can be provided.

5

Fragility and Bailouts

This section constructs Subgame Perfect Nash Equilibrium (SPNE) in which sunspots matter. The analysis
thus highlights the role of beliefs about government bailout for debt fragility.
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After defining a SPNE, Proposition 1 establishes the existence of an equilibrium without debt fragility.
This equilibrium provides a benchmark for the other equilibria that may co-exist.
Propositions 2 and 3 characterize equilibria in which debt markets are fragile. That is, the beliefs of
investors in period 1 determine the value of government debt and this in turn impacts the banks. There are
two main features of these equilibria. First, the government chooses to bailout the banks at date 1. Second,
the banks decide to hold no equity at date 0. The role of bank equity is explored in Proposition 4 which
shows that if banks do not expect a bailout, they will insure depositors through equity.

5.1

Equilibrium Definition

The analysis focuses on Subgame Perfect Nash Equilibria (SPNE). These are constructed from two key
components of the model. The first is the market for government debt in period 1. As suggested in the
discussion above, this is the source of multiplicity. The second component is the bank contract and equity
choice of the bank in period 0.
A Sub-game Perfect Nash Equilibrium builds on the equilibria in the period 1 debt market. The players
are the banks, the households and the government. The banks simultaneously and independently move
first, setting contracts with households and deciding on their portfolio, including the amount of equity
financing. These contracts are set in period 0, recognizing the possibility of strategic uncertainty influencing
the valuation of government debt in period 1 as well as any government support.
Definition 1 A Sub-game Perfect Nash Equilibrium (SPNE) is a set of bank equity issuance, contracts
with depositors and debt purchase strategies, a set of government bailout provision strategies and a set of
realizations of government debt prices as a function of the debt sunspot realizations such that: (i) Individual
banks solve (1) given the government’s bank bailout strategy, the exogenous probabilities of government debt
sunspot shock realizations and the prices of government debt at these sunspot realizations, (ii) the government
chooses whether or not to bailout the banks in order to maximize social welfare taking bank government debt
exposures as given, and (iii) the government debt markets clear at each sunspot realization.
We construct sunspot equilibria as a randomization between two equilibria. One arises when banks
believe that the government will repay its debt with probability one. In this outcome, which we term an
‘optimistic equilibrium’, there is no default premium on the debt.
The second outcome occurs when investors are pessimistic about the government repayment of the debt.
In this equilibrium, banks believe the the government will provide a bailout. We term this state ‘pessimism’
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since the outcome in the debt market includes a default premium. An interesting feature of the construction
is that the pessimistic equilibrium only exists because of government support of the banks. And the banks
only need to be supported because of the pessimistic expectations.
These equilibria are solutions to (13). In the earlier example, these were labeled ‘OE’ and ‘PE’ in Figure
2. However, nothing rests on the selection from the set of solutions to (13) with q1 < q1∗ under ‘pessimism’.
Along the equilibrium path, the expectations underlying the choices of the investors, depositors and the
banking contract are fulfilled. This is part of a sub-game perfect Nash Equilibrium.
The existence of SPNE with sunspots will depend on the government’s ability to commit to a bank
bailout policy. At one extreme, a weak government is incapable of any kind of commitment and decides
whether or not to bailout a financial institutions in period 1. In order to characterize the conditions for the
existence of the ’diabolic loop’, we will focus most of our attention on this case.
At the other extreme, a committed government chooses ex ante, i.e. in period 0, whether to bailout
the banks.22 As shown in Appendix 7.4.4, if the government commits not to bailout the banks, then banks
will issue sufficient equity to provide the needed insurance against strategic uncertainty. In this case, a
‘diabolic loop’ will not be operative.

5.2

Optimistic Equilibrium

The optimistic equilibrium has zero default risk and no fragility in debt prices. It is used in the construction
of a sunspot equilibrium and interesting in its own right because debt markets can function perfectly well in
our economic environment. We will also use this equilibrium as a basis for welfare comparisons.

5.2.1

Optimal Contract

Given debt prices q0 = q1 =

1
R,

the optimal contract between the households and the banks solves (1) subject

to the constraints as described in section 3.2. This problem generates a demand for government debt by the
banking system. In an optimistic equilibrium, neither the banks nor the depositors anticipate variations in
the price of government debt as sunspots, by construction, do not matter.
The banks hold a portfolio of government debt and long-term illiquid investment. They provide for the
consumption of early households by selling government debt to investors in period 1. When the liquidation
value of the illiquid investment, ε, is less than one, trading government debt strictly dominates liquidating
22 Here

the government is limited to choosing bailout or no bailout, including the imposition of a tax on investors to finance
these flows. We do not consider other ex ante tools for redistribution.
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the long-term investment. At ε = 1, the bank is indifferent between liquidation and the selling of government
debt and we assume there is no liquidation in this case either.
Lemma 1 In the optimal banking contract with no default risk and q0 = q1 =

1
R:

(i) cL > cE , (ii) l1 = 0

and (iii) x0 = 0.
Proof. See Appendix, Section 7.3.1.
In the subsequent discussion, let (c∗E , c∗L ) denote the optimal contract characterized in Proposition 1.
We will refer to this as the first best contract.
The proof comes directly from the first-order condition of the optimal contracting problem. Given the
assumed optimism, there is no uncertainty over the valuation of debt and thus no aggregate risk to share.
The property that c∗L > c∗E implies that depositors have an incentive to reveal their true taste types.
From (1), there are other elements of the bank’s problem to determine. To implement the optimal
contract, it is sufficient that debt holdings of the bank satisfy: (b0 =

πc∗E
q1 , i0

=

(1−π)c∗L
).
R

Further, (b1 =

L1 = 0) as trades in period 1 are not needed in the case of optimism. In an optimistic equilibrium, bank
equity, x0 is irrelevant to the allocation of the households. Thus for convenience, we set x0 = 0 in the
construction of an optimistic equilibrium. Equity will play a more important role in the sunspot equilibrium
characterized below.

5.2.2

Equilibrium

Given the banking contract, the last step in constructing an equilibrium is to guarantee market clearing.
There are three markets to consider: (i) the period 0 market for government debt, (ii) the period 1 market
for government debt and (iii) the interbank loan market. Let (q0∗ , q1∗ ) denote the values of the debt prices in
an optimistic equilibrium.
Proposition 1 Under Assumption 2, there exists an optimistic rational expectations equilibrium with q0∗ =
q1∗ =

1
R,

rb = R and the banking contract given by (c∗E , c∗L ).

Proof. See Appendix, Section 7.3.2.
We refer to the allocation characterized by Proposition 1 as the first best allocation. The proof of
the proposition takes the banking contract characterized in Proposition 1 and shows that with this contract,
markets clear at q0∗ = q1∗ =

1
R.

In this equilibrium, risks are shared efficiently between the risk averse

household and investors through the banking system. Further, there are no resources lost due to default
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and/or bank resolutions. From Assumption 2, there is no default in equilibrium. In this way, this allocation
will serve as a benchmark for ex ante comparisons of other allocations.
We assume that at this allocation, a government with the ability to redistribute the endowments of
households and investors in period 0 would have no incentive to do so. This implicitly defines a welfare
weight for investors in period 0, ω, such that u0 (c∗E ) = ω.23
This is a benchmark equilibrium for this economy in which there is no strategic uncertainty and no
default. This equilibrium is constructed on the assumption, fulfilled in equilibrium, that the government will
not bailout banks. Thus T (q1 ) ≡ 0 and thus the multiple solutions to (13) disappear.24
Under discretion though, other equilibria might exist if investors believe the government may default
and, if debt prices decline, provide a bailout to banks. This activates the multiplicity inherent in (13). We
study these equilibria next.

5.3

Debt Fragility and Bailouts

This section constructs sunspot equilibria that entail both debt fragility and government bailouts of banks.
Throughout we maintain Assumption 3. Else, there would be no debt fragility. The construction is based
upon a randomization between a solution to (13) with q1 <

1
R

and the no-default equilibrium where q1 =

1
R.

For the example in Section 4.4, this is a randomization between the ‘OE’ and ‘PE’ points.
The sunspot equilibrium has three key characteristics. First, banks anticipate a bailout by the government
and hold no equity. Second, the government decides ex post to bail out the banks. Third, through the bailout,
multiple solutions to (13) arise.

5.3.1

Government’s Choice: Bailout or Bank Resolution

Characterizing the costs and benefits of a bailout are key to proving Propositions 2 and 3 below. The existence
of these equilibria requires the government to have an incentive to bailout the banks. The conditions of the
proposition, low sovereign default cost and high bank resolution costs provide incentives for the government
to support the banks.
In order to construct the equilibrium with bailout, it is necessary to specify what happens in the event the
government chooses, off the equilibrium path, not to engage in a debt buyback scheme. As banks anticipated
23 This comes from a planner’s problem allocating the deposit of households between illiquid investment and government
bonds that yield, as in an optimistic equilibrium, a return of unity between period 0 and period 1.
24 This is where the other sources of multiplicity, either exogenous government spending in the middle period or debt rollover
might come into play.
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this bailout, if it is not provided, they are insolvent: i.e. their liabilities to depositors exceed their assets.
In this case, the banks need to be resolved. Section 7.2 in the Appendix outlines a resolution mechanism
that has two key features.25 First, it is efficient: if the government does not bailout a bank, then the
insolvent bank is liquidated allowing assets to be used to pay off depositors in an optimal way. This involves
no government help or sovereign debt issuance and is simply an efficient write-down of depositors’ claims
to the new (lower) value of bank assets. Second, bank resolution is costly. A fraction ψ of total deposits
is lost in the resolution process. This is distinct from the cost of government default and represents the
administrative and legal costs of resolving failing banks or the inferior loan management skills of regulators
as opposed to private banks.

5.3.2

Sunspot Equilibria

The following proposition provides conditions for the existence of a SPE with strategic uncertainty. The
key to constructing the sunspot equilibria is ensuring that a government will choose, ex post, to support the
banking system through a full debt buyback, i.e. q1T = q1∗ =

1
R.

The proposition makes clear the response of

the banks to the prospect of a bailout.
Proposition 2 If Condition 1 holds and
1. either (i) the default cost, γ, is sufficiently small or (ii) the cost of resolving the banking system, ψ, is
sufficiently large, there will exist a SPNE with a government debt buyback at a price of q1T =

1
R

in the

pessimistic sunspot state. The first best banking contract is offered to households supported by a bailout
in the pessimistic state. No equity is issued by the bank.
2. the default cost, γ, is sufficiently large and the cost of resolving the banking system, ψ, is sufficiently
small, there will not exist a SPNE with a government debt buyback at a price of q1T =

1
R

in the

pessimistic sunspot state.
Proof. See Appendix, Section 7.3.3.
Absent commitment, in the pessimistic state, the government will choose in period 1 whether to bailout
the banks or not. There are three factors influencing the bailout decision which are made explicit in the
proof. First, relative to an allocation without a bailout, there are gains to redistribution from investors to
depositors. This motivates a bailout. Second, if bankruptcy costs ψ are high, then there are gains to bailout
25 The

procedure is related to that studied in Ennis and Keister (2009) and Cooper and Kempf (2015).

ECB Working Paper Series No 2195 / November 2018

26

from avoiding these costs. Third, as the bailout is debt financed, it may increase the probability of default.
This discourages a bailout. The magnitude of this cost depends on the size of γ as well as the sensitivity of
the probability of default to changes in the amount of debt outstanding. In our model, this last effect will
depend on the shape of F (·) in the neighborhood of a pessimistic equilibrium.
The sufficient conditions for bailout, given in the first part of the proposition, reflect these tradeoffs. If
γ is low, then a bailout is provided because sovereign default is not too costly while redistribution through
government support is desired and saving the financial sector is important. Even if there are costs of sovereign
default, as long as ψ is large enough, bailout will be desired.
The second part of the proposition provides sufficient conditions for a full bailout not to occur. Given the
tradeoff between the government default cost and the gains from saving the banking system, if the default
cost is large enough relative to the cost of resolving insolvent banks, then the bailout equilibrium will not
exist. In that case, the only equilibrium is the optimistic one where there is no strategic uncertainty and
only a weak incentive for banks to issue equity.
Condition 1 is used in Proposition 2 to guarantee that a pessimistic equilibrium exists under a full debt
buyback scheme. If this assumption does not hold, then a full buyback is not feasible. The government
is simply not able to borrow enough to finance the transfers to the banks which are needed for a full debt
buyback.
Suppose that instead Condition 2 holds so that only a partial bailout is feasible. There is a maximal
level of debt the government could incur while maintaining a positive probability of repayment.
The next result finds that a government will provide a partial bailout if it is feasible and if it avoids
incurring bank resolution costs. The banks provide the remaining insurance to households by issuing equity
and avoiding bankrupcty.
Proposition 3 Suppose Condition 2 holds and the government lacks commitment. If
1. either (i) the default cost, γ, is sufficiently small or (ii) the cost of resolving the banking system, ψ, is
sufficiently large, there will exist a SPNE with a government debt buyback at a price of q1max <

1
R

in the

pessimistic sunspot state, where q1max is the maximum buyback price such that a pessimistic equilibrium
exists. The first best banking contract is offered to households, supported by a combination of investor
equity and a partial bailout in the pessimistic state.
2. the default cost, γ, is sufficiently large and the cost of resolving the banking system, ψ, is sufficiently
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small, there will not exist a SPNE with a government debt buyback at a price of q1max in the pessimistic
sunspot state.
Proof. See Appendix, Section 7.3.4.

5.4

Bank Equity

A prominent feature of the two equilibria characterized in these propositions was the role of bank equity. In
Proposition 2 the bailout of banks by the government created an incentive for banks not to issue any equity.
This choice does not reflect a high opportunity cost of issuing equity. Rather, the fact that governments
save banks that get in trouble due to losses on sovereign debt holdings creates the incentives for banks to
expose themselves to sovereign default risk in the first place. High exposure takes two forms. First banks
hold more government debt than they need in order to provide consumption for early households. Second,
they do not issue equity thus ensuring that they are insolvent when the value of government debt falls.
In the equilibrium of Proposition 2, banks anticipate the bailout and thus choose not to self-insure through
equity buffers. In fact, banks become the natural holders of risky government debt, buying the entire stock
and pushing its price above the level that uninsured investors are willing to pay. A single bank cannot
profitably deviate from such a Nash equilibrium by issuing equity because this will erode its bailout subsidy
from the government and, as a result, government debt would become too expensive for such a financial
institution. The large debt holdings and the absence of equity buffers add further contingent liabilities for
the sovereign, thus activating the diabolic loop.
Only when faced with residual uncertainty over default, did banks issue some equity. In the equilibrium
of Proposition 3, the incentives for the bank are different. While they have an incentive to take advantage
of the government buyback program, they also profit by providing insurance to depositors. Taken together,
these factors lead them to issue enough equity to cover the residual risk faced by depositors given the partial
debt buyback of the government.
These equilibria crucially depend on the expectations of a bailout. In fact, there exists another Nash
equilibrium in which banks do not expect to be bailed out in the event of failure and, as a result, they
may choose to issue equity to buffer depositors against fluctuations in the value of government debt. In
equilibrium, government debt becomes riskless and a bailout is not needed.
Proposition 4 When banks expect no bailout, they fully insure their depositors by issuing equity. The first
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best banking contract is offered. The government does not need to bail out banks and therefore strategic
uncertainty in the debt market disappears.
Proof. See Appendix, Section 7.3.5.
Proposition 4 demonstrates that the bank has the options at its disposal in order to implement the
first best contract without government assistance. To be clear, this equilibrium co-exists with the others
characterized in Propositions 2 and 3 in which debt markets are fragile.
In this equilibrium, there are only weak incentives to issue equity. That is, if no government bailout is
anticipated, then along the equilibrium path the only equilibrium in debt markets, from Assumption 2, is
the optimistic equilibrium with T (q ∗ ) = 0. There is no strategic uncertainty in the debt market and thus no
strict incentive for banks to issue equity.
This property is a consequence of our assumption that the only public expenditure at the middle data
is on bank bailouts. This assumption was made to focus the analysis on the role of government bailout in
creating multiplicity. If the government needs to finance some other non-bailout related expenditures at
t = 1, then as discussed in Appendix 7.4.1, there may exist multiple solutions to (13), even if T (q1 ) = 0 for
all q1 . This means that, in the absence of equity to absorb losses on sovereign bond holdings, bank depositors
face risks even in the absence of government bailouts. In this case, even if banks anticipate no bailout they
will have a strict incentive to issue equity in order to insure their depositors against strategic uncertainty.
The banking contract outcome will therefore coincide with the optimistic equilibrium.

6

Conclusions

This paper builds a model of the feedback loop between banks and sovereigns. From Diamond and Dybvig
(1983) and Calvo (1988), banks as well as sovereign debt markets are individually subject to powerful sources
of strategic uncertainty, which can lead to multiple Pareto-ranked equilibria. Our paper characterizes a
‘diabolic loop’ that links these markets and thus propagates and amplifies the impact of strategic uncertainty
emanating from debt markets.
Bank solvency is affected by sovereign bond market turmoil because the financial system holds a large
amount of (largely domestic) government debt. In turn, government solvency is affected due to the implicit
or explicit guarantees extended by governments to their banking systems. These interactions amplify the
impact of pessimism in the government debt market. The initial decline in government debt prices reduces
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bank solvency and causes the implicit government promises to its banks to turn into explicit debt issuance at
precisely the time when the government is least able to issue debt on favorable conditions. The higher debt
issuance then pushes government debt prices even lower, completing the diabolic loop which has been rocking
a number of European economies since 2010. The impact of these feedbacks is to make sovereign-banking
crises much more severe than they otherwise would have been.
Having built a model of the crisis, we can consider a number of remedies for cutting the diabolic loop.
One often suggested policy is just to let the banking system fail, imposing losses on depositors. Such a policy,
if credible, would have multiple benefits. First, it would reduce the need for bailout assistance to add to
government debt during a sovereign crisis. This, taken in isolation, would diminish the crisis amplification
mechanisms we study in our paper. Second, when banks know they will not be bailed out, they will issue
equity which will absorb losses from sovereign bond holdings without needing government assistance. Hence,
bank solvency becomes completely decoupled from government solvency, severing a key linkage that has
amplified the financial crisis in a number of EU countries.
The problem with such a commitment to let the banking system fail is that it is not credible. Governments, acting with discretion after a crisis, prefer (under some plausible conditions) to bailout the banking
system rather than incur the deadweight losses associated with bank failure.26
In turn, banks, anticipating that government assistance will be provided, have little incentive to issue
equity. To the benefit of depositors, they take advantage of the ‘heads-I-win, tails-you-lose’ nature of the
financial safety net. If the economy finds itself in an optimistic equilibrium, banks profit from high ex post
bond returns. When the economy finds itself in the pessimistic equilibrium, the bank expects the government
to bail it out in order to protect household deposits. This strategy extracts a transfer from taxpayers to
bank depositors which makes the latter better off. As a result, banks rationally prefer to remain exposed to
a sovereign debt crisis.
This moral hazard by banks might be corrected by regulatory interventions which impose capital requirements on banks’ sovereign debt holdings until they become insulated from shocks in the debt market. In the
light of this finding, it is puzzling that the new Basel III regime continues to favor domestic government debt
over other assets by assigning it a zero capital weight. Moreover, domestic government debt continues to be
exempt from large exposure limits, creating exactly the kinds of incentives for banks to become overexposed
to it described in our paper.
26 In addition, as recognized by Gennaioli, Martin, and Rossi (2013), a commitment not to bailout banks who hold domestic
sovereign debt can actually strengthen the government’s incentives not to default strategically on foreign investors.
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In our paper, capital requirements on sovereign exposures implement the first best allocation. Holding
large equity buffers is not costly and insulates banks from strategic uncertainty in the sovereign debt market
without distorting the banking contract. The only reason it is not privately implemented is due to moral
hazard. In reality, of course, large capital buffers may come with their own costs such as higher tax costs or
weaker incentives (as discussed in Mendicino, Nikolov, and Suarez (2016)). While beyond the scope of this
paper, adding a richer analysis of government capital regulation seems to us like an interesting avenue for
future research.
Future work will analyze the international dimension of the European twin crisis. Financial stability
policy in Europe is undergoing major reform with the establishment of the Single Supervisory Mechanism
(SSM) and with the use of Outright Monetary Transactions (OMT) by the European Central Bank. We
intend to embed our single country model into a multi-country setting and consider the union-wide policies
which can limit the economic damage done by the ‘diabolic loop’.
Finally, the role of fiscal policy in the diabolic loop deserves additional emphasis. Our model assumes
that bailouts must be financed by new debt issuances. If instead, bailouts were offset by a reduction in
government spending or an increase in taxation, then the loop would be broken. In addition, maintaining
very healthy public finances so as to be able to bail banks out in a crisis without increasing sovereign default
risk would also break the co-dependence of banks and their governments.27 Of course, these options have
their own costs which must be taken into account.

27 These

types of fiscal buffers were suggested by a referee.
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7

Appendix

This is intended as an online appendix. The material includes an analysis of the banking problem, the bank
resolution mechanism, the proofs and some extensions of the model mentioned in the text.

7.1

Banking Problem

The bank solves:

1

max

1

i0 ,B0B ,x0 ,cE (s),cL (s, G ),δ2 (s, G ),l1 (s),B1B (s),L1 (s)



E[πu cE (s) + (1 − π) u cL (s, 1G ) ]

(A.1)

such that
i0 + q0 B0B ≤ d + x0

(A.2)



πcE (s) ≤ q1 (s) B0B − B1B (s) + εl1 (s) − L1 (s) + T q1 (s) , q1T , B0B , ∀s

(A.3)

(1 − π) cL (s, 1G ) ≤ (1 − 1G )B1B (s) + R (i0 − l1 (s)) − δ2 (s, 1G ) − rb (s) L1 (s) , ∀s

(A.4)

Eδ2 (s, 1G ) ≥ Rx0

(A.5)





Eu cL (s, 1G ) ≥ u βcE (s) ; Eu cE (s) ≥ u βcL (s, 1G ) ∀s

(A.6)

In what follows, we treat the two IC constraints in (A.6) as non-binding and check that the banking
contract we solve for satisfies them. The first order conditions to the contracting problem in (A.1) with
respect to
(cE (s), cL (s, 1G ), B0B , i0 , x0 , δ2 (s, 1G ), l1 (s), B1B (s), L1 (s)) are:

ν(s)u0 cE (s) − λE (s) = 0

(A.7)


p(s)ν(s)u0 cL (s, 1G = 0) − λL (s, 1G = 0) = 0

(A.8)
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(1 − p(s))ν(s)u0 cL (s, 1G = 1) − λL (s, 1G = 1) = 0

q0 φ =

X

q1 (s) + TB q1 (s) , q1T , B0B λE (s)

(A.9)

(A.10)

s

φ=R

X
s,1G

λL (s, 1G )

(A.11)

(φ − Rχ) x0 = 0

(A.12)


p(s)ν(s)χ − λL (s, 1G = 0) δ2 (s, 1G = 0) = 0

(A.13)


(1 − p(s))ν(s)χ − λL (s, 1G = 1) δ2 (s, 1G = 1) = 0

(A.14)

λL (s, 1G ))l1 (s) = 0.

(A.15)

(λE (s)q1 (s) − λL (s, 1G ))B1B (s) = 0.

(A.16)

(ελE (s) − R

X
1G

(λE (s) − rb (s)

X
1G

λL (s, 1G ))L1 (s) = 0

(A.17)

where ν(s) is the probability of state s, φ is the multiplier on (A.2), λE (s) is the multiplier on (A.3),
λL (s, 1G )) is the multiplier on (A.4), for all s and default choices, and χ is the multiplier on (A.5). Here,
p(s) is the probability of sovereign debt repayment in period 2 when the sunspot state in period 1 was s.
These necessary conditions will be used in the subsequent proofs.
When the government supports the banking system through a buyback at target price q1T , the bailout
transfer for each is given by:


T q1 (s) , q1T , B0B = q1T − q1 (s) B0B
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Hence the bank’s budget constraint in period becomes


πcE (s) ≤ q1T B0B − B1B (s) + εl1 (s) − L1 (s) , ∀s

(A.18)

Due to the government buyback scheme, the bank is able to sell its bonds not at the market price q1 (s)
but at the target price q1T . In the proofs that follow we use this specification of the bank’s period 1 budget
constraint.

7.2

Bank Resolution Mechanism

Assume that the government does not bailout the banks. For the bailout equilibria we construct, this is off
the equilibrium path as the banks had anticipated a bailout. Yet understanding what happens in this case
is necessary for constructing an equilibrium.
If there is no bailout, the banks are insolvent and the banking system is shut down. At this point,
the banks re-optimize given their existing assets and liabilities without government involvement. This reoptimization occurs with a cost ψ which is proportional to the size of the bank’s balance sheet. This is a
standard bankruptcy cost. The bankruptcy cost comes out of liquid assets but this is not important due to
the presence of the interbank market which allows the bank to borrow against the value of the long term
technology if the payment of the bankruptcy cost creates a shortage of liquidity in period 1. The bank solves
the following problem:

max

cE ,cL (1G ),B1B ≥0,L1






πu cE + (1 − π) pN B u cL (1G = 0) + 1 − pN B u cL (1G = 1)



+λE q1N B B0B − B1B − ψd + L1 − πcE

(A.19)


+λL (1G = 0) R (i0 − L1 ) + B1B − (1 − π) cL (1G = 0)

+λL (1G = 1) R (i0 − L1 ) − (1 − π) cL (1G = 1)
In these expressions, 1G = 0 is a state of debt repayment by the government and 1G = 1 denotes default.
The probability of repayment is pN B . Here the bank chooses the consumption levels of the two types of
households, with the consumption of late households contingent on the government default decision in the
next period. The bank can sell debt to finance the consumption of early households, (B0B − B1B ), as well
as borrow from investors in period 1, L1 . While the bank could also liquidate the illiquid investment, this
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is dominated by borrowing from investors at an interest rate of R, the marginal rate of substitution for
investors, and is not considered. We establish later that this is the equilibrium rate in the interbank market
i.e. rb = R.
In the optimization problem of the bank, (A.19), the price of debt, q1N B , is taken as given as individual
banks are small. Further, there is no fiscal operation associated with the bank resolution. The first order
conditions are:

u0 cE − λE = 0

(A.20)


pN B u0 cL (1G = 0) − λL (1G = 0) = 0

(A.21)



1 − pN B u0 cL (1G = 1) − λL (1G = 1) = 0

(A.22)


−q1N B λE + λL (1G = 0) B1B = 0

(A.23)

λE − R

X
1G

λL (1G ) = 0

(A.24)

Let ĉE and ĉL (1G ) denote the optimal consumption allocations when the bank gets ‘resolved’ in this
manner. Substituting (A.24) into (A.23), implies:


λL (1G = 0)(1 − Rq1N B ) − Rq1N B λL (1G = 1) B1B = 0.

(A.25)

Since q1N B = pN B /R, this implies that:

λL (1G = 0)(1 − pN B ) − pN B λL (1G = 1) B1B = 0.

(A.26)

Using (A.21) and (A.22), we get:


u0 cL (1G = 0) − u0 cL (1G = 1) B1B = 0.

(A.27)



As long as B1B > 0, households suffer losses when the government defaults and u0 cL (1G = 0) −u0 cL (1G = 1) <
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0. Thus for (A.25) to hold, B1B = 0.
When B1B = 0, the resources to finance late consumption are independent of government default, ĉL (1G =
0) = ĉL (1G = 1). From the first three first-order conditions and (A.24):
u0 (ĉE ) = Ru0 (ĉL ).

(A.28)

Thus the marginal rate of substitution is the same without bailout as it is with bailout. But the solution
to the problem without bailout must generate lower welfare to depositors than the optimistic outcome since
1
R.

q1N B <

If utility is concave and if β is sufficiently small, the resulting allocations are incentive compatible in the
sense that the IC constraints (A.6) are satisfied.
Finally the net present value of the re-negotiated consumption promises to depositors in the resolved
bank satisfies:
πĉE +

(1 − π) ĉL
i0
= q1N B B0B − ψd + .
R
R

(A.29)

Comparing (A.29) with the net present value of consumption allocations under the optimistic equilibrium,
we can see that the difference arises due to two factors.

∗E

π c

− ĉ

E



 

(1 − π) c∗L − ĉL
1
NB
+
=
− q1
B0B + ψd,
R
R

(A.30)

These are the loss of wealth due to the decline in the government bond price as well as the resolution cost
ψd.

7.3

Proofs

7.3.1

Proof of Lemma 1

Lemma 1 In the optimal banking contract with no default risk and q0 = q1 =

1
R:

(i) cL > cE (ii) l1 = 0

and (iii) x0 = 0.
Proof.

With q1 (s) =

1
R,

no sunspots and no default, the first-order conditions for the optimal contract

become:


u0 cE − λE = 0
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u0 cL − λL = 0

λE
R

(A.33)

φ = RλL

(A.34)

(ελE − RλL )l1 = 0.

(A.35)

q0 φ =

Using q0 =

1
R,

(A.32)

combining (A.33) and (A.34) implies φ = λE = RλL . Substituting this into (A.31) and

(A.32) implies



u0 cE = Ru0 cL .

(A.36)

This condition implies property (i): cL > cE for all R > 1 as u(·) is strictly concave. Hence late consumers
prefer their own allocation to that of early consumers. In addition, if β is sufficiently small, early consumers
will prefer their own allocation to that of lates. Hence (A.35) is satisfied. Using (A.35), l1 is zero, and
strictly so if ε < 1, as λE = RλL . Finally, because there is no uncertainty facing the bank, there is no need
to issue equity. Hence x0 = 0.
7.3.2

Proof of Proposition 1

Proposition 1 There exists an optimistic rational expectations equilibrium with q0∗ = q1∗ =

1
R,

rb = R and

the banking contract given by (c∗E , c∗L ).
Proof. The equilibrium conditions are driven by the investors. We assume that the aggregate endowment
of the investors is larger than the stock of government debt in period 0. The investors can either put their
endowment directly in the illiquid technology and obtain R or purchase two period government debt. They
are indifferent between these options if q0 =

1
R.

If this condition holds, they are willing to purchase any of

the government debt not held by the banking system. Since investors have linear utility of c1 + R1 c2 , they are
indifferent between consuming their period 1 endowment and buying one period government debt if q1 =

1
R.
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Assuming that investors’ period 1 endowment is sufficiently large, if q1 =

1
R,

the investors will purchase the

debt sold by the banks in period 1 and the new debt issued by the government in period 1.
Thus, at these prices, all markets clear. The excess supply of government debt in period 0 is purchased
by the investors. The stock of government debt held by bank is sold to the investors along with any new
debt in period 1. The market for government debt clears in both periods. Given that q0∗ = q1∗ =

1
R,

the

probability of government default is zero.
Further, at rb = R, investors are indifferent both with respect to the timing of their consumption and
the composition of their portfolio. This indifference guarantees market clearing in the interbank market at
zero trade.
The result that the first best contract is provided in equilibrium comes from Proposition 1. In equilibrium,
banks will hold enough debt to finance their payment to early consumers at the anticipated period 1 price:
b0 q1 = πc∗E . The debt is sold to the investors for goods and those goods are transferred to the early
consumers. There are no liquidations in an optimistic equilibrium.

7.3.3

Proof of Proposition 2

Proposition 2 If Condition 1 holds and
1. either (i) the default cost, γ, is sufficiently small or (ii) the cost of resolving the banking system, ψ, is
sufficiently large, there will exist a SPNE with a government debt buyback at a price of q1T =

1
R

in the

pessimistic sunspot state. The first best banking contract is offered to households supported by a bailout
in the pessimistic state. No equity is issued by the bank.
2. the default cost, γ, is sufficiently large and the cost of resolving the banking system, ψ, is sufficiently
small, there will not exist a SPNE with a government debt buyback at a price of q1T =

1
R

in the

pessimistic sunspot state.
Proof.
The proof has three steps: (i) characterizing the optimal banking contract, (ii) determining the government’s bailout choice and (iii) checking market clearing.
Step 1: Optimal Contract
To construct an equilibrium, suppose the banks anticipate a bailout by the government in the event of
pessimism. The banking contract with expected bailouts solves (A.1) with the resource constraint for early
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consumers in the pessimistic state modified to reflect the government debt buyback program:

πcE (sp ) ≤


1
B0B − B1B (sp ) + εl1 (sp ) − L1 (sp )
R

Here the government buys government bonds from the banks at the optimistic price of q1 (sp ) =

(A.37)
1
R,

making

the return on government bonds independent of the sunspot. This is the form of anticipated government
support in the pessimistic sunspot state.
The government debt support at

1
R

immune from the sunspot. With q0 =

implies that the contract between the bank and the households is
1
R,

verified below, the bank problem is identical to that solved in

the optimistic equilibrium, characterized in Proposition 1. Hence the banking contract is the first best one,
(c∗E , c∗L ), which, as noted above, is incentive compatible.
Given that the households are insured through the government buyback, there is no gain to supplying
equity to the bank. Hence x0 = 0.
Step 2: Government’s Choice
The government will choose between a buyback, denoted BB, and no bailout, denoted N B. Under
a buyback scheme, the government will buy as much debt as banks supply at a price denoted q1T =

1
R.

Throughout, let (1G = 0) denote the states in which the government repays its debt and let (1G = 1) denote
default states. Given that the government debt market is in a state of pessimism, the analysis characterizes
the payoffs in periods 1 and 2 to households and investors with and without a debt buyback.
Welfare under Full Bailout
First, suppose that the government supports the banks by purchasing debt at a price q1T . This transfer
is financed through the issuance of new debt.
Investors
If a debt buyback is provided, at the middle date investors consume the difference between their endowment, the bonds they buy from banks B0B and the amount they lend to banks L1 :28
cI,BB
= A1 − q1BB B0B + T q1BB
1




/q1BB − L1 .

At the final date, investors consume all their net worth. Their consumption depends on the default
decision of the government.
28 In

the pessimistic equilibrium, banks sell their entire holdings of government debt (B0B ) to investors in the middle period.
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If the government repays its debt, consumption is given by:
cI,BB
(1G = 0) = Ā + B1 + RiI0 + RL1 − τ Ā.
2

(A.38)

= Ā + RiI0 + RL1 .

where the second equality follows from the fact that the banking system sells its entire holding of government
debt in the pessimistic equilibrium. Hence investors own all debt and pay the taxes to pay the debt obligation.
The two cancel out (B1 = τ Ā).
If the government defaults, investors’ final period consumption is given by:
cI,BB
(1G = 1) = Ā (1 − γ) + RiI0 + RL1 .
2

(A.39)

Investors’ welfare is affected by the default decision, in part, due to the output costs of default assumed in
our specification of the final date endowment. Investors’ expected welfare is:

W I,BB = cI,BB
+ E[
1

1 I,BB
(1G )]
c
R 2

where the expectation is over the government default decision in period 2.
Depositors
The utility of depositors when the government buys back debt is independent of its decision to default
and is given by the utility delivered by the standard banking contract



W H,BB = πu c∗E + (1 − π) u c∗L

Welfare if a buyback is provided
Social welfare when a buyback is provided is:



W BB = πu cE + (1 − π) u cL

(A.40)



 ω
 ω

+ω A1 − q1BB B0B + T q1BB /q1BB +
Ā + RiI0 −
1 − pBB γ Ā.
R
R
With a buyback price of

1
R,



T (q1BB ) = B0B ( R1 − q BB ). Thus q1BB B0B + T q1BB /q1BB =
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investor consumption in period 1 is simply A1 −

B0B
R .

In (A.40), pBB is the probability that the government repays at the final date conditional upon a buyback
being provided:

pBB = 1 − F



B0 + T (q1BB )/q1BB
Ā


.

(A.41)

In (A.40), q1BB denotes the price of government debt in the middle period if there is pessimism and a
bailout is provided. This is determined from the investor’s arbitrage condition of

pBB
q1BB

= R and (A.41).

Finding the (pBB , q1BB ) that solves these two conditions is the same as finding a solution to (13), other than
the optimistic equilibrium. By assumption, the economy is in a pessimistic solution to (13).
Welfare without a Bailout
Welfare if no buyback is provided When no buyback is provided (when one had been anticipated), the
banking system is insolvent and the government steps in to resolve the failing financial institutions. Full
discussion of the bank resolution mechanism can be found in section 7.2. Here we merely make use of the
outcomes of the bank resolution mechanism to compute social welfare when no buyback is provided:

W NB =
+



πu ĉE + (1 − π) u ĉL

(A.42)


 ω

ω A1 − q1N B B0B +
Ā + RiI0 .
R

In these expressions, the loans to banks made by the investors in period 1 cancel with the proceeds from
those loans at the interbank loan rate of rb = R.
The probability that the government repays its debt (pN B ) is equal to unity since no additional funds
are raised from the market. This is why the above expression for social welfare does not depend on the
deadweight losses from sovereign default.
The Bailout Decision
The difference in the value of the social welfare function between bailout and no bailout is:
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∆ ≡ W BB − W N B

(A.43)







= π u c∗E − u ĉE + (1 − π) u c∗L − u ĉL − ω
+





1
− q1N B B0B
R


ω BB
p
− 1 γ Ā.
R

where pN B = 1 and pBB is given by (A.41).
From our analysis of the bank resolution mechanism in section (7.2), we know that the difference in the
net present value of consumption promises under the optimistic contract and the bank resolution allocation
is given by (A.30). Hence:


1
c∗L − ĉL
NB
B
∗E
E
ω( − q1 )B0 = ω π[c − ĉ ] + (1 − π)[
] − ψd .
R
R

(A.44)

Using ω = u0 (c∗E ) = Ru0 (c∗L ), the first term in (A.43) becomes







π u c∗E − u ĉE + (1 − π) u c∗L − u ĉL −




c∗L − ĉL
u0 c∗E π[c∗E − ĉE ] + (1 − π)[
] + u0 c∗E ψd
R

(A.45)

By the strictly concavity of u(·) the first row of (A.45) is positive. This represents the insurance gain to
redistribution through a debt buyback. The second row of (A.45) represents the gains due to the avoidance
of the deadweight costs of bank default. It is rising in the size of deadweight losses from bank default ψd.
The second term in (A.43) is proportional to the difference in the expected output costs of sovereign
default due to the provision of a bailout relative to no bailout.


pBB − 1 γ Ā

(A.46)

This term is clearly negative because the probability of repayment in the pessimistic equilibrium under a
bailout (pBB ) is always lower than the (unit) probability of repayment when no bailout is provided (pN B ).
The term is rising in the size of deadweight losses from default γ Ā.
∆ > 0 and a bailout is provided whenever γ is sufficiently small and ψ is sufficiently large. In that case,
the gains from redistribution and from avoiding costly bank failures outweight the increase in the expected
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costs of the bailout.
If markets clear at the presumed prices, then we have a sufficient conditions for ∆ > 0 and the provision
of a bailout. Step 3 of the proof shows that markets clear at the conjectured prices.
Step 3: Market Clearing
We construct prices such that markets clear. All government debt is held by banks as they receive the
benefits of the debt buyback. From Assumption 1, this is feasible because bank deposits are larger than the
government debt stock at the initial date.
At q0 =

1
R,

as assumed in the construction of the equilibrium, banks are indifferent between illiquid

investment and the holding of government debt to finance the consumption of late households. The banks
are the marginal holders of the government debt in period 0. Along the equilibrium path, banks sell all the
risk debt to investors at date 1, i.e. B1B = 0.
Period 1 prices are q1 (so ) =

1
R

and q1 (sp ) =

pBB
R

where pBB < 1 is the probability of repayment under

bailout given by (A.41).
From the preferences of the investors, they are willing to lend as much as demanded in the interbank
market if rb = R. Thus this market will clear at that price with and without government debt buyback.

7.3.4

Proof of Proposition 3

Proposition 3 Suppose Condition 2 holds and the government lacks commitment. If
1. either (i) the default cost, γ, is sufficiently small or (ii) the cost of resolving the banking system, ψ, is
sufficiently large, there will exist a SPNE with a government debt buyback at a price of q1max <

1
R

in the

pessimistic sunspot state, where q1max is the maximum buyback price such that a pessimistic equilibrium
exists. The first best banking contract is offered to households, supported by a combination of investor
equity and a partial bailout in the pessimistic state.
2. the default cost, γ, is sufficiently large and the cost of resolving the banking system, ψ, is sufficiently
small, there will not exist a SPNE with a government debt buyback at a price of q1max in the pessimistic
sunspot state.
Proof.
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The proof has three steps: (i) characterizing the optimal banking contract, (ii) determining the government’s bailout choice and (iii) checking market clearing.
Step 1: Optimal Contract
To construct an equilibrium when Condition 2 holds, suppose the banks anticipate the maximum feasible
bailout by the government in the event of pessimism. Let q1max < q1∗ denote the maximum buyback price at
which the government is able to repurchase the sovereign bonds in the event of pessimism. This maximum
buyback price is given by the tangency point of the yellow debt valuation curve to the 45 degree line in
Figure 2. A higher bailout price is not consistent with the existence of a pessimistic equilibrium.
The banking contract with expected bailouts solves (A.1) with the resource constraint for early consumers
in the pessimistic state modified to reflect the government debt buyback program:


πcE (sp ) ≤ q1max B0B − B1B (sp ) + εl1 (sp ) − L1 (sp )

(A.47)

Unlike in Proposition 2, here the government does not fully insulate the bank from the risk in government
bonds because this is infeasible.
This leaves the bank with a choice of whether to expose depositors to risk or whether to insure them
fully by issuing equity. From Proposition 4 we know that equity issuance implements the first best banking
contract. This contract gives the highest utility to a depositor bringing d units of deposits to the bank and,
since it is feasible, the bank issues equity and offers this allocation to households. This allocation satisfies
the IC constraints, (A.6).
The bank issues equity x0 such that it is just solvent under pessimism provided that the government does
buy back the debt at price q1max . For the bank to be solvent in the pessimistic state, the net present value
of liabilities (c∗E , c∗L ) must be equal to the value of bank assets when a debt buyback is provided:

i0 = πc∗E +

(1 − π) c∗L
− q1max B0
R

Hence, using the period 0 budget constraint:

x0 (q1max )

= q0 B0 + i0 − d
=

(q0 − q1max ) B0 + πc∗E +

(1 − π) c∗L
−d
R

= (q0 − q1max ) B0
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where the third equality follows from the fact that depositors receive claims whose net present value equals
the funds they deposit in the bank. Equity is issued to protect the bank from potential losses on sovereign
bond holdings. The lower the buyback price q1max relative to q0 the more equity needs to be issued by the
banks in order to protect their depositors from fluctuations in government bond values.
The bank has no incentive to issue more equity than this amount because it is insured by the government’s
buyback policy anyway. It will not want to issue less because, by the definition of q1max the government is
unable (because Condition 1 does not hold) to offer a larger bailout.
Step 2: Government’s Choice
The proof proceeds in a parallel fashion to the proof of Proposition 2. The government will choose
between the partial buyback, denoted P B, and no bailout, denoted N B. Under a buyback scheme, the
government will buy as much debt as banks supply at a price of q1max . Throughout, let (1G = 0) denote
the states in which the government repays its debt and let (1G = 1) denote default states. Given that the
government debt market is in a state of pessimism, the analysis characterizes the payoffs in periods 1 and 2
to households and investors with and without a debt buyback.
Welfare under the Partial Bailout
First, we examine the case when the government acts as expected by purchasing debt at a price q1max .
This transfer is financed through the issuance of new debt. Following similar derivations as in Proposition
3 social welfare when a buyback is provided is:



W P B = πu c∗E + (1 − π) u c∗L

(A.48)


 ω
 ω

+ω A1 − q1max B0B +
Ā + RiI0 −
1 − pP B γ Ā.
R
R
In (A.48), pP B is the probability that the government repays at the final date conditional upon a buyback
at price q1max being provided:

PB

p


=1−F

B0 + T (q1P B )/q1P B
Ā


.

(A.49)

In (A.49), q1P B denotes the market price of government debt in the middle period if there is pessimism
and a bailout is provided. This is determined from the investor’s arbitrage condition of

pP B
q1P B

= R and (A.49).

Finding the (pP B , q1P B ) that solves these two conditions is the same as finding a solution to (13), other than
the optimistic equilibrium. By assumption, the economy is in a pessimistic solution to (13).
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Welfare without a Bailout
When the government does not bailout the banks (as expected on the equilibrium path), they are insolvent. This triggers default costs up to the value of ψ fraction of the bank’s balance sheet (ψd). At this
point, the banks re-optimize given their existing assets and liabilities without government involvement.
As shown in the proof to Proposition 2, the bank solves (A.19) with a solution which delivers ĉE < c∗E
and ĉL < c∗L to depositors such that u0 (ĉE ) = Ru0 (ĉL ). The bank sells all its bonds to investors (B1B = 0)
thus making the allocation to late investors independent of the sunspot shock. However all depositors receive
a smaller allocation compared to the first best reflecting the decline in bank asset values as a result of the
sunspot. The consumption allocation is increasing in the amount of equity issued by the bank at the initial
date.
Welfare if no buyback is provided
Social welfare when no buyback is provided is:

W NB =
+



πu ĉE + (1 − π) u ĉL

(A.50)


 ω

ω A1 − q1N B B0B +
Ā + RiI0 .
R

In these expressions, the loans to banks made by the investors in period 1 cancel with the proceeds from
those loans at the interbank loan rate of r = R.
When no buyback is provided pN B = 1 and the probability of sovereign default is zero. This is why the
above expression does no depend on the deadweight costs of sovereign default (γ).
The Bailout Decision
The difference in the value of the social welfare function between buyback and not is:

∆ ≡ W P B − W NB

(A.51)








= π u c∗E − u ĉE + (1 − π) u c∗L − u ĉL − ω q1max − q1N B B0B
+


ω PB
p
− 1 γ Ā.
R

where pP B is given by (A.49).
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From the constraints of the banking problems,

π[c∗E − ĉE ] + (1 − π)[

c∗L − ĉL
] = (q1max − q1N B )B0B − ψd.
R

(A.52)

Using ω = u0 (c∗E ) = Ru0 (c∗L ), the first term in (A.52) becomes



π u c

∗E



E

− u ĉ





+ (1 − π) u c
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L

− u ĉ
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∗E

π[c

c∗L − ĉL
− ĉ ] + (1 − π)
R
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(A.53)

Due to the presence of deadweight losses from bank failure (ψd) and by the strictly concavity of u(·) this
term is positive although it is smaller compared to (A.45) because the fact that the bank had issued some
equity makes the consumption allocations under no bailout better compared to the one in Proposition 2.
This term represents the net gain to the debt buyback ignoring its impact on debt fragility. The buyback
redistributes between depositors and investors in a way that restores the bank to solvency and avoids the
deadweight bankruptcy costs. It also removes the risks faced by depositors due to strategic uncertainty in
the debt market. This term is larger, the larger the costs of disrupting intermediation ψ.
The second term represents the additional costs of the debt buyback in terms of higher bankruptcy costs.
It is proportional to the change in expected bankruptcy costs due to the bailout:


pP B − 1 γ < 0.

(A.54)

and clearly negative due to higher probability of sovereign default under the bailout. It is clear that when
is sufficiently large and γ is sufficiently small, ∆ > 0.
If, as in the second part of the proposition, γ is sufficiently large and ψ is sufficiently small, then, a full
bailout will not occur, i.e. ∆ < 0.
If markets clear at the presumed prices, then these are two sufficient conditions for ∆ > 0 and a sufficient
condition for ∆ < 0. Step 3 of the proof shows that markets clear at the conjectured prices.
Step 3: Market Clearing
We construct prices such that markets clear. All government debt is held by banks as they receive the
benefits of the debt buyback. From Assumption 1, this is feasible because bank deposits are larger than the
government debt stock at the initial date.
When the bank knows it will receive a buyback price of q1max in the event of pessimism at the middle date
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and when it knows that the consumption allocations of depositors are independent of the sunspot (due to
the combination of equity issuance and government bailout assistance), the bank is risk-neutral in its pricing
of the bond. Let ν denote the probability of optimism. Hence at

q0 = ν

1
+ (1 − ν) q1max
R

(A.55)

as assumed in the construction of the equilibrium, banks are indifferent between illiquid investment and the
holding of government debt to finance the consumption of late households. Since q1max > q1BB (above market
price buybacks), the price (A.55) is above what investors are prepared to pay for government debt. Hence
banks hold the entire stock of government debt in period 0 and investors hold all the debt after period 1
trades.
Period 1 government debt prices are q1 (so ) =

1
R

and q1 (sp ) =

pP B
R

where pP B < 1 is the probability of

repayment under bailout given by (A.49).
From the preferences of the investors, they are willing to lend as much as demanded in the interbank
market if rb = R. Thus this market will clear at that price with and without government debt buyback.

7.3.5

Proof of Proposition 4

Proposition 4 When banks expect no bailout, they fully insure their depositors by issuing equity. The first
best banking contract is offered. The government does not need to bail out banks and therefore strategic
uncertainty in the debt market disappears.
Proof.
Let q1 (so ) be the price of government debt under optimism and q1 (sp ) be the price of government debt
under pessimism, with q1 (so ) > q1 (sp ) in the
The proof argues that there exists equity infusion x0 such that (i) the contract with equity fully insulates
depositors from risks and supports the first best allocation despite stochastic government debt prices and
(ii) investors receive their required rate of return from the equity investment. We first determine the level
of equity investment needed to support the first best contract, (c∗E , c∗L ). We then argue that the return on
this equity equals the outside option of the investors.
Let x0 denote the period 0 investment of equity holders into the bank and let e0 denote its market value.
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Because the first best contract delivers state-uncontingent allocations to consumers, we drop the dependence
of consumption on the sunspot state or the government’s default decision. In the first best contract, the
expected net present value of promises to depositors equals the amount they deposit at the initial date:

πc∗E +

(1 − π) c∗L
= d.
R

(A.56)

To support the first best contract, the bank must have sufficient resources to meet the contractual
commitment to early consumers regardless of the realized government debt price:

πc∗E = q1 (sp )B0B

(A.57)

where q1 (sp ) is the period 1 price of government debt under pessimism. In this state, the bank sells its entire
bond holding in order to pay off early consumers. Promises to late consumers are met through the illiquid
investment:
(1 − π) c∗L = Ri0 .

(A.58)

The cash flow for dividend payments to shareholders is only generated in the optimistic state. The bank
rolls over its bond not needed to fund the early consumers:


πc∗E = q1 (so ) B0B − B1B (so ) .

(A.59)

The rolled over bond holding is then used to pay dividends to shareholders at the final date:

δ2 (so ) = B1B (so ).

Since there is no default under optimism, the payment to equity holders is not indexed by the government
default decision. The value of the equity to the shareholder is the discounted expected value of this dividend:

e0 =

νB1B (so )
.
R

(A.60)

For the equity investment to be undertaken in equilibrium it must be the case that this expected value
equals the equity put into the bank by the investor, i.e. x0 = e0 . Substituting (A.56), (A.57) and (A.58) into
(A.2) yields x0 = q0 B0B − πc∗E . From this and from the definition of q1 (so ) and q1 (sp ) the equity investment
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needed is:
x0 = ν

(1 − p) ∗E
πc .
p

(A.61)

Combining (A.57) with (A.59) we get:

B1B (so ) = R

(1 − p) ∗E
πc .
p

Hence
e0 = ν

(1 − p) ∗E
πc = x0 .
p

When the bank issues equity, it insulates its depositors from any uncertainty that affects bank portfolio
returns. This implements the first best contract. This allocation satisfies the IC constraints, (A.6).
While strategic uncertainty is still expected but no bailout is anticipated, banks have a strict incentive
to issue equity. However, once banks issue equity, pessimism no longer requires a government bailout and
is no longer an equilibrium. As a result, an individual bank is indifferent between issuing equity and not
issuing in this equilibrium.

7.4

Extensions

This section assesses the robustness of our findings on the existence of a diabolic loop to two features of our
model. First, we consider an alternative model of strategic uncertainty in debt markets coming from the
financing of a fixed level of government purchases in the middle period. Second, we study debt rollover as a
source of multiplicity in the middle period debt market. Third, we allow for strategic default. Fourth, we
look at the impact of government commitment.

7.4.1

Spending in the Middle Period: G1 > 0

A another reason for B1 (q1 ) to be contingent on q1 comes from government spending.29 Suppose the
government is committed to spending G1 > 0 in period 1. It must sell new debt of

G1
q1

to finance this level

of real spending.
29 As suggested by a referee, this case is closest to Calvo (1988). Here it is key that the government is committed to G rather
1
than simply choosing the face value of its debt. See Guo and Harrison (2008) for a discussion of timing assumptions of the
government in models of multiple equilibria. For the multiplicity that arises through the bailout, there is no commitment to a
level of spending as the bailout is a choice of the government.
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It is also of interest to understand the multiplicity of solutions of the debt pricing equation even if the
government does not bailout banks. That is, here we impose a no bailout policy with T (q1 ) = 0 for all q1
but allow interim government purchases, G1 > 0.
In this case, (13) simplifies to:
1−F



B0 +G1 /q1
Ā

R


= q1

(A.62)

Importantly, the left side is still increasing in the price of government debt, thus creating the potential for
multiple solutions. Further, we will assume that there remains an equilibrium without default and thus
q1 = q1∗ .
The following example is drawn for the same tax capacity distribution as in the previous section and for
G1 = 0.04. It illustrates the multiplicity of equilibria when there are no bailouts but the government needs
to finance government expenditure at the middle date.
Figure 3: Multiple Solutions with G1 > 0
1
0.9
0.8

debt price (q)

0.7
0.6
0.5
0.4
0.3
debt pricing equation
45 degree line

0.2
0.1
0
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

debt price (q)
This graph shows the multiple solutions to the no-arbitrage condition with
G1 > 0 and T (q1 ) = 0.

The figure shows that a similar set of equilibria exists when multiplicity arises due to G1 > 0. Just as
in the previous section, the multiplicity arises due to the government having to issue more debt when the
debt price is low. In the previous case we considered, the greater issuance arose out of a need to bail out the
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banks. Here it arises out of the need to finance government expenditure which is fixed in terms of goods.

Multiple Debt Prices More generally, both the left and right sides of (A.62) are increasing in q1 . This
creates the possibility of multiple solutions to (13).
Assumption 4 With T (q1 ) = 0 for all q1 and G1 > 0, there exists a tax capacity distribution such that
there are multiple solutions to (A.62), including q1 =

1
R

and a locally stable solution with q1 <

1
R.

As in the case of government bailout of banks, this assumption is not vacuous. Again, the example makes
clear that multiple equilibria may arise.
Following the discussion of Proposition 4, if G1 > 0 and there are multiple equilibria in debt valuations,
then banks will have a strict incentive to hold equity. This is shown in the following proposition.
Proposition 5 In a sunspot equilibrium with G1 > 0 and no government bailout, if Assumption 4 holds,
banks will fully insure their depositors by issuing equity. The first best banking contract is offered.
Proof.
The proof follows almost trivially from the proof of Proposition 4 where we demonstrated that issuing
equity at the early date can insulate depositors from banking instability and can deliver the investors’
required rate of return on equity. When G1 > 0 and no government bailout and Assumption 4 holds, a
pessimistic equilibrium will exist even when no bailout will be provided. Hence banks will strictly prefer to
issue equity at the early date. Strategic uncertainty will exist in the debt market but this will not affect
banks due to the equity cushions. The first best contract will be offered and a bank that does not issue will
not attract any depositors. This allocation satisfies the IC constraints, (A.6).

7.4.2

Debt Rollover

In our model, multiple equilibria in the government debt market arise due to the feedback between debt
issuance in the middle date (either to finance government expenditure or to bailout banks) and the interest
rate on government debt. Higher interest rates necessitate higher issuance which increases the probability
of default thereby validating the higher interest rates.
An alternative framework to generate multiplicity is the model of Cole and Kehoe (2000) which models
dynamics where government default occurs due to difficulty in rolling over outstanding debt. This mechanism
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is absent from the baseline version of our model since all of the debt present in period 0 has a two-period
maturity. Thus, there is no rollover decision in period 1 and the debt sold in period 1 is needed to finance
either government purchases or a bank bailout.
To illustrate how debt rollover might enter into our model, suppose that an exogenous fraction λ of the
period 0 government debt matured in period 1. As already assumed in the model, period 1 expenditures are
financed by newly issued debt. In this case, the evolution of government debt is given by:

B1 (q1 ) = (1 − λ)B0 +

λB0 + G1 + T (q1 )
.
q1

(A.63)

This is (12) with the added flow of λB0 on the one-period debt. There are a couple of main points about
adding debt rollover to our model that are apparent from this expression.
First, as long as the government does not default in the middle period, the debt rollover plays a similar
role as the exogenous expenditure G1 . That is, unless it chooses to default, the government has an obligation
fixed in units of the consumption good to meet in the middle period. This implies that the amount of new
debt the government must issue is endogenous and inversely related to the price of its debt, q1 .
Second, allowing rollover does, of course, create yet another source of multiplicity along the lines of
Cole and Kehoe (2000). Pessimistic investors might be unwilling to pay very much for the newly issued
government debt in period 1, anticipating likely default in period 2. Since the newly issued debt, following
the timing in Cole and Kehoe (2000), would be used to subsequently repay the outstanding obligation, the
government may default already in period 1.
Such a ‘shut-down’ equilibrium (q1 = 0) exists also in our baseline model too but we purposefully chose
not to focus on it. Our goal, in part, was to distinguish fragility in debt markets from actual default. As
noted in the introduction, these are two very distinct events.
A number of our results continue to hold in this modified model. First, there is an optimistic equilibrium
in which there is no default in either period. As in Proposition 1, if investors believe there will be no default
in period 2, then government debt will be rolled over at a price of q1∗ =

1
R

and there will be no default.

Second, as in Proposition 5, if there is sufficient equity issued by banks, then households will obtain the
first best banking contract and will be insured against strategic uncertainty. Nonetheless, sunspots may play
a role in both the roll over of government debt and its valuation in period 1.
Constructing equilbria with roll over risk and actual default in period 1, as in Cole and Kehoe (2000),
combined with a bailout is considerably more difficult. If a government defaults in period 1 because it cannot
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roll over its debt, then it can not borrow further to finance a transfer payment to its banks. In this case,
the reduction in the value of government debt will immediately create bank failures. There is a crisis but no
diabolic loop.
If there is pessimism in period 1 about period 2 repayment but the debt is rolled over and no default
occurs in period 1, then the refinancing of the maturing debt will be more expensive for the government. In
such a situation, a version of Proposition 2 still holds and is summarized in:
Proposition 6 If Condition 1 holds and
1. either (i) the default cost, γ, is sufficiently small or (ii) the cost of resolving the banking system, ψ,
is sufficiently large, there will exist a SPNE with a government long term debt buyback at a price
of q1T =

1
R

in the pessimistic sunspot state. The first best banking contract is offered to households

supported by a bailout in the pessimistic state. No equity is issued by the bank.
2. the default cost, γ, is sufficiently large and the cost of resolving the banking system, ψ, is sufficiently
small, there will not exist a SPNE with a government long term debt buyback at a price of q1T =

1
R

in

the pessimistic sunspot state.
Proof.
The proof has three steps: (i) characterizing the optimal banking contract, (ii) determining the government’s bailout choice and (iii) checking market clearing.
Step 1: Optimal Contract
First of all, we modify the banking contract to take into account the presence of short-term (1-period)
and long-term (2 period) debt issued by the government at date 1. We denote the bank’s purchases of short
and long term debt by B01 and B02 respectively. The prices of the two types of debt at date 0 are q01 and q02 .
The bank solves:

max

1

1

i0 ,B01 ,B02 ,x0 ,cE (s),cL (s, G ),δ2 (s, G ),l1 (s),B1 (s),L1 (s)



E[πu cE (s) + (1 − π) u cL (s, 1G ) ]

(A.64)

such that
i0 + q01 B01 + q02 B02 ≤ d + x0

(A.65)



πcE (s) ≤ q1 (s) B02 − B1 (s) + B01 + εl1 (s) − L1 (s) + T q1 (s) , B02 , ∀s

(A.66)
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(1 − π) cL (s, 1G ) ≤ (1 − 1G )B1 (s) + R (i0 − l1 (s)) − δ2 (s, 1G ) − rb L1 (s) , ∀s

(A.67)

Eδ2 (s, 1G ) ≥ Rx0

(A.68)





Eu cL (s, 1G ) ≥ u βcE (s) ; Eu cE (s) ≥ u βcL (s, 1G ) ∀s

(A.69)

B1 (s) denotes the bank’s purchases of one period debt in the middle period. The market price of 1-period
debt in the middle date is q1 (s).
To construct an equilibrium, suppose the banks anticipate a bailout of their long term debt holdings by
the government in the event of pessimism. The banking contract with expected bailouts solves (A.1) with
the resource constraint for early consumers in the pessimistic state modified to reflect the government
debt buyback program:

πcE (sp ) ≤


1
B02 − B1 (sp ) + B01 + εl1 (sp ) − L1 (sp )
R

(A.70)

Here the government buys long-term (2 period) government bonds B02 from the banks at the optimistic price
of q1 (sp ) =

1
R,

making the return on long term government bonds independent of the sunspot. This is the

form of anticipated government support in the pessimistic sunspot state. The government also repays the
one period debt held by banks B01 .
The government debt support at

1
R

implies that the contract between the bank and the households is

immune from the sunspot. With the prices of short and long term debt at, respectively, q01 = 1 and q02 =

1
R,

verified below, the bank problem is identical to that solved in the optimistic equilibrium, characterized in
Proposition 1. Hence the banking contract is the first best one, (c∗E , c∗L ), which, as noted above, is incentive
compatible.
Given that the households are insured through the government buyback, there is no gain to supplying
equity to the bank. Hence x0 = 0.
Step 2: Government’s Choice
The proof here follows exactly the same logic as in Proposition 2. As long as the cost of having an
insolvent banking system (determined by the parameter ψ) is greater than the increase in the expected

ECB Working Paper Series No 2195 / November 2018

55

default costs due to the higher government debt, the government will choose to bail out the banking system
in the event of pessimism in the middle date. This happens when ψ is large and γ is small.
Step 3: Market Clearing
We construct prices such that markets clear. All long term government debt is held by banks as they
receive the benefits of the debt buyback. From Assumption 1, this is feasible because bank deposits are
larger than the government debt stock at the initial date of which long term government debt is a subset.
At q02 =

1
R,

as assumed in the construction of the equilibrium, banks are indifferent between illiquid

investment and the holding of long term government debt to finance the consumption of late households.
The banks are the marginal holders of the long term government debt in period 0. Along the equilibrium
path, banks sell all the risky long term debt to investors at date 1 and do not buy any newly issued short
term debt. In other words B1 = 0.
Period 1 prices are q1 (so ) =

1
R

and q1 (sp ) =

pBB
R

where pBB < 1 is the probability of repayment under

bailout given by (A.41).
From the preferences of the investors, they are willing to lend as much as demanded in the interbank
market if rb = R. Also when q01 = 1, investors and banks are willing to hold the short term debt supplied by
the government at the early date. Since we are focusing on an equilibrium in which there is no government
default in period 1, this date is safe and carries no bailouts. Hence both banks and investors would be willing
to hold it at the conjectured market prices.
Thus all markets will clear.

The introduction of a rollover problem increases the government’s vulnerability to multiple equilibria in
the sovereign debt market because, as already discussed, the need to refinance debt plays the same role as
additional government expenditure in the middle date. Long term debt will be bought by the banks at the
early date since it is risky and therefore entitles the bank to a bailout subsidy in the equilibrium in which
the government chooses to bailout the banks under pessimism.
Then all the analysis in our baseline case goes through. The government saves the banks as long as
the costs from bank failure are sufficiently large and the costs from sovereign default are sufficiently small.
Banks overinvest in long term government debt and issue no equity.
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7.4.3

Strategic Default

In our model, the period 2 government default is non-strategic. If the government has the tax capacity
to repay, it does, otherwise it defaults. This simplification allows us to focus on the key decision of the
government: to bailout the banks or not. Consequently, the cost of default has no direct impact on the
probability of default. But it does have an indirect impact through the incentives of the government to
bailout the banks. A forward looking government realizes that bailing out the banks increases the probability
of default and thus of bearing the cost of γ Ā. Hence, for us, bailout rather than default is the key strategic
choice faced by the government.
Introducing strategic default into our framework is possible and does not change the essence of our results.
To do this, we make three modifications to the model.30 First, investors have a labor supply choice in the last
period. Second, there is distortionary taxation of this labor income. Third, there is a stochastic endowment
element of the income of investors. This will suffer losses in the event of sovereign default.31
Taken together, this structure implies that paying off the debt is costly due to the distortionary taxation
needed to finance the debt repayment. Since the labor endowment is random (and default costs are proportional to it), default is optimal only when the endowment is sufficiently low relative to the debt burden.
And, most importantly, increases in debt outstanding will imply that default is more likely.
From the proof of Proposition 2, specifically (A.38) and (A.39), the default decision only impacts social
welfare through the damage it causes to the endowment of investors. To see why, recall that banks sell
their bonds to investors in the middle date. This is due to the fact that investors are risk-neutral while
households (who deposit in banks) are risk averse and therefore it is optimal for investors to bear all the
sovereign default risk. This implies that in period 2, households are insulated from the impact of default
and only investors are affected. Hence any strategic default decision will be taken purely due to its impact
on the welfare of investors.
Allowing for a labor supply choice, denoted n, and random endowment, denoted Ā, the utility of the
investor, conditional on repayment at the last date is given by:

W2I = Ā + (1 − τ )n −

n1+σ
+ B1
1+σ

30 These are taken, in part, from Cooper, Kempf, and Peled (2008). As in that discussion, we assume the economy operates
on the upper slope of the Laffer curve so that τ n(τ ) is increasing in τ .
31 It is also possible to consider a pure production economy with stochastic productivity that suffers in the event of default.
This proved harder to obtain analytical results with. As this is not the baseline version of our model, we make the simplifying
assumption that investors’ income contains an endogenous element that is produced using labor and an exogenous endowment
element which suffers in the event of default.
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where B1 is the holding of debt by investors.32 Let n(τ ) be the utility maximizing level of work by an
investor facing tax rate τ . Then the net flow of utility from the employment choice is given by.

Z(τ ) = (1 − τ )n(τ ) −

n(τ )1+σ
.
1+σ

The welfare of investors when the debt is repaid is given by:

W r = Ā + Z(τ ) + B1 .

(A.71)

In this case investors pay taxes at a rate τ to finance the repayment of the debt obligation B1 . From the
government budget constraint, the tax rate is determined by τ n(τ ) = B1 .
The welfare of investors when the debt is not paid is given by:

W d = Ā(1 − γ) + Z(0)

(A.72)

where γ parameterizes the lost endowment under default. In this case, of course, the distortionary tax is set
to zero.
Reducing the distortionary tax is the gain to default while γ > 0 parameterizes the cost. Let ∆(Ā, B1 ) ≡
W r − W d , so that
∆(Ā, B1 ) = γ Ā + Z(τ ) + B1 − Z(0)

(A.73)

Clearly ∆(Ā, B1 ) is increasing in Ā. To see that it is decreasing in B1 : take a derivative of Z(τ ) + B1
with respect to B1 to obtain:

d(Z(τ )+B1 )
dB1

dτ
= 1 + Z 0 (τ ) dB
= 1−
1

n
n+τ n0 (τ )

< 0. The sign uses that fact that

the the denominator is positive when the economy operates on the upward sloping part of the Laffer curve.
The fact that ∆(Ā, B1 ) is increasing in B1 is key to linking the endogenous default choice with the
model of random tax capacity specified in Section 3.4.1. The property that default is more likely when debt
outstanding is large is clearly robust to allowing endogenous default. This property is, of course, necessary
for the existence of the diabolic loop.
32 There are other sources of income of investors, shown in (A.38) and (A.39), that are omitted as they are not impacted by
the default choice of the government.
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7.4.4

Commitment

Without commitment, if the default cost (γ) is small, and the intermediation sector is costly to resolve (ψ
is large), the government will be induced to support the financial system during a banking crisis. In this
case, sunspot driven fluctuations in the value of government debt are ultimately absorbed by the investors
who provide the taxes to support the banks. This form of risk sharing through the government is costly.
Insofar as a bailout is financed by the issuance of new government debt, the higher debt burden increases
the likelihood of sovereign default which carries deadweight costs.
As we saw in Proposition 4, there is another, more efficient, way to share the risk associated with
debt fragility: through bank equity. As long as banks expect no government assistance in the event of
insolvency, they will privately choose to insure depositors by building up equity buffers. The proposition
below demonstrates the fact that if the government can commit to a no bailout policy, the banking system
will self-insure and become immune to strategic uncertainty: there is no diabolic loop. In fact, since the key
to the debt fragility is the government support of the banks, commitment to a no-bailout policy is sufficient
to eliminate strategic uncertainty in the debt market.
Proposition 7 A committed government will choose not to bailout the banks. In the SPNE, banks selfinsure through equity issuance and provide the first best contract to households.
Proof.

The proof has three steps: (i) characterizing the optimal banking contract, (ii) determining the

government’s bailout choice and (iii) checking market clearing.
Step 1: Optimal Contract
Under Assumption 2, sunspot equilibria exist even when the government does not bail out the banks and
sovereign debt remains risky. Let q1 (so ) be the price of government debt under optimism and q1 (sp ) be the
price of government debt under pessimism, with q1 (so ) > q1 (sp ). Using Assumption 2, the outcome under
optimism is the no default solution to the debt pricing equation. So q1 (so ) = q1∗ =

1
R.

q1 (sp ) =

p
R

where

p < 1 is the probability of government repayment in the pessimistic equilibrium.
From Proposition 4 we know that, when the bank issues sufficient equity, depositors are fully insured
against the uncertaintly in the government debt market and the first best banking contract can be offered.
This allocation satisfies the IC constraints, (A.6).
Step 2: Government’s Choice
If the government commits to no bailout, then the first-best contract is provided by the banks and
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households bear no risk from variability of debt prices.
If, instead, the government commits to a bailout, it cannot improve upon the first-best allocation. The
banks, as shown in the proof of Proposition 2, will continue to offer the first-best contract.
But the first-best allocation will not obtain. Under bailout, the government issues more debt. This
will increase the probability of default directly and thus depress the valuation of government debt. Under
pessimism, as seen in point ’PE’ Figure 2, the outcome will be a lower value of government debt. The
reduction in the value of debt implies the government must raise even more debt to finance bailouts.
The probability of default under a bailout becomes

pBB = 1 − F



B0 + T (b
q1 )/b
q1
Ā


.

(A.74)

where qb1 denotes the value of government debt under a bailout in the pessimistic sunspot state, as in point
’PE’ in Figure 2.
When there is no bailout and no government spending, Assumption 1 guarrantees that the probability of
repayment is unity. It is clear that the probability of repayment with bailouts (pBB ) is smaller than unity
for two reasons. First, under bailout, the government issues more debt as T (b
q1 ) ≥ 0. Second, qb1 < q1 (sp ),
as seen in Figure 2. Hence the expected default cost, due to γ > 0, is higher under a bailout.
Step 3: Market Clearing
The construction of equilibrium prices such that markets clear parallels that in the proof of Proposition
1.

Proposition 7 shows that government discretion is a necessary ingredient for the existence of the ‘diabolic
loop’. A committed government that withholds bailouts ex post will induce banks to self-insure in a way
that obviates the need for government assistance. The resulting allocation is identical to the optimistic
equilibrium (first best allocation) characterized in Proposition 1.
Propositions 2 and 7 demonstrate how bank risk taking in the sovereign debt market grows and the joint
fragility of banks and sovereigns worsens with diminished commitment. If governments can commit not to
bail out, bank and sovereign balances sheets become disconnected and there is no sovereign-banking loop.
When no commitment is possible, we get full moral hazard: banks over-invest in government debt and issue
no equity. The probability of government default in the pessimistic equilibrium is higher under discretion
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than in the case of the government with commitment.
In both of these equilibria the households suffer no losses from the onset of pessimism in the debt market.
But this happens in very different ways. In the equilibrium with commitment, the banks self insure through
equity. So when there are variations in the value of government debt, the banks have a buffer.
In the equilibrium without commitment, there is no equity. The banks are insolvent following a pessimistic
sunspot. The government steps in to protect depositors: this is a banking crisis, but not one that entails
depositor losses. Because of the bailout, government debt is higher, thus increasing the chance of a costly
default (when γ > 0). This is the source of the welfare loss without commitment.
Absent the ability to commit, the government may take actions ex ante to make more credible a pledge
of “no bailouts” ex post. As suggested by Proposition 2, ex ante actions to increase the costs of sovereign
default along with measures to make it easier for banks to fail, will reduce incentives for ex post bailout. In
our model, these actions reduce the value of ψ. Recent efforts to limit the importance of banks who otherwise
might be “too big to fail” would be one example. Another is the increased reliance on explicitly ‘bailinable’
debt instruments in addition to insured deposits in banks’ liability structure. Indeed, when bailouts are
avoided, fragility in the sovereign debt market disappears.
As in Proposition 4, in equilibrium the bank’s incentive to issue equity is weak since debt fragility
disappears in the absence of a government bailout. In fact, Proposition 5 applies here as well.33 That is, if
the government needs to finance some other form of expenditure in the middle date (i.e. G1 > 0), there are
multiple solutions to (A.62) even in the absence of bailouts. Then fragility will exist in the debt market and
banks will have a strict incentive to issue equity.

33 In

contrast to Proposition 4, here the government has committed to no bailout as distinct from expected not to bailout.
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