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Abstract

We propose a joint theory for interest rate dynamics and bailout decisions. In-

terest rate spreads are driven by time-varying fundamentals and expectations of fu-

ture bailouts from a common government. Private agents have beliefs about whether

the government is a commitment type, which never bails out, or an optimizing type,

which sequentially decides whether to bail out or not, and learn by observing its ac-

tions. The model provides an explanation for why we often observe governments

initially refusing to bail out borrowers at the beginning of a crisis even if they eventu-

ally end up providing a bailout after the crisis aggravates. In the typical equilibrium

outcome, spreads are non-monotonic in fundamentals, and decisions on whether to

bail out individual borrowers affect the spreads of other borrowers. These dynamics

are consistent with the behavior of bailouts and spreads during the recent US financial

crisis and European debt crisis.
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1 Introduction

Expectations about the generosity of bailouts are an important driver for interest rates on
defaultable debt. For example, in the recent US financial crisis, CDS spreads of large fi-
nancial institutions rose sharply after regulators let Lehman Brothers fail, a negative news
event about the willingness of the government to bail out financial firms, but reversed
course after the announcement of the Troubled Asset Relief Program (TARP), a positive
news event, even though fundamentals arguably worsened. Similarly, EU sovereign debt
spreads declined significantly after the announcement of the unlimited bond buying pro-
gram (OMT) by the ECB, which was a positive news event about the willingness to pro-
vide government support in the future.

In this paper, we propose a joint theory for interest rate dynamics and bailout de-
cisions. We study a dynamic model in which spreads are driven by fundamentals and
time-varying expectations of future bailouts from a common government. Private agents
have beliefs about whether the government is a commitment type, which never bails out,
or an optimizing type, which sequentially decides whether to bail out or not, and learn
by observing its actions. The model rationalizes why governments initially refuse to bail
out borrowers even though they eventually end up bailing out borrowers as the crisis
gets more severe. This was indeed the case during the US financial crisis when Lehman
Brothers was allowed to fail but eventually the government implemented TARP. This in
turn implies that in equilibrium spreads are hump-shaped during a crisis: they start low,
then jump at the beginning of a crisis when the government initially refuses to bail out,
and eventually fall if the crisis worsens and the government agrees to a bailout. More-
over, the model can generate the contagion and increase in the sensitivity of spreads to
fundamentals we observed during the crisis.

We consider a simple economy where borrowers borrow from risk-neutral lenders to
invest in a risky project. Borrowers can be interpreted as either banks who raise funds
from depositors and lend to the non-financial sector, or sovereign governments who bor-
row to finance expenditures. Absent a bailout, borrowers default on debt after the real-
ization of a bad idiosyncratic shock. Default imposes a social cost that can be avoided if
the government bails out the lenders. The government can be one of two types: a com-
mitment type, which never bails out, or an optimizing type, which trades off the static
benefits of bailing out the lenders and avoiding the social default cost, with the dynamic
costs of losing future reputation. This type is not observed by private agents, who learn
about it over time by observing the government’s actions.

The model generates a positive relationship between interest rate spreads and the gov-
ernment’s reputation, defined as the private agents’ prior about facing the commitment
type. If the government’s reputation is high, lenders expect to be bailed out with low
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probability and there is a higher probability of default; therefore, lenders need to increase
interest rates in order to break even.

The economy is subject to an aggregate shock that changes the distribution over id-
iosyncratic shocks faced by borrowers and thus affects the fraction of borrowers that need
a bailout in order to avoid a default. In normal times, when all borrowers receive high
shocks, borrowers do not default; therefore, there is no need for a bailout. As a result,
there is no learning about the type of the government, so spreads remain low (and con-
stant) if the initial reputation of the government is low. If the economy is hit with an
intermediate shock that affects a small fraction of borrowers adversely, the static incen-
tives to bail out increase, but by choosing not to bail out, the optimizing type can increase
its reputation. If the latter effect is large enough, the best response for the optimizing
type is to randomize between bailing out and not. If private agents observe no bailout,
the reputation of the government increases because observing no bailout is more likely if
the government is the commitment type. Thus, private agents assign a larger probability
to no bailouts in the future and spreads rise for all borrowers, even those that currently
have the high idiosyncratic shock. If the economy is hit by a large negative shock that
affects the majority of borrowers, the static bailout benefits eventually dominate the dy-
namic reputational costs. As a result, the optimizing type government chooses to bail out,
which results in a drop in reputation and hence a sharp reduction in spreads despite the
fundamentals being worse.

Along the equilibrium path, spreads and debt issuances are less responsive to the state
(aggregate and idiosyncratic) when reputation is low. That is, if the probability of facing
the optimizing type is high, then debt prices are mostly unaffected by the state, since
lenders expect a bailout in bad states with a high probability. This generates a differen-
tial sensitivity of prices to fundamentals that Acharya et al. (2016) and Cole et al. (2016)
document in the data.

To generate the hump-shaped dynamics in the baseline model, an economy must
reach a severe crisis by first transiting to an intermediate state in which a small fraction
of borrowers need a bailout. This is not necessary when the government learns about the
aggregate state of the world from noisy prices, similar to Nosal and Ordoñez (2016). The
reason is that the government’s incentives to bail out are driven by its beliefs about the
true state of the world, which can be driven by noise rather than changes in fundamentals.

In the baseline model we show that it is worthwhile to bail out only if a sufficiently
large fraction of borrowers will default absent a transfer. This is because the static bene-
fits of a bailout must be large enough to compensate for the loss in reputation. In reality,
however, we often observe cases in which governments bail out small banks. One re-
cent example is the case of the Italian government bailing out two mid-sized banks in
2017, in violation of the principles of the European banking union. In an extension of the
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model, we show that when the borrowers’ default decisions are dynamic – in that they
consider future profits in deciding whether to default or not – the share of borrowers that
ends up receiving the bailout is not a sufficient statistic for the static benefits of a bailout.
The government may choose to bail out a few borrowers in order to avoid contagion to
other borrowers that would default absent a bailout. The reason for this is that since
bailouts (or lack thereof) change private beliefs about the government’s future behavior,
bailouts affect borrowers’ continuation values of not-defaulting. Thus, the static benefits
of a bailout can be large even if in equilibrium the government ends up bailing out only
a small fraction of borrowers.

Finally, we show that the model can help to account for some patterns in three recent
crises: the US financial crisis, the recent banking crisis in Italy after the institution of the
Single Resolution Mechanism (SRM) within the context of the European banking union,
and the European sovereign debt crisis. In particular, we use our model to interpret the
movements in spreads after major bailout and non-bailout announcements. Consistent
with the predictions of our model, if after an adverse event there is no bailout, the CDS
spreads for borrowers not directly affected by the adverse event go up and so does the
sensitivity of spreads to fundamentals. The opposite happens when we observe a bailout
or an announcement of government support for equity and debt holders. This is also con-
sistent with Chirinko et al. (2019). They argue that Puerto Rico had been able to borrow
at relatively low interest rates despite bad fundamentals because investors anticipated a
bailout by the US Treasury. However, after the decision of the US congress to not bail out
the city of Detroit, the authors show that the Puerto Rican spreads rose dramatically as
our theory predicts. We also summarize some recent empirical work that provides fur-
ther justification for our mechanisms. See Acharya et al. (2016), Veronesi and Zingales
(2010), Schweikhard and Tsesmelidakis (2011), Kelly et al. (2016) for the US financial cri-
sis, Neuberg et al. (2018) for the SRM, and Ardagna and Caselli (2014) for the European
debt crisis.

Our model can also shed light on the discussion among academics and policymakers
about whether Lehman Brothers should have been allowed to fail.1 Our paper suggests
that dynamic reputational considerations might be one reason the Fed did not bail out
Lehman Brothers. As our model suggests, a bailout of Lehman would have severely
reduced the Fed’s reputation and led to a reduction of borrowing costs for all banks. This
would have incentivized banks to borrow even more in the future, thus increasing the
likelihood of future bailouts and implying even greater costs to taxpayers. Moreover, it
was precisely the potential cost associated with allowing Lehman Brothers to fail that
made it a good time for the Fed to build reputation. This sentiment is echoed by Mishkin

1For instance, see Ball (2018).
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(2011), who argues that “letting Lehman fail would serve as a warning to other financial
firms that they needed to rein in their risk taking.”

Related Literature

Our paper is related to a large literature on repeated games with behavioral types pio-
neered by Kreps et al. (1982), Kreps and Wilson (1982), and Milgrom and Roberts (1982).
Phelan (2006) uses this framework to study a model of government reputation with hid-
den types that can stochastically evolve. Our model builds on this framework by em-
bedding it in an investment model with endogenous default and interest rates. A crucial
difference between our models is that in Phelan (2006), the temptation for the government
to reveal its type is high when reputation is high. In contrast, in our model, the incentives
for the government to reveal its type are large when reputation is low. This distinction is
important for generating the desired movement in spreads. Dovis and Kirpalani (2020)
also use a similar framework to study the efficacy of fiscal rules when private agents are
strategic. A key difference between these two environments is that they find conditions
so that default is never optimal; so, their model is silent on the behavior of spreads.

Our paper is also related to a literature on reputation and sovereign default, for exam-
ple Cole et al. (1995), D’Erasmo (2008), and Amador and Phelan (2018). In these models,
there is uncertainty about the type of the borrower, while in ours there is uncertainty
about the type of the bailout authority (which we call the government). This allows us to
study an environment in which spreads are driven by bailout expectations.

Our paper is related to the seminal work of Kareken and Wallace (1978), who study the
effects of debt guarantees on ex-ante incentives for borrowers. See Farhi and Tirole (2012),
Chari and Kehoe (2015), Davila and Walther (2017), and Chari et al. (2016) for more recent
contributions to this literature. Some recent papers including Gourinchas and Martin
(2017), Nikolov and Cooper (2018), de Ferra (2017) and Sandri (2015) study the effects of
bailouts on the debt accumulation decisions in the European Monetary Union. In contrast
to these papers, the bailout decisions in our model are dynamic due to reputation building
incentives. This feature is critical to account for the non-monotone behavior of spreads
during crises.

Nosal and Ordoñez (2016) study a model in which governments learn about the state
of the economy through the actions of private agents. In contrast to our model, there
is no uncertainty about the type of the government. As mentioned above, uncertainty
about the type of the government is crucial to generating the movement in spreads. In
particular, their model cannot account for the increase in spreads if there is no bailout
observed. In Section 4 we extend our model to allow for the government to learn about
the state through the actions of private agents and prices, and we show how these two
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channels interact.
Finally, our section on two-sided learning is related to the literature that studies the

link between real activity and the ability to learn about fundamentals. Examples of such
papers include Veldkamp (2005) and Fajgelbaum et al. (2017). In our model, when rep-
utation is low, prices are less sensitive to fundamentals, which limits the amount the
government can learn about the true state of the world. This parallels the idea in these
papers that learning is harder in bad economic times when there is low investment.

Outline The rest of paper is organized as follows. In Section 2 we present our base-
line model, and in Section 3 we characterize a class of Markov equilibria and derive our
main results. In Section 4 we study an extension of the model in which the government
learns about the true state of the world from prices, and in Section 5 we show that the
government may choose to bail out few borrowers to avoid contagion when default deci-
sions are dynamic. Section 6 examines three events through the lens of our results. Finally,
Section 7 discusses the interaction of our mechanism with ex-ante policies and Section 8
concludes the paper.

2 Model

Environment

For much of the main text, we illustrate our results by means of a simple example. We
show how these results generalize in Appendix B.5 and B.6. Time is discrete and is in-
dexed by τ = 0, 1, .... The economy is populated by a government (bailout authority) and a
continuum of borrowers, lenders, and taxpayers. In each period there is a stage game with
two sub-periods, t = 1, 2.

Borrowers are ex-ante symmetric, risk-neutral, and care only about consumption in
sub-period 2. In sub-period 1, borrowers have no capital and must borrow to finance an
investment opportunity. If a borrower invests an amount k in sub-period 1, it obtains a
return θkα in sub-period 2, where α ∈ (0, 1) and θ is an idiosyncratic productivity shock.
The distribution of θ depends on the aggregate state of the world realized in sub-period 2,
s. The aggregate state s is realized according to a distribution P. For illustrative purposes,
we assume that the state can take three values: s ∈ {sL, sM, sH} with probabilities pL, pM,
and pH, respectively. We assume that θ can take on two values, θH > 0 and θL = 0,
and let h (θ|s) denote the probability of drawing θ in state s. In state sH, referred to as
normal times, all the borrowers have high productivity, so h (θH|sH) = 1 and h (θL|sH) = 0.
In state sM, referred to as mild crisis, h (θH|sM) = 1 − µ and h (θL|sM) = µ . Finally, in
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state sL, referred to as severe crisis, all borrowers have low productivity, h (θL|sL) = 1 and
h (θH|sL) = 0.

After the realization of θ, each borrower can default on its debt. If the borrower de-
faults, it loses the claim on investment and its payoff is zero. Default also imposes a
social cost, which is internalized by the government. The government can impose a tax
on taxpayers and make transfers to the borrower in sub-period 2 to avoid default and the
associated social cost. Social default costs are given by an increasing function, C (∆B),
where ∆ is the fraction of borrowers that default, and B is the average level of debt is-
sued by borrowers in sub-period 1. For the purposes of our example, we assume that
C (x) = ψx, with ψ < 1, but allow for a more general specification in Appendix B.5.2

Lenders have a large endowment of the final consumption and investment good in
the first sub-period. They are risk neutral and have preferences over consumption in
sub-periods 1 and 2, x1 and x2 (s), given by

x1 + q
∑
s

psx2 (s) ,

where q is the discount factor across sub-periods. Taxpayers have linear utility and an
endowment E in sub-period 2, and can be taxed by the government.

The government can be one of two types: commitment or optimizing. We assume that
the true type of the government evolves according to the transition matrix:

P =

[
pc 1 − pc

pnc 1 − pnc

]
,

where 1− pc is the probability of transiting from the commitment to the optimizing type,
and pnc is the probability of transiting from the optimizing to the commitment type. We
assume pc > pnc > 0 so that types are persistent.3 The type of the government is not
observable by private agents (i.e., borrowers and lenders). At the beginning of period 0,
private agents share a common prior π0 that the government is the commitment type. We
will refer to private agents’ beliefs that the government is the commitment type as the
government’s reputation.

The commitment type never bails out the borrowers, while in each period the optimiz-
ing type decides whether to bail out or not and the size of the bailout. To finance a bailout,
it raises lump-sum taxes from taxpayers. The government maximizes a weighted sum of

2One interpretation of this cost is that the absence of a bailout leads to a reduction in the net worth of the
banking sector. This reduction in net worth might have a real cost associated with it, for example reduced
investment or fire sales, which is represented by the function C (·).

3Besides this restriction pc and pnc can take on any values, including the symmetric case in which
pc = 1 − pnc.
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the utilities of lenders, the taxpayers, and the borrowers net of the social default costs.
We let λ be the Pareto weight on the borrowers’ utility and 1 − λ be the Pareto weight on
lenders and taxpayers. We assume that λ 6 1/2 so that in the absence of social default
costs, using bailouts just as a means to transfer resources from taxpayers to borrowers is
never optimal.4 The government discounts utility across periods at rate β.

Discussion of assumptions To help us understand some of the events of the US finan-
cial crisis in Section 6, we will interpret the borrowers in this model as banks/financial
firms and the lenders as depositors. We follow the common practice in the literature and
model a combined financial and non-financial sector in which banks raise funds from the
depositors and directly operate the production technology. This is equivalent to a model
in which banks raise funds from depositors and make loans to non-financial firms. In
crisis times, when the productivity of the non-financial sector is low, they are not able
to repay banks and this in turn causes the banks to default. Our theory is particularly
applicable to the financial sector because it is the default of banks that arguably result in
sizable social default costs, due to spillovers to other banks as well as other parts of the
economy.5 Of course, there are clearly some large non-financial firms that are also likely
to generate these default costs and so our model is applicable to these firms as well.

Our results extend to an environment in which borrowing is driven by consumption
smoothing motives, as in much of the sovereign default literature. See Appendix B.3 for
further discussion. One can use this alternative setup to think about the impact of the
Greek bailout on other southern European countries during the recent crisis in Europe.

Finally, while we assume that the commitment type never bails out, it is not true in
general that the optimal policy with commitment is to never bail out in sub-period 2.6 For
example, if the social default costs are very high, then it might be optimal to bail out, even
with commitment. However, if ψ is sufficiently small and α is sufficiently large, then we
can show that the optimal policy with commitment is to never bail out (see footnote 10).
We will restrict attention to economies where these conditions are met so that bailouts
are never optimal ex-ante but are optimal ex-post. Under this assumption, it is natural to
assume that the commitment type never bails out. Alternatively, instead of considering
behavioral types, we could consider payoff types where governments experience differ-
ent levels of the social default cost. In this case the commitment type will correspond to

4All our results are valid if we assume that the government cares only about the welfare of lenders and
taxpayers, but not of the borrowers. In the context of banking, we can think of the government caring about
retail bondholders. In the context of the EU, we can think of the government as representing Germany, who
cared about the health of German banks holding Greek bonds. The assumption that lenders and taxpayers
are weighted equally is just for convenience and does not affect our results.

5See for instance Gertler and Kiyotaki (2010).
6See for instance Sandri (2015).
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the case in which ψ is small. Therefore, even though this type can bail out ex-post, it will
optimally choose not to. (See Appendix B.4.)

In Appendices B.5 and B.6 we also show that our results extend to a more general
process for θ and allow for persistence in both the aggregate and the idiosyncratic shock
and private renegotiation of debt contracts.

Markov Equilibria

We now describe in detail the interaction between private agents and the government.
The timing of events in each period is as follows. In sub-period 1, borrowers choose the
amount of debt to issue given the debt price schedule. In sub-period 2, the state of nature
s and the idiosyncratic shocks θ are realized. After observing s, given the distribution of
inherited debt, the optimizing type government chooses whether to bail out the borrow-
ers and if so, the level of transfers. The commitment type never bails out. The borrower
then decides whether to default or not.

We will focus on symmetric Markov equilibria where all histories are summarized by
the posterior probability of facing the commitment type, π, and all individual borrowers
choose the same level of debt in sub-period 1.

We describe the actions and payoffs of the agents. We start with the borrower’s prob-
lem in sub-period 1. The borrower’s problem is to choose debt, b, and investment, k,
to maximize expected consumption in sub-period 2 given the pricing schedule Q and
the bailout transfer function of the optimizing type, T (b,k, θ|π, Γ , s) where (b,k, θ) and
(π, Γ , s) are the borrower’s and the aggregate states in the second sub-period and Γ is the
joint distribution of individual debt holdings and capital stock across borrowers. Since
we are focusing on symmetric equilibria where all borrowers make the same choices, in
equilibrium, the distribution has point mass over the aggregate levels (B (π) ,K (π)). The
borrower’s maximization problem is

max
b,k

∑
s

ps
∑
θ

h (θ | s) [πmax {θkα − b, 0} (1)

+(1 − π)max {θkα + T (b,k, θ|π, Γ , s) − b, 0}]

subject to the budget constraint in sub-period 1,

k 6 Q (b,k|π, Γ)b.

To understand the objective function, note that the borrower has positive consumption if
the returns on the investment project plus the bailout transfer T – which is expected with
probability 1 − π – are higher than the debt contracted in the first sub-period, b. In all the
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other cases the borrower has a payoff of zero because of limited liability. In the budget
constraint,Q (b,k|π, Γ) refers to the price of debt for the borrower given choices (b,k), the
prior π, and the aggregate distribution Γ .

The pricing schedule Qmust satisfy the zero-profit condition for the lenders:

Q (b,k|π, Γ) = q [pH + pM (1 − µ)+ (2)

+ pMµ (1 − π) I{T(θL,b,k|π,Γ ,sM)>b} + pL (1 − π) I{T(θL,b,k|π,Γ ,sL)>b}

]
if b 6 θHk

α. That is, the price of debt equals the discounted value of payments that
lenders receive if the borrower receives a high productivity shock and can repay the debt
(the first line on the right side of (2)) plus the payments the lenders receive if the borrower
has a low productivity shock and receives a bailout transfer that enables repayment (the
second line on the right side of (2)).

We now consider the problem of the optimizing government in sub-period 2. The
state that this government confronts is given by the prior π, the exogenous state s, and
the distribution of individual debt holdings and capital stock, Γ (b,k). The optimizing
government chooses the transfers T (b,k, θ) to each borrower. These transfers can affect
the borrower’s utility and thus the fraction of borrowers who default and the default cost.
Given the state (π, Γ , s) and an arbitrary transfer scheme T (·), the fraction of borrowers
that default is given by the measure of borrowers with not enough resources to repay
their debt:

∆ (π, Γ , s, T (·)) =
∑
θ

h (θ | s)

ˆ
I{θkα−b+T(b,k,θ)60}dΓ (b,k) . (3)

The optimizing government’s static payoff in sub-period 2 can then be written as

λ

[ˆ ∑
θ

h (θ|s)max {θkα + T (b,k, θ) − b, 0}dΓ

]
(4)

+ (1 − λ)

[
(1 −∆ (π, Γ , s, T))B−

ˆ ∑
θ

h (θ | s) T (b,k, θ)dΓ (b,k)

]
−ψ∆ (π, Γ , s, T)B

where the first term in square brackets is the average borrower’s utility (recall that λ is the
Pareto weight on the borrower), the second term in square brackets is the lenders’ pay-
off in the second subperiod, (1 −∆ (π, Γ , s, T))B, net of the costs of raising resources for
the bailout transfers from the tax-payers, and the third term denotes the costs of default
ψ∆ (π, Γ , s, T)B. The optimizing government chooses the transfers T (b,k, θ) to maximize
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the sum of the static payoff plus the discounted continuation value,W (π ′):

W2 (π, Γ , s) = max
T(b,k,θ)

λ

[ˆ ∑
θ

h (θ|s)max {θkα + T (b,k, θ) − b; 0}dΓ

]
(5)

+ (1 − λ)

[
(1 −∆)B−

ˆ ∑
θ

h (θ | s) T (b,k, θ)dΓ (b,k)

]
−ψ∆B

+βW
(
π ′
)

where ∆ is given by (3) and the new posterior π ′ = π ′ (π, Γ , s) is defined using Bayes’ rule

π ′ =


πpc

π+(1−π)Pr(T(π,Γ ,s)=0) +
(1−π)Pr(T(π,Γ ,s)=0)pnc
π+(1−π)Pr(T(π,Γ ,s)=0) if T (b, θ) = 0∀ (b, θ).

pnc if T 6= 0
(6)

That is, if the optimizing type chooses to not disburse any bailout transfers – like the
commitment type – then the new posterior is determined by Bayes’ rule which implies
the term in the first line. If instead it chooses T 6= 0 and deviates from the commitment
type’s policy, then private agents learn that they are facing the optimizing type for sure
and the posterior is pnc, the probability that the government’s type switches from the
optimizing type to the commitment type.

The optimizing government’s value in sub-period 1 with prior π is given by

W (π) = (1 − λ) [e−Q (B (π) ,K (π) |π, Γ (π))B (π)] + q
∑
s

psW2 (π, Γ (π) , s) , (7)

where (1 − λ) [e−Q (B (π) ,K (π) |π, Γ (π))B (π)] is the lenders’ consumption in the first
sub-period and Γ (π) has mass one at (B (π) ,K (π)).

Definition. A Symmetric Markov Equilibrium is an individual debt and investment strategy
b(π) and k (π), aggregate debt B (π) and investment K (π), a pricing scheduleQ (b,k|π, Γ),
a transfer strategy for the (optimizing) government T (b,k, θ|π, Γ , s), and a law of motion
for beliefs, π ′, such that (i) the debt and investment strategy solves (1); (ii) b (π) = B (π)

and k (π) = K (π); (iii) the pricing schedule satisfies (2); and (iv) the transfer rule solves
(5), where the continuation value W is defined by (7) and the law of motion for beliefs is
(6).

3 Bailouts and Spreads Dynamics

In this section, we characterize a class of Markov equilibria and show that the equilibrium
outcomes are consistent with the experiences of recent financial and debt crises. In this
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class of equilibria, investment, debt issuances, the price of debt, and bailout probability
are decreasing in the government’s reputation. Moreover, the optimizing type govern-
ment does not bail out in normal times, mixes during a mild crisis, and bails out for sure
in a severe crisis. Thus, if private agents observe no bailout in a mild crisis, their beliefs
of facing the commitment type increases. Consequently, interest rates go up while debt
issuances and investment decrease. If the state of the economy worsens and the economy
transits to a severe crisis, then the optimizing type bails out for sure and its reputation
collapses; therefore, interest rates decline despite the worse economic fundamentals. The
equilibrium outcome can then rationalize the hump-shape of interest rate spreads and
why bailouts are often delayed in a crisis. Moreover, we show in an extension that spreads
and debt issuances are less responsive to the state when reputation is low; therefore, the
cross-sectional volatility of spreads is low when the government has low reputation.

Bailout Decision We begin by characterizing the decision of the government in sub-
period 2. One issue that arises is that in a symmetric equilibrium where the distribution
of debt holdings is degenerate, the transfer to a borrower that chooses (b,k) 6= (B,K) and
deviates from the equilibrium path is not pinned down. This is because each borrower
is measure zero; therefore, allowing a single (measure zero) borrower to default does
not affect the utility of the government. In principle, it is possible to construct equilibria
where transfers off the equilibrium path impose some discipline even absent reputational
gains. See Chari et al. (2016), Farhi and Tirole (2012), and Davila and Walther (2017) for
related discussions.

Here we select the transfer scheme by considering the limit of the finite borrower
case as the number of borrowers converges to infinity. The details of this construction
are provided in the Appendix B.1. In this case, either the optimizing type government
mimics the strategy of the commitment type or it chooses the statically optimal transfer
scheme that transfers the minimal amount required to avoid default by all borrowers
who would have done so absent the transfer. That is, for all (π, Γ , s), the bailout transfers
T (b,k, θ|π, Γ , s) are either zero for all (b,k, θ) or T∗ (b,k, θ) = max {b− θkα, 0}. In the
context of our example,

T∗ (b,k, θL) = b and T∗ (b,k, θH) = 0

for all s. Therefore,
T ∈ {0, T∗} , (8)

where 0 is the function identically equal to zero. From a static perspective, it is always
optimal for the government to intervene and avoid default. This is because if the gov-
ernment transfers T∗, it can avoid the social cost of default while the sum of utilities of
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taxpayers and lenders is unchanged.
Notice further that this transfer scheme implies that in case of a bailout, the borrower

receives its outside option of defaulting and nothing more. This is because the assumption
that the borrower’s Pareto weight is lower than that of taxpayers’, λ 6 1/2, implies that
any additional transfers make the government strictly worse off. As a result, given such
a transfer policy, the borrower’s continuation value is independent of the implemented
transfers and is given by U2 (b,k, θ) = max {θkα − b, 0}. Hence, the bailout authority’s
decisions only affect the borrower through their effect on the interest rates the borrower
faces.

Lemma 1. Given the transfer scheme in (8), the borrower’s continuation value is independent of
whether the government chooses the statically optimal transfers, T∗, or it mimics the commitment
type and chooses 0.

Given our selection of off-equilibrium transfers, we can summarize the bailout au-
thority’s strategy by the probability that it will implement the statically optimal transfer
scheme, σ (π,B,K, s). We will call σ the bailout policy. Bailouts generate static benefits and
impose dynamic costs on the optimizing type government. Using T∗ in the expression for
the government’s static payoff (4), the static value of bailing out is

ωbailout (B,K, s) = λh (θH | s) (θHK
α −B) + (1 − λ)h (θH | s)B

where h (θH | s) denotes the fraction of debt that is paid back absent a bailout.7 The static
value of not bailing out (and allowing default) is

ωno-bailout (B,K, s) = λh (θH | s) (θHK
α −B) + (1 − λ)h (θH | s)B−ψh (θL|s)B.

Thus, the static incentives to bail out, defined as

∆ω (B,K, s) ≡ ωbailout (B,K, s) −ωdefault (B,K, s) = ψh (θL|s)B, (9)

are increasing in the debt level B and the fraction of borrowers with θL, h (θL|s).
As a consequence of bailing out, there is a loss in reputation of the government, as

described in (6). We will later show that the equilibrium value for the government,W (·) ,
is increasing in the government’s reputation, π; hence, the loss of reputation is costly for
the government.

We now characterize the bailout policy. The state variables in sub-period 2 are (B, s,π).
Let ζ = 1 denote the event that a bailout occurs and ζ = 0 denote the event of no bailout.

7Recall that since the government cares about taxpayers who have linear utility, implementing a bailout
lowers welfare by ∆ (B, s)B, which nets out the additional transfer to the lenders.
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Given strategy σ, the law of motion for beliefs satisfies

π ′ =

pnc + π
π+(1−π)(1−σ) (pc − pnc) if ζ = 0

pnc if ζ = 1
. (10)

If the government chooses to bail out, its value is

Ωbailout (π,B,K, s) = ωbailout (B,K, s) +βW (pnc) , (11)

and if it chooses not to bail out, its value is

Ωno-bailout (π,B,K, s) = ωno-bailout (B,K, s) +βW
(
pnc +

π (pc − pnc)

π+ (1 − π) (1 − σ)

)
. (12)

Thus, the value in equilibrium is

Ω (π,B,K, s) = max
{
Ωbailout (π,B,K, s) ,Ωno-bailout (π,B,K, s)

}
, (13)

where the continuation valueW (π) is defined by

W (π) = (1 − λ) (e−Q (π)B (π)) + q
∑
s

psΩ (π,B (π) ,K (π) , s) , (14)

where B (π) and K (π) are the allocation rules for aggregate debt and capital along the
equilibrium path given prior π, respectively, and Q (π) = Q (B (π) ,K (π) |π,B (π) ,K (π))

is the price of debt in the (symmetric) equilibrium outcome. The optimal strategy for the
optimizing type is then

σ (π, s) =


0, if ψh (θL|s)B (π) 6 β [W (pnc + π∆p) −W (pnc)]

σ̃, if ψh (θL|s)B (π) = β
[
W
(
pnc +

π∆p
π+(1−π)(1−σ̃)

)
−W (pnc)

]
1, if ψh (θL|s)B (π) > β [W (pnc +∆p) −W (pnc)]

, (15)

where ∆p ≡ pc − pnc. Recall that ψh (θL|s)B (π) is the static benefit of bailing out. The
dynamic costs of bailing out depend on private agents beliefs that the optimizing type will
bail out. Consequently, the optimizing type will choose not to bailout for sure (σ = 0) if
the static benefits are smaller than the dynamic benefits when private agents hold beliefs
consistent with this strategy (case 1 in (15)). Similarly, the optimizing type will choose to
bailout for sure (σ = 1) if the static benefits are larger than the dynamic benefits when
private agents hold beliefs consistent with this strategy (case 3 in (15)). In the case in
which neither σ = 1 nor σ = 0 are optimal, the best response of the optimizing type is
to mix between bailing out and not with an interior probability σ̃ (case 3 in (15). The
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dynamic benefits of such a strategy are exactly equal to the static benefits when private
agents hold beliefs consistent with it.

Debt Issuances and Prices We now characterize the decisions for private agents given
a bailout policy σ. Given this policy, the no-arbitrage condition for the lenders (2) can be
written as

Q (π) = q {pH + pM (1 − µ) + pMµ (1 − π)σ (π, sM) + pL (1 − π)σ (π, sL)} . (16)

Note that Q (·) does not depend on the individual debt level and investment, b and k, as
long as b 6 θHk

α.8 (In Section B.5, we study a more general model in which Q depends
on b and k.) We further characterize the private equilibrium by defining a new variable,
γ̄, equal to the probability that an individual borrower will be bailed out conditional on
drawing θL:

γ̄ (π) ≡ pL
(1 − π)σ (π, sL) + pMµ (1 − π)σ (π, sM)

PL
, (17)

where PL ≡ pL + pMµ is the probability that a project fails, i.e., θ = θL. The debt prices
can then be written as:

Q (π) = qPH + qPLγ̄ (π)

where PH ≡ pH+ pM (1 − µ) is the probability that θ = θH. That is, the price of debt is the
discounted value of two components: the probability of repayment absent government
intervention, PH, and the probability of receiving a bailout when there would be a default
absent government intervention, PLγ̄ (π).

Using the fact thatQ is independent of b and the result in Lemma 1 that the borrower’s
continuation value is independent of the bailout policy,U2 (b,k, θ) = max {θkα − b, 0}, the
problem for the borrower in period 1 (1) can be written as

max
k
PH

(
θHk

α −
k

Q (π)

)
. (18)

Using the first order condition and assuming representativeness we have

K (π) = (αθHQ (π))
1

1−α (19)

and
B (π) = (αθH)

1
1−α Q (π)

α
1−α . (20)

8It is easy to show that in equilibrium b 6 θHkα.
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since b = k/Q (π). Clearly, individual debt issuances and investment are increasing in
Q (π) , and since a decrease in π increases Q, we have the following result:

Lemma 2. If the function σ (π, s) is decreasing in π, then the price of debt is decreasing in π, i.e.,
if πH > πL, then Q (πH) > Q (πL). Furthermore, B (πL) > B (πH) and K (πL) > K (πH).

Continuous Monotone Equilibria

To show that the set of symmetric Markov equilibria is non-empty, we prove the exis-
tence of a class of continuous monotone equilibria that have some desirable properties.
The equilibrium objects in this class are continuous and monotone in the government’s
reputation, π.

Let ∆ (π, s) = ∆ (π,B (π) ,K (π) , s) and σ (π, s) = σ (π,B (π) ,K (π) , s). We will show
that there exist W (π), σ (π, s), B (π), K (π), and Q (π) that jointly satisfy (14), (15), (16),
(19), and (20). The next proposition shows that the set of continuous monotone equilibria is
non-empty.

Proposition 1. If pnc is sufficiently small, there exists a continuous monotone equilibrium in
which debt issuances, investment, and debt prices are decreasing in the level of reputation, the
probability of bailout along the equilibrium path, σ (π, s), is decreasing in the level of reputation
with σ (π, sL) > σ (π, sM) > σ (π, sH), and the value for the government,W (π), is increasing in
the level of reputation.

The proof of this proposition is provided in the Appendix. To establish the result,
we show that the equilibrium value in (14), the bailout policy along the equilibrium path,
the equilibrium debt policy rule B (π), and the equilibrium pricing schedule Q (π) are a
fixed point of an operator and then show that the operator admits a fixed point using
Tarski’s fixed point theorem.9 Our existence proof also provides a characterization of
the equilibrium in this class: all equilibrium objects are monotone in the government’s
reputation and in the aggregate state.

We now discuss the properties of the equilibria in Proposition 1. First, it is immediate
from (16) that if σ (π, s) is decreasing in the government’s reputation, π, then the price
of debt, Q, and the amount of debt issued are decreasing in π (see Lemma 2). This is
because the probability of a bailout is decreasing in the government’s reputation, π. As
a result, for low values of π, lenders expect bailouts with high probability, so they are
willing to lend at low interest rates. From (19) and (20) it follows that low interest rates

9Note, when we refer to the bailout policy along the equilibrium path, we mean that our procedure
solves for σ (π, s) = σ (π,B (π) ,K (π) , s) evaluated only at the aggregate amount of debt chosen in equilib-
rium, and not for arbitrary debt and capital holdings.
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(highQ) incentivize borrowers to increase their indebtedness and investment. Thus, debt
and capital are decreasing in the government’s reputation.

We next discuss why the probability of a bailout, σ (π, s), is decreasing in the govern-
ment’s reputation. First, note that from Lemma 2 a higher reputation reduces the price
of debt and in turn reduces the level of debt outstanding. The reduction in outstanding
debt reduces the static incentives to bail out borrowers with low return on investment,
ψh (θL|s)B (π). Thus, the static incentives to bail out are low if the government’s reputa-
tion, π, is sufficiently high. Moreover, since the continuation value for the government,
W (π), is increasing in the level of reputation, the dynamic gains from not bailing out,

β

[
W

(
pnc +

π

π+ (1 − π) (1 − σ (π, s))
(pc − pnc)

)
−W (pnc)

]
,

are increasing in π for a fixed σ. Thus, higher levels of reputation decrease the static losses
of not bailing out and increase the dynamic benefits; therefore, the bailout probability,
σ (π, s), is decreasing in π.

Note that the forces just described can give rise to multiple equilibria and reputation
traps. This is because there is complementarity between debt issuance and bailout prob-
ability. If private agents (lenders and borrowers) expect bailouts with high probability,
then the debt price will be high and borrowers will find it optimal to borrow more. As
described above, higher borrowing in turn induces the government to bail out with high
probability, validating private agents’ expectations. At the same time, if private agents
expect bailouts with low probability, then less debt will be accumulated, reducing the
costs of not bailing out and inducing the government not to bail out.

For any level of reputation, the bailout probability is higher in a severe crisis than in
a mild crisis and is zero in normal times: σ (π, sL) > σ (π, sM) > σ (π, sH) = 0. That
is, the probability of receiving a bailout is increasing in the share of borrowers with a
low productivity shock, h (θL|s). This is because the dynamic benefits of not bailing out
are not affected by the current state directly, while the static losses of not bailing out are
increasing in the fraction of borrowers with θ = θL. Clearly, if the economy is in normal
times, s = sH, there are no static benefits from bailing out, because all borrowers have
θ = θH, so σ (π, sL) = 0 for all levels of reputation.

Next, we provide sufficient conditions such that the monotone continuous equilibrium
has mixing in a mild recession and a bailout with probability 1 in a severe recession. This
turns out to be useful to connect the equilibrium outcome with our motivating evidence.
To do so we first need to define some objects. First, we define the value for a fictitious
commitment type who follows a fixed bailout policy summarized by sufficient statistic γ̄
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(defined in 17) when private agents have beliefs π = 1:10

WR (γ̄) ≡
(1 − λ) e− (1 − 2λ) [k (γ̄) − qPHb (γ̄)] + λ [qPHθHk (γ̄)α − k (γ̄)] −ψ (1 − γ̄)qPLb (γ̄)

1 −β
,

where b (γ̄) = (αθH)
1/(1−α) [q (PH + PLγ̄)]

α/(1−α) and k (γ̄) = (αθHq (PH + PLγ̄))
1/(1−α)

are the levels of debt and capital that will be issued if borrowers expect to be bailed out
with probability γ̄ conditional on drawing a bad shock. The first term is the lenders’ en-
dowment weighted by the lenders’ Pareto weight (1 − λ), the second term is the transfer
from tax payers to the borrowers, [k (γ̄) − qPHb (γ̄)], weighted by −(1 − 2λ) which is the
Pareto weight of the borrowers (that receive the transfer) minus the Pareto weight of the
taxpayers (that pay the transfers), the third term captures the net social value of investing
k (γ̄), and the last term is the social default cost; see Appendix B.2 for a derivation of the
expression.

Assumption 1. Let C (x) = ψx and assume that

ψb (0) > β
[
WR (0) −WR (1)

]
(21)

and

min
{

k (1) − qPHb (1)
1 −βPH

,
{[qPHk (0)α − k (0)] − [qPHk (1)α − k (1)]}

1 −βPH

}
>
ψµb (1)
β

. (22)

Condition (21) guarantees that the static costs of default in a severe crisis – state sL –
are large enough relative to the dynamic benefits so that it is always optimal to bail out
the lenders. SinceWR (0) > W (pc) andWR (1) < W (pnc), the differenceWR (0) −WR (1)
is an upper bound on the dynamic gains from not bailing out. This, along with the fact
that B (π) > b (0), implies that condition (21) ensures that the static gains from bailing
out dominate the dynamic costs in state sL when all borrowers would default absent a
bailout.

The second part of the assumption, condition (22), provides an upper bound on the
static costs of default in a mild crisis so that it is not a best response for the optimizing
type to bail out with probability 1 in sM for all levels of reputation. Moreover, if pnc is suf-
ficiently small, for π close to pnc, a no bailout strategy is not optimal because the dynamic
reputation gains, [W (pnc + π∆p) −W (pnc)], are close to zero while the static benefits of
bailing out are strictly positive. These two observations imply that the equilibrium bailout
strategy calls for randomization in a mild crisis for some level of reputation.

10In regard to an earlier discussion on the optimal policy with commitment, we can show that there exists

values of α and ψ such that ∂W
R(γ̄)
∂γ̄ < 0. Therefore, the optimal policy is to set γ̄ = 0 and never bail out.
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Figure 1: Equilibrium objects for computed example
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Proposition 2. Under Assumption 1, if pc → 1 and pnc → 0, then in any monotone continuous
equilibrium it must be that

• it is optimal to bail out with probability 1 in a severe crisis, σ (π, sL) = 1 for all π;

• it is optimal to mix in a mild crisis, i.e., there exists a set [π1,π2] such that σ (π, sM) ∈ (0, 1)
for all π in [π1,π2].

In Figure 1, we use a numerical example to illustrate some of the key properties from
the above characterization results. The first panel plots the bailout probability as a func-
tion of the government’s reputation. Since no borrower defaults in sH, there are no static
benefits of bailing out, so σ (π, sH) = 0. In state sL, the static benefits are much larger than
the dynamic benefits for all π, so σ (π, sL) = 1. The plot also shows that there is an interval
in which randomizing between bailing out and not is optimal.

The second panel describes how the beliefs about the government type evolve given
the equilibrium strategy and conditional on observing no bailout. In state sH, since pri-
vate agents believe that the optimizing type will not bail out, the posterior changes be-
cause of the exogenous transition from one type to another. In state sM, since there is
a positive probability of bailout, in the event that there is no bailout, the posterior that
the government is the commitment type will rise. Therefore, the state sM offers the gov-
ernment an opportunity to build its reputation. In state sL, the dynamic gains from not
bailing out are the largest, since private agents believe that the optimizing type will bail
out with probability 1 and therefore the posterior jumps to pc in case no bailout is ob-
served. However, as discussed above, the social costs of default are much larger than
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Figure 2: Outcome path
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these benefits and thus it is not optimal for the optimizing type to abstain from bailing
out the borrowers to build up its reputation.

The existence of a region of the state space where the optimizing government mixes
between bailing out and not provides one explanation for the heterogeneity in bailout
provisions in apparently similar situations. There are however other channels that can
account for this. For example, banks could be heterogeneous in their “political connect-
edness” which might lead to different bailout incentives across borrowers. In fact, Blau
et al. (2013) provide evidence that banks with different political connections benefited to
different degrees from the TARP rescue program. Our model can incorporate this feature
by allowing for heterogeneous (bank specific) default costs.

Equilibrium Outcomes

We now describe a typical equilibrium outcome that generates the dynamics described in
the introduction. This outcome is illustrated in Figure 2. Suppose that the optimizing type
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is in charge and the economy has been in normal times for a sufficiently large number of
periods so that the prior has converged to πss = pnc + πss (pc − pnc). Suppose now that
the economy suffers a mild crisis in period t, st = sM. Assuming that πss ∈ [π1,π2] , where
the bounds of the interval are defined in Proposition 2, then the optimizing type mixes
between bailing out and not. If it turns out that the outcome of the randomization calls
for not bailing out, then the private agents’ beliefs of facing the commitment type jump
above πss and consequently the aggregate debt level falls and spreads rise the following
period. If the economy is then hit by a severe recession in period t+ 1, st+1 = sL, there
is a bailout with probability 1; therefore, private beliefs fall to pnc, the aggregate debt
levels rise, and spreads fall in subsequent periods due to the high probability of receiving
a bailout in the future. The model can then rationalize the hump-shaped dynamics of
spreads often observed during crises where spreads are very high at the beginning of a
crisis if there is no bailout right away and then fall after a bailout.

The dynamics in Figure 2 are driven by changes in fundamentals. This is because, in
a mild crisis in period t, if πt ∈ [π1,π2] and the government does not bailout then the
posterior increases to πt+1 > π2 as illustrated in the second panel of Figure 1. Therefore,
if fundamentals remain constant, it is never optimal to bail out in period t + 1. Thus,
to observe a bailout and the associated fall in spreads a deterioration in fundamentals is
necessary. In Section 4, we extend our model to one in which the government learns about
the state from noisy prices. This model can generate identical dynamics to the baseline
without the true state actually changing.

Reputation and Sensitivity of Spreads to Fundamentals

So far, we have assumed that borrowers are ex-ante identical, so there is no heterogene-
ity in their borrowing and investment decisions and in the interest rates at which they
borrow. We now consider the case with two types of borrowers that differ in their prob-
ability of drawing the low productivity shock in sub-period 2. We show that this exten-
sion of our baseline model can generate the differential sensitivity effects documented by
Acharya et al. (2016) and Cole et al. (2016). The authors document that the sensitivity of
bond yields to fundamentals such as GDP growth increased significantly during the US
financial crisis and the European debt crisis.

We consider the most parsimonious model to make our point.11 Assume that in each
period there are two types of borrowers indexed by i ∈ {1, 2}. Type 1 borrowers (mea-
sure µ) draw the idiosyncratic productivity θL for sure in aggregate state sL and sM so
h1 (θL|sL) = h1 (θL|sM) = 1 and h1 (θL|sH) = 0. Type 2 borrowers (measure 1 − µ) draw

11In Appendix B.6 we show that the conclusion of this section can also be obtained by extending our
baseline model to allow for persistence in the borrower’s shock.
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θL only if s = sL. That is, h2 (θL|sL) = 1 and h2 (θL|sH) = h2 (θL|sM) = 0. The problem of a
type i borrower is then

max
k
PHi

(
θHk

α −
k

Qi (π)

)
,

where PHi is the probability that type i draws θH in sub-period 2 and

Q1 (π) = q {pH + pM (1 − π)σ (π, sM) + pL (1 − π)σ (π, sL)} (23)

Q2 (π) = q {pH + pM + pL (1 − π)σ (π, sL)} . (24)

The next result is immediate:

Proposition 3. (Sensitivity to fundamentals increasing in reputation) The difference in the price
of debt for the low default type, 2, and the high default type, 1, is increasing in the reputation of the
government; that is, Q2 (π) −Q1 (π) is increasing in π. Similarly, K2 (π) −K1 (π) is increasing
in the government’s reputation.

Debt prices (and debt issuances) are less responsive to the borrower’s fundamentals
(its type) when the prior is low. If the probability of facing the optimizing type is low, then
the lenders are less worried about the type of the borrower since they expect to get bailed
out with high probability; therefore, debt prices are not very sensitive to fundamentals.

Proposition 3 has important implications for observed prices after a bailout. The
model predicts that once we observe a bailout, the government’s reputation falls and the
cross-sectional volatility in spreads goes down, as prices are less sensitive to fundamen-
tals. Conversely, after we observe a no-bailout event, the reputation of the government
goes up and so does the volatility of spreads.

4 Two-Sided Learning

We now extend the baseline model to allow for uncertainty about the aggregate state and
sequential bailout requests within a period. The main result of this section is that we
can obtain hump-shaped time series for interest rate spreads without having to rely on a
transition through a mild crisis (sM).

Suppose the aggregate state of the world is s ∈ {sL, sH} with probabilities pL and pH,
respectively. In state sH, a fraction µ of borrowers draw the low idiosyncratic shock
(h (θL|sH) = µ), while in state sL all borrowers draw the low shock (h (θL|sL) = 1). We
will refer to sH as normal times and sL as a systemic crisis. The state of the world s is
observed by private agents but is unobservable to the government who must learn from
private choices and prices. The timing in the first sub-period of the stage game is identical
to the baseline environment. The second sub-period is further divided into two stages.
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The timing in the first stage is as follows:

1. Borrowers enter sub-period 2 with debt b and capital k and prior belief π.

2. The state of the world, s ∈ {sL, sH}, is realized and learned by private agents.

3. Lenders draw the taste shock ε ∼ G and can trade a mutual fund of debt in a sec-
ondary market at price q2 = Q2 (π,B,K, s, ε|σ). The taste shock ε is a non-monetary
value that lenders attain from holding the portfolio.

4. A fraction µ of borrowers receive the low productivity shock independently of the
aggregate state and ask for a bailout.

5. The government bails outs with probability σ1 (π,B,K,q2).

Note that in the first stage, since the fraction of borrowers that draw θL is independent
from the aggregate state, the government does not learn anything about the state from
the fraction requesting a bailout. However, it does learn from secondary market prices
q2.

In the second stage, depending on the aggregate state, there is a second wave of bailout
requests. If s = sH, no other borrower requests a bailout and the prior is updated to π ′.
If s = sL, then a fraction 1 − µ of borrowers ask for a bailout and the government bails
out with probability σ2 (π,B,q2). This implies that the state is perfectly revealed to the
government in the second stage.

We now describe the key equilibrium objects. In the second stage, if the state is sL, the
government bails out if and only if

ψ (1 − µ)B > β

[
W

(
pnc +

π

π+ (1 − π) (1 − σ1) (1 − σ2)
∆p

)
−W (pnc)

]
.

In what follows we suppose that µ is small enough so that it is always optimal to bail out
in the second stage if s = sL.12 Then we have that σ2 = 1. Of course, if the economy is in
state sH, there is no borrower to bail out, and so σ2 = 0.

We now consider the bailout decision in the first stage. Here, regardless of the state, a
fraction µ of borrowers require a bailout in order to avoid default. The government does
not observe the state, but it can observe and learn from prices in the secondary market.
The price of a portfolio of debt in the secondary market at the beginning of sub-period 2
is

q2 = Q2 (π,B, s, ε|σ) =

(1 − µ) + µ (1 − π)σ1 (π,B,q2) + ε, if s = sH

(1 − π) [(1 − µ)σ2 (π,B,q2) + µσ1 (π,B,q2)] + ε, if s = sL
.

12Recall that Assumption 1 guaranteed this when µ = 0.
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Thus, the bailout authority’s beliefs that the true state is sH conditional on having ob-
served the secondary market price q2 is

p̂ (sH|π,B,q2) =
p (sH)gH (q2)

p (sL)gL (q2) + p (sH)gH (q2)
,

where

gL (q2) = g (q2 − (1 − π) [(1 − µ)σ2 (π,B,q2) + µσ1 (π,B,q2)]) ,

gH (q2) = g (q2 − [(1 − µ) + µ (1 − π)σ1 (π,B,q2)]) ,

and g (·) is the probability density function of ε.
This implies that in the first stage, the optimizing type bails out if and only if

ψµB > p̂ (sH|π,B,q2)β

[
W

(
pnc +

π

π+ (1 − π) (1 − σ1)
∆p

)
−W (pnc)

]
.

Since the state is unknown in the first stage, the dynamic benefits of not bailing out only
accrue with probability p̂ (sH|π,B,q2), since the optimizing type bails out with probability
1 in the second stage if s = sL. All things being equal, a lower value of q2 lowers the
posterior p̂ (sH|π,B,q2). As a result, in contrast to the baseline model, the dynamic gains
from not bailing out might change for non-fundamental reasons. In particular, all else
equal, a lower realization of ε increases the probability of a bailout in the first stage.

As a consequence, one can generate similar dynamics to the baseline model with only
two aggregate states. For example, in state sL, a low realization of εwill induce a very low
value of q2, which will lead to a low value of p̂, thus inducing a bailout with probability
1 in the first stage. For the same realization sL, a higher value of ε will result in a larger
value of p̂ (sH), which in turn can push the government into the randomization region.
Similar to state sM in the baseline model, in the case when a bailout is not observed,
the posterior value of the government being the commitment type rises, which in turn
decreases the price of debt on the secondary market at the end of the first stage,

Q3 (π,B, s, ε|σ) =

1 + ε s = sH

(1 − π) (1 − µ) + ε s = sL
.

Figure 3 plots the key equilibrium objects for a typical computed numerical example.
(In Appendix B.7 we carefully describe all the equilibrium conditions.) As we see in the
first panel, for a fixed ε, a higher value of π implies a lower probability of bailout in the
first stage. This intuition is similar to our baseline model, in which the state is observable.
Similarly, for a fixed π, we see that a lower realization of ε induces a higher probability
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Figure 3: Equilibrium objects for computed example with two-sided learning
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of a bailout in the first stage since the government’s posterior of the state being low rises.
The expected probability of a bailout in the first stage,

F (π) =

ˆ
σ1 (π, ε) [p (sH)g (ε) + p (sL)g (ε+ (1 − µ)π)]dε,

is decreasing in π, which in turn implies the price of debt in sub-period 1,Q, is increasing
in π. This generates identical spread dynamics to the baseline environment.

An interesting feature of this model is that information conveyed by secondary market
prices depends on the government’s reputation, π. For low values of π, since lenders
expect a bailout with a high probability, the price q2 will largely be driven by the taste
shock ε, thus conveying little information about the fundamental. In contrast, for high
values of π, the price q2 will be more sensitive to fundamentals. This implies that for low
values of π, a much larger value of q2 is needed in order for the government to increase
its posterior belief of sH.

5 Long Lived Borrowers

In the baseline model, we assumed that borrowers live for one period. This implies that
their default decision is static. Here we relax this assumption and allow borrowers to be
long lived. Consequently, borrowers’ default decisions will be dynamic. This allows us to
study two interesting applications of our framework. First, we study why a government
would bail out a small bank even though the static benefits of doing so might appear
small. Second, we study the value for the optimizing type of a pure announcement of
type relative to physical transfers in order to bail out distressed banks.
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5.1 Small Bailouts to Avoid Contagion

With static default decisions, it is worthwhile to bail out only if a sufficiently large share of
borrowers receives a bailout. This is because the static benefits of a bailout must be large
enough to compensate for the dynamic reputation losses. In reality, however, we often
observe cases in which governments bail out small banks. One recent example is the case
of the Italian government bailing out two mid-sized banks in the Veneto region in 2017.
Why would governments bail out small borrowers when the static losses associated with
them defaulting is small?

In this section, we show that when the borrowers’ default decisions are dynamic – in
that they consider future profits in deciding whether to default or not – then the measure
of borrowers that end up receiving the bailout is not a sufficient statistic for the static ben-
efits of a bailout. This is because bailouts (or lack thereof) change private beliefs about
the future behavior of the government and therefore affect the continuation value of not
defaulting for all borrowers. In certain circumstances, a bailout to a small number of
borrowers is needed in order to avoid contagion to other borrowers. Absent the small
bailout, a large number of borrowers might be incentivized to default due to a decrease
in future continuation values. By observing a bailout today, these borrowers anticipate
higher transfers in the future and therefore choose not to default in order to appropri-
ate these future transfers. Thus, the static benefits of a bailout can be large even if in
equilibrium the government ends up bailing out only a small fraction of borrowers.

To illustrate this point, we consider a simple environment. Suppose that there are
two periods, τ = 1, 2, and that borrowers also live for two periods. We assume that
θ ∈ {0, θH}. Borrowers can be one of two types, i ∈ {T ,P}, with Pr (i = P) = µ. Types
are perfectly observable. Borrowers of type T have purely transitory productivity shocks
and the probability of drawing θH is PH in both periods. Borrowers of type P face persis-
tent productivity shocks. In particular, we assume that θ = 0 is an absorbing state while
θ = θH is transitory. Thus, the probability of drawing θH in period 1 is PH and the prob-
ability of drawing θH in period 2 conditional on θH in period 1 is PH. We assume that
if a borrower defaults in period 1, it is replaced by a type T borrower at the beginning
of period 2, which keeps the mass of outstanding borrowers constant. Finally, we also
assume that government types are perfectly persistent, i.e., pc = 1 − pnc = 1. To simplify
the algebra consider the case in which the government does not value the borrowers’
consumption, λ = 0. Moreover, in period 1 there are only two aggregate states {sL, sH}
with hi (θL|sL) = 1 and hi (θL|sH) = 0 so either all borrowers (of all type) draw θH or all
borrowers draw θL.

Consider the second period. Since there are no dynamic gains, the optimizing type
government will bail out any borrower with θL in period 2 so that σ2 = 1. Therefore, the
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continuation payoff of having access to financial markets in period 2 when the prior is π
is given by

U2i (θ1,π) = max
k
PHi (θ1)

[
θHk

α −
k

Q2i (π, θ1)

]
, (25)

andQ2i = q [PHi + PLi (1 − π)] is the equilibrium price for the debt issued by type iwhere
we use that σ2 = 1. The continuation value for the transitory type borrowers, U2T (θ1,π),
is strictly decreasing in π, while the continuation value for the permanent type borrow-
ers is zero if θ1 = 0, U2P (0,π ′). The value for the optimizing type government at the
beginning of period 2 given a prior π is

W2 (π) = B (π) (qPH −Q (π))

where B (π) is given by (20) and Q (π) = q (PH + PL (1 − π)).
Consider the state of the world in which both types of borrowers receive the low en-

dowment in period 1. Absent a bailout, borrowers of type P will default for sure, while
borrowers of type T will repay if and only if

−B1T +βU2T

(
0,

π

π+ (1 − π) (1 − σ1)

)
> 0,

where π/ [π+ (1 − π) (1 − σ1)] is the posterior of facing the commitment type after observ-
ing no bailout. Note that here we are assuming that the borrower has access to external
resources to repay the debt even if θL = 0. We can then be in a situation in which

−B1T +βU2T

(
0,

π

π+ (1 − π) (1 − σ1)

)
< 0 (26)

and
−B1T +βU2T (0, 0) > 0. (27)

That is, if there is no bailout, the borrowers with a transitory bad shock also choose to
default. But if the government bails out the permanent type, the drop in reputation in-
creases the continuation value of the transitory type because the borrowers now expect
to be able to borrow at low rates in the future. Thus, it is optimal for them to repay their
debt even though they do not directly receive transfers in the current period.

Consider now the decision whether to bail out or not for the optimizing type in period
1 when conditions (26) and (27) hold. If the government does not bail out the permanent
types, the high reputation of the government will induce the transitory types to default
as well. This is true for any µ arbitrarily close to zero. Thus, the static costs of not bailing
out are ψB1 even though only a fraction µ will actually obtain a transfer. Therefore, the
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government bails out if

−ψB1P +βW2

(
π

π+ (1 − π) (1 − σ1)

)
6 βW2 (pnc) . (28)

If ψ is large enough, this is indeed the best response of the optimizing type.
Assumption 2 provides sufficient conditions on parameters so that inequalities (26),

(27), and (28) hold so that in equilibrium, the government bails out the permanent type
borrowers in period 1 even though their measure is arbitrarily small.

Assumption 2. Suppose that βqPL 6 ψP
1/(1−α)
H and α

β(1−α) ∈
[

1, 1
P
α/(1−α)
H

]
.

The next proposition follows directly from the above analysis.

Proposition 4. Suppose that Assumption 2 holds. Then, for any µ > 0 and π, there exists an
equilibrium in which in the state in which all borrowers receive the low endowment, the optimizing
type bails out type P banks with probability 1.

5.2 Bailouts vs. Announcements

Next, we study the merits of using a pure announcement versus an actual transfer to help
distressed banks. Consider the framework described in the previous subsection but as-
sume that all banks are of the transitory type.13 We drop the subscript T for convenience.
Suppose that

−B1 +βU2 (pnc) > 0

so that if the government’s reputation (pnc) is sufficiently low, expected future rents are
high enough to induce the borrower to repay the debt even if current productivity is
zero. Now if we assume that the optimizing type can credibly announce its type, the
above inequality says that even though banks receive the low endowment in period 1, the
continuation payoffs of participating in financial markets are large enough to induce them
not to default. As a result, conditional on wanting to bail out the banks, the best response
for the optimizing type is to set T = 0 and announce its type (or promise future bailouts).
The reason for this is that a positive transfer provides a subsidy for the banks and, since
the government only cares about the lenders and taxpayers, this makes it strictly worse
off.

Proposition 5. Suppose that

α 6
βPH

1 +βPH
. (29)

13The analysis would go through as long as types were not perfectly persistent.
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Then, the optimizing type either does not bail out or makes an announcement that it will bail out
in the next period and chooses T∗ = 0.

The sufficient condition in the above proposition ensures that just an announcement
is sufficient to incentivize the borrowers to repay absent a transfer in period 1.

6 Narrative Analysis

In this section, we show that our model can shed light on three recent events: the US finan-
cial crisis, two bailouts within the European banking union, and the European sovereign
debt crisis. In order to interpret these events through the lens of our model it is helpful to
recall the expression for bond prices,

Q (π) = qPH + qPLγ̄ (π) ,

where PH is the probability of repayment absent a bailout (a measure of the borrower’s
fundamentals), PL is the probability of default absent a bailout, and γ (π̄) is the proba-
bility that an individual borrower will be bailed out in the latter case. Consider first an
adverse event in which there is no bailout and lenders are not rescued. Our model pre-
dicts that γ (π̄) will decrease, which in turn implies that the spreads for borrowers not
directly affected by the adverse event will go up. Thus, we should observe average CDS
spreads rising after such events.14 Moreover, as implied by Proposition 3, the sensitivity
of interest rates with respect to fundamentals should also rise. Thus, we should observe
CDS spreads to be more responsive to an increase in the perceived probability of default.
While a direct measure of this sensitivity is hard to obtain, we proxy for this by looking
at the cross-sectional standard deviation of CDS spreads under the assumption that the
underlying distribution of fundamentals is not affected by news about (future) bailout
prospects.

Similarly, our model predicts that the opposite will happen after we observe a bailout
or an announcement of future bailouts: γ (π̄) will rise and thus the average level of inter-
est rate spreads will fall and the sensitivity to fundamentals will decrease.

The remainder of this section revisits events in these three crises through the lens of
our model and demonstrates that the behavior of interest rates spreads are qualitatively
consistent with our theory. Another interesting case for our theory is the Puerto Rican

14In the data, movements in counterparty risk in CDS can confound our analysis. Since CDS are traded
among financial institutions, a lower probability of bailout could result in higher counterparty risk, which in
turn would push CDS spreads down, because agents are less willing to pay for the insurance they provide
due to the higher risk not to be repaid. While this concern is valid in theory, studies have shown that
counterparty risk is negligible in practice, consistent with the high degree of collateral posted. See Arora
et al. (2012).
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debt crisis. Chirinko et al. (2019) argue that Puerto Rico has been able to borrow at rela-
tively low costs despite bad fundamentals because investors were anticipating a bailout
by the US Treasury. The paper shows that after the decision of the US congress to not bail
out the city of Detroit, the Puerto Rican spreads rose dramatically as our theory predicts.

US Financial Crisis We start our analysis by considering the behavior of the CDS spreads
of the largest US financial firms around the financial crisis that started in 2007.15 The first
two panels of Figure 4 plot the average and the cross sectional standard deviation of CDS
spreads for large financial institutions in the United States. These moments declined –
albeit modestly – after the bailout of Bear Stearns, sharply rose after the refusal to bail
out Lehman Brothers and its consequent bankruptcy, and sharply declined after the an-
nouncement of the Troubled Asset Relief Program (TARP).16

These observations are consistent with the narrative suggested by our model if the
prior around the Bear Stearns episode was sufficiently low (below π2 in Proposition 1) so
that a bailout was a possible outcome. After the bailout, the reputation of the government
fell and so did the spreads and the sensitivity to fundamentals of other financial institu-
tions.17 The increase in sensitivity to fundamentals here is proxied by the cross-sectional
standard deviation of CDS spreads under the assumption that the underlying distribu-
tion of fundamentals is not affected by news about (future) bailout prospects. Around
the Lehman Brothers bankruptcy, the prior was in the randomization region; thus, after a
no-bailout the government’s reputation rose, which in turn led to an increase in the mean
and standard deviation of CDS spreads for all banks. Finally, we interpret the implemen-
tation of TARP as a bailout event resulting in a drop in the reputation of the government
and consequently a decrease in the mean and standard deviation of bank CDS spreads.

One potential problem with our interpretation is that spreads for all firms – financial
and non-financial – increased during the crisis, as documented by Gilchrist and Zakrajšek
(2012). To make sure that the dynamics of spreads for financial firms between the Lehman
failure and the announcement of TARP is not driven by either changes in fundamentals
or the price of risk, we also plot the same moments for a selection of large non-financial
firms, which are arguably less affected by these bailout policies but can be subject to the
same movements in volatility and price of risk.18 From Figure 4, it is clear that the hump-

15Recall from the discussion in Section 2 that here we interpret the borrowers in the model as financial
institutions.

16The Federal Reserve Board approved the rescue plan for Bear Stearns on March 14, 2008. Lehman
Brothers Holdings Incorporated filed for Chapter 11 bankruptcy protection on September 15, 2008. The US
Treasury Department announced TARP on October 14, 2008. See the St. Louis Fed Financial Crisis Timeline
at https://www.stlouisfed.org/financial-crisis/full-timeline.

17 Since the drop was small after the Bear Stearns episode, the model implies that the bailout was expected
with high probability.

18The comparison builds on the idea that defaults by financial firms have larger social costs and therefore
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Figure 4: CDS spreads of large financial and non-financial firms
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shaped dynamics of the mean and standard deviation of CDS spreads for financial insti-
tutions is not shared by non-financial firms. If anything, spreads for non-financial firms
monotonically increased during this period as the recession deepened. Furthermore, at
least for the case of TARP, the reduction in CDS spreads is not associated with an increase
in the stock price of financial firms. This is consistent with our channel to the extent that
bailouts primarily benefit bond-holders.

The literature has proposed alternative and complementary mechanisms that can also
account for the behavior of CDS spreads during the financial crisis. For instance, the
increase in the sensitivity of spreads to fundamentals after Lehman can be explained by
an increase in the incentive to acquire costly information in periods with high volatility
when returns of information are high as in Cole et al. (2016). It is not clear however how
this channel can account for the reversal after TARP.19

The evidence presented here is consistent with previous studies. Veronesi and Zin-
gales (2010) document that CDS spreads increased for other banks after Lehman Brothers
filed for bankruptcy. After the announcement of the Paulson plan (a $125 billion equity
infusion) in October 2008, spreads for many large banks fell. Schweikhard and Tses-
melidakis (2011) use the difference in the default risk implied by equity prices and CDS
spreads to measure the impact of government guarantees in pricing default risk.20 They
find that this difference increases sharply for banks during bailout events, for example
TARP and the Bank of America rescue package. See Figure 3 in their paper. Moreover,
they show that this difference is relatively unchanged for non-financial firms.

Acharya et al. (2016) find that the risk sensitivity of spreads for large financial firms
is substantially weaker than for small and medium financial firms, while there is no such
difference for non-financial firms of different sizes. They also find that “following the
collapse of Lehman Brothers in 2008, larger financial institutions experienced greater in-
creases in their spreads than smaller institutions. In contrast, the spreads of large financial
institutions also became more risk sensitive after the collapse of Lehman. Following the
government’s rescue of Bear Stearns in 2008 and the adoption of the TARP and other liq-
uidity and equity support programs, we find that larger financial institutions experienced
greater reductions in credit spreads than smaller institutions; the spreads of large finan-
cial institutions also became less risk sensitive.” They interpret these results as evidence
of “too big to fail” status for large financial institutions. This evidence suggests that our

bailouts are more likely for them. Clearly, there are some non-financial firms that impose social costs on
society. In fact, during the recession that followed the financial crisis, General Motors and Chrysler ended
up receiving government assistance.

19The information acquisition channel is complementary with our theory as the incentives to acquire
information are higher if the expectations of future bailouts are low.

20Atkeson et al. (2018) use the differences in book and equity values of banks to measure the size of the
government guarantees.
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theoretical analysis is more applicable to this subset of firms.
Relatedly, Kelly et al. (2016) provide evidence that during the US financial crisis the

expectation of a system-wide bailout to rescue bank equity holders increased. They doc-
ument that during the financial crisis, the cost of out-of-the-money (OTM) put options
for an index of the financial sector was much cheaper relative to OTM put options on
the individual banks comprising the index. They argue that the reason for this was the
difference in bailout expectations in the case of a single bank failing versus the financial
sector collapsing as a whole. Our model can replicate these dynamics if we assume that
it is costly for the optimizing type government to allow banks’ equity to be wiped out.

European Banking Union In 2014, member countries of the European Union trans-
ferred banks’ responsibilities for regulation and resolution to a European authority, the
Single Resolution Mechanism (SRM), with the goal of harmonizing the regulations and
minimizing the cost to taxpayers from bailing out failing banks. The SRM became fully
operative in 2016. The governing principle of the SRM is that bailouts should be avoided
and replaced by bail-ins: shareholders and debt holders should realize losses before any
public funds are used.21 The credibility of the SRM was tested in 2017 with the prospect of
bankruptcy for Monte dei Paschi di Siena, Banca Popolare di Vicenza, and Veneto Banca
in Italy. The Italian government used taxpayer money to rescue Monte dei Paschi di Siena.
For the two banks in the Veneto region, the Single Resolution Board did not perceive them
to be a risk to financial stability, but the Italian government intervened. The two banks
closed, and the good assets were acquired by Intesa SanPaolo with a government guaran-
tee. Senior debt holders were bailed out and retail investors were compensated for their
losses of junior debt. Thus, the Italian government avoided applying fully the bail-in
provision of the new European banking regulations.22

Through the lens of our model, after the Italian government’s use of public funds, pri-
vate agents were less likely to believe that the SRM is credible and thus expected greater
government support of banks in the future. Figure 5 plots the mean and standard devia-
tion of CDS spreads for large Italian banks for the period surrounding the bailout of Banca
Popolare di Vicenza and Veneto Banca.23 Consistent with our model, both moments fell
right after the announcement.

21The same policy was pursued in the US with Title II of Dodd-Frank, which calls for companies in
danger of default to be placed in receivership rather than bailed out. In the 2018 David K. Backus Memorial
Lecture, Darrell Duffie argues that much of the reason CDS spreads continue to be high compared to pre-
crisis levels is due to private beliefs that banks might not be bailed out in the event of a future crisis. He
argues that these beliefs are primarily driven by the Lehman Brothers episode as well as the regulation in
Dodd-Frank. The resolve of US regulators has not been tested yet.

22See Cooley (2017) and https://www.economist.com/finance-and-economics/2017/07/01/
the-complicated-failure-of-two-italian-lenders

23The two Veneto banks were bailed out on 25 June, 2017.
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Figure 5: CDS spreads of Italian banks
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Source: Markit. The banks in the sample are Assicurazioni Generali, Banca Carige, Banca Monte dei Paschi
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Popolare, Beni Stabili, Intesa Sanpaolo, Mediobanca, UniCredit, UBI Banca, and Unipol Gruppo.

A recent paper by Neuberg et al. (2018) provides additional empirical evidence for our
mechanism. They exploit a change in the contract terms of credit default swaps to mea-
sure the market-perceived credibility of the recent financial reforms. In 2014 the terms
of CDS contracts were changed to allow for a government intervention event in which
bondholders would be compensated if there was a bail-in. Contracts traded prior to 2014
had no such provision and thus bondholders were subject to losses in case of such events.
Since contracts under the old terms continued to trade after 2014, the authors use the
difference in CDS spreads of the two types of contracts to measure the cost of protecting
bondholders against bail-in events. They find that market implied likelihood of a gov-
ernment intervention decreased a little after the announcement of the SRM but increased
after it seemed likely that the Italian banks would be bailed out, consistent with our the-
ory.

One can also wonder why the Italian government chose to bail out these two mid-
sized banks, thereby damaging the credibility of the SRM guidelines. Our theory suggests
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that this bailout might have been driven by the fear of contagion to other banks in bad
condition, such as Monte Paschi and Carige, as suggested by Proposition 4.

European Debt Crisis After joining the euro area, southern European governments
were able to borrow at interest rates similar to Germany, despite differences in funda-
mentals, until the beginning of the European debt crisis at the end of 2009. The crisis
started in Greece but soon spread to other southern European countries. News about
the willingness of European institutions to bail out Greece impacted the borrowing rates
for other EU member countries. Ardagna and Caselli (2014) document that the spike
in five-year Italian bond yields coincided with an announcement that the Greek bailout
agreement required them to seek a haircut on outstanding debt to private creditors. They
argue that this contagion effect might have worsened prospects for peripheral countries.
Figure 6 plots the expected recovery rates for Greek bonds on the left axis and the CDS
spreads on 10-year Italian bonds on the right axis. The recovery rate is a measure of how
much private lenders expect to recover in the event of default. As the figure shows, the
sharp increase in Italian CDS spreads coincides with the drop in expected recovery rates
for Greek bonds.

As the crisis progressed and fundamentals arguably worsened, the interest rates at
which southern European countries continued to rise until the speech by Mario Draghi
about the willingness of the ECB to do “whatever it takes” and the institution of the OMT
program, after which spreads for these countries fell sharply. We interpret the institution
of OMT as an announcement in the spirit of Proposition 5. Figure 7 plots the mean and
standard deviation for CDS spreads of EU countries (not including Greece) for the period
around the announcement of the unlimited bond-buying program by the ECB. Consistent
with our model, both the mean and standard deviation fell after the announcement.

We provide further evidence that the sensitivity of interest rate spreads to fundamen-
tals increased from the start of Greek debt crisis (2009Q4) to the announcement of OMT
(2012Q3) relative to the period 2000Q1-2009Q3 and then reverted back to the pre-crisis
level after OMT, 2012Q4-2020Q1. To this end, we regress the 10-year spreads of Eurozone
countries relative to Germany on fundamentals like the government debt to GDP ratio
and real GDP growth that are informative for spreads according to standard theory, see
for instance Arellano (2008) and Aguiar and Gopinath (2006). We allow for the sensitivity
of spreads to fundamentals to differ between the initial period (2000Q1–2009Q3), the debt
crisis period (T1 =2009Q4–2012Q3), and the post-OMT period (T2 =2012Q4–2020Q1). We
estimate the following equation

spreadit = β0i +β1xit +β2xitI{t∈T1}
+β3xitI{t∈T2}

+β4I{t∈t∈T1}
+β5I{t∈T2}

+ εit
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Figure 6: Recovery rates and CDS spreads
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where spreadit is the 10 year yield spread, xit is either debt to GDP ratio, the growth
rate of GDP, or the square of the debt to GDP ratio. Table 1 reports the results for these
regressions. In all our specifications, the sensitivity of spreads to fundamentals increases
during the crisis and then reverts back to pre-crisis levels after OMT.

Since the literature has emphasized the non-linear effects of these fundamentals on
spreads, we also include a specification that allows for a squared term (column 3). For
this specification, we see that during the crisis period (T1), the coefficient on the square
term increases but the coefficient on the linear term decreases. However, the overall effect
is consistent with our theory as seen in Figure 8. This figure plots the relationship between
the debt to GDP ratio and interest rate spreads predicted by the regression in the three
subperiods together with the data. During the crisis, we see that the sensitivity of the
spreads to the debt to GDP ratio rises as indicated by the steeper slope of the line.

A common alternative explanation for the behavior of spreads in the European debt
crisis is that high spreads were driven by a self-fulfilling switch to a bad equilibrium
– as in Cole and Kehoe (2000) or Calvo (1988) – and the ECB intervention steered the
equilibrium back to one with low interest rates. For instance, De Grauwe and Ji (2013)
argue this is the case from a regression analysis similar to the one in Table 1. While this is
possible in theory, our narrative suggests that in order for this to be true, lenders would
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Figure 7: 10 year yield spreads for Eurozone countries
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Source: Markit. The countries in the sample are the original Eurozone countries: Austria, Belgium, Finland,
France, Germany, Ireland, Italy, Luxembourg, the Netherlands, Portugal, and Spain.
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need to coordinate on news about the generosity of (future) bailouts.24

For this episode, we choose not to contrast the behavior of the spreads for government
bonds with the spreads of corporate bonds that are less impacted by the expectations of
bailouts by the European institutions (ECB and EU). We do so because there are several
channels that transmit sovereign risk to corporate bonds so that similar dynamics of cor-
porate spreads does not by itself invalidate our channel. For example, if EU governments
are responsible for corporate bailouts then shocks to their fiscal capacity can affect their
ability to bail out firms and thus affect firms’ CDS spreads.25 Moreover, financial insti-
tutions hold government debt and thus an increase in spreads reduces their net-worth
and can in turn increase corporate spreads (both directly and indirectly through an in-
crease in the price of risk). These channels suggest that corporate spreads might mimic
sovereign risk even if not affected by news about bailouts from European institutions. In
fact, Gilchrist and Mojon (2018) document that during the Eurozone crisis, the spreads of
non-financial firms reflected country specific sovereign risk. In contrast, during the U.S.
financial crisis, the spreads of non-financial firms did not reflect individual country risk.

7 Ex-ante Policies

Here we briefly discuss how the implementation of desirable ex-ante policies interacts
with our mechanism. A critical ingredient of our theory is that default generates a social
default cost, ψ∆B, so the government has an ex-post incentive to intervene and bail out
the borrowers. Thus, borrowing generates negative externalities on society whenever the
probability of default is not zero. Consequently, even absent a bailout, the equilibrium
borrowing level is not optimal. To see this, consider the objective function in the case in
which all agents are equally weighted by the government (λ = 1/2)26

1
2
[qPHk

α − k] − qψ∆b.

Assume that there are no bailouts so ∆ = PL and qPHb = k. The socially optimal invest-
ment is

k =

(
qPHα

1 + 2ψPL/PH

)1/(1−α)

< (qPHα)
1/(1−α) .

24Bocola and Dovis (2019) use the behavior of the maturity structure of government debt to discipline the
component of spreads due to rollover risk and find that it is relatively small.

25In our model we abstract from fiscal considerations and assume that the government can always finance
the bailout.

26This is just for simplicity. In general, the government’s objective in sub-period 1 is (1 − 2λ) [qPHb− k] +
λ [qPHk

α − k] − qψ∆b.
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Table 1: Sensitivity of spreads to fundamentals

(1) (2) (3)
debt/GDP 0.0345*** 0.0342*** 0.0089

(0.0027) (0.0025) (0.0106)
debt/GDP×I{t∈T1}

0.0320*** 0.0264*** -0.0552***
(0.0028) (0.0026) (0.0116)

debt/GDP×I{t∈T2}
0.0053** 0.00443** -0.0287***
(0.0021) (0.0019) (0.0081)

real GDP growth -0.206***
(0.0485)

real GDP growth ×I{t∈T1}
-1.085***
(0.1310)

real GDP growth×I{t∈T2}
-0.2460***
(0.0723)

(debt/GDP)2 0.0166**
(0.0075)

(debt/GDP)2×I{t∈T1}
0.0570***
(0.0079)

(debt/GDP)2×I{t∈T2}
0.0167***
(0.0057)

I{t∈t∈T1}
-0.0215*** -0.0089*** 0.0141***
(0.0030) (0.0021) (0.0041)

I{t∈T2}
-0.0074*** -0.0051*** 0.0077**
(0.0022) (0.0017) (0.0031)

Country fixed effects Yes Yes Yes
Observations 790 790 790

R2 0.553 0.644 0.594

Note: Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. The sample is 2000Q1–2020Q1,
T1 =2009Q4–2012Q3, and T2 =2012Q4–2020Q1. The countries in the sample are the original Eurozone
countries as in Figure 7. The data is from Eurostat.
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Figure 8: Sensitivity of spreads to debt to GDP ratio
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This figure reports the relationship between the 10-year spreads and the debt to GDP ratio estimated in
column 3 of Table 1 together with the data.

This socially optimal level of investment can be implemented by imposing a debt tax

equal to 1/
(

1 + 2ψ PL
PH

)1/(1−α)
.

In the spirit of Kareken and Wallace (1978), the combination of ex-ante policies and
bailouts can lead to an allocation that attains higher welfare than the Ramsey outcome
when these ex-ante policies are not available. Trivially, if the government promises to bail
out the lenders for sure and has the power to limit the investment or borrowing through a
tax or a quantity limit, then the government can attain the efficient level of capital without
incurring the default costs.27

Our model is too stylized to think about the optimal design of this policy mix. Here we
provide a brief discussion of the interaction between these ex-ante policies and the bailout
incentives ex-post. Suppose we have a fixed ex-ante tax on debt (or on capital). To justify
the no bailout policy of the commitment type, assume that the tax is sufficiently small

27In our setup with full information these policies are trivial but can be more complicated in practice if
the government has an informational disadvantage.
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so that not bailing out is still optimal from an ex-ante perspective. In this setting all our
results go through. Comparative statics about the frequency of bailouts with respect to
this tax are ambiguous because the tax reduces both the static benefits of bailing out, due
to a reduction in the amount of debt, as well as the the dynamic benefits since reputation
is less valuable. The latter is true because the ex-ante tax reduces overborrowing which
is more valuable when reputation is low. Therefore, it is unclear if the introduction of a
fixed sub-optimal tax leads to more or less bailouts in equilibrium.

A key issue when thinking about such ex-ante policies is whether they can be credibly
enforced. For instance, suppose that the government in our economy imposes a cap on
investment. The government can verify ex-post if the borrower adhered to the cap. To in-
centivize borrowers to respect the cap, assume that the government can impose a fine if it
is violated. As we show in Dovis and Kirpalani (2020), in the context of fiscal rules, if the
government cannot commit to imposing these fines (in addition to not being able to com-
mit to not bail out), then using this additional tool can have negative consequences. In
particular, we show that the imposition of such fines can lead to more borrowing and sub-
sequently more bailouts in equilibrium because they increase the cost for the government
of maintaining a good reputation. In concurrent work, Dovis and Kirpalani (2019), we
study the optimal policy in an environment without commitment but with incentives for
building reputation. One application of this framework is the optimal design of bailout
policies.

8 Conclusion

In this paper we study a model in which the expectation of future bailouts is an important
determinant of interest rate spreads. We jointly characterize these spreads and the opti-
mal bailout decisions of a government that lacks commitment but has incentives to build
reputation. The model can help to account for several features of both the behavior of
spreads around crises and the delay in intervention we often observe from governments
once the crisis has started. Moreover, it can account for the observation that the corre-
lation of spreads for certain borrowers (such as financial firms or governments in the
European Monetary Union) is higher than the correlation of their fundamentals because
they are linked by a common bailout probability.

Our narrative analysis demonstrates qualitatively that certain patterns in the data are
consistent with our theory. More work is needed to differentiate alternative theories that
have been proposed in the literature. On the model side, we purposely build a parsimo-
nious environment to highlight one novel channel. It would be worthwhile to quantify
how much of the movement in spreads can be accounted for by a combination of funda-
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mentals and reputation in richer models.
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Appendix

A Omitted Proofs

A.1 Proof of Proposition 1

We prove that a monotone continuous equilibrium exists by applying Tarski’s fixed point
theorem. Let

X = {∆W : [0, 1]→ R and ∆W (·) is increasing and continuous and ∆W (pnc) = 0}

and
Σ = {σ : [0, 1]× S→ [0, 1]}

where S is the set of states. Define f : X→ Σ as f (∆W) = σ to be the smallest28 solution to
the functional equation

σ (π, s) =


0 if β∆W (pnc + π∆p) > ∆ω (Q (σ,π) , s)

σ̃ : β∆W
(
pnc +

π∆p
π+(1−π)(1−σ̃)

)
= ∆ω (Q (σ,π) , s)

1 if β∆W (pc) < ∆ω (Q (σ,π) , s)

(30)

where Q (σ,π) = qPH + q (1 − π)
∑
s psh (θL|s)σ (π, s),

ω∗ (Q, s) = λh (θH|s) (θHk (Q)α − b (Q)) + (1 − λ)h (θH|s)b (Q)

ω (Q, s) = λh (θH|s) (θHk (Q)α − b (Q)) + (1 − λ)h (θH|s)b (Q) −ψh (θL|s)b (Q)

∆ω (Q, s) = ψh (θL|s)b (Q)

with k (Q) = (αθHQ)1/(1−α), b (Q) = (αθH)
1/(1−α)Qα/(1−α).

Define the operator T∆ : X→ X as

∆W ′ (π) = T∆ (∆W) (π) =W ′ (π) −W ′ (pnc)

28By doing so we are selecting the best equilibrium. We could alternatively look for the worst by choosing
the largest solution.
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where

W ′ (π) =
∑
s

psσ (π, s)ω∗ (Q (σ,π) , s)

+
∑
s

ps [1 − σ (π, s)]
[
ω (Q (σ,π) , s) +β∆W

(
pnc +

π∆p

π+ (1 − π) (1 − σ (π, s))

)]
.

and σ = f (∆W) . Note that if ∆W = T∆∆W then σ = f (∆W) is an equilibrium for the
model. In fact, if we have a fixed point then we can compute

W (pnc) =
∑
s

psσ (pnc, s)
ω∗ (Q (σ,pnc) , s)

(1 −β)

+
∑
s

ps (1 − σ (pnc, s))

[
ω (Q (σ,pnc) , s) +β∆W

(
pnc +

π∆p
pnc+(1−pnc)(1−σ(pnc,s))

)]
1 −β

and
W (π) =W (pnc) +∆W (π)

and so all equilibrium conditions are satisfied.
We first establish a preliminary result that characterizes f (∆W):

Claim. Given ∆W ∈ X, σ (π, s) = f (∆W) is decreasing in π. Moreover, if ∆WH > ∆WL

then f (∆WH) 6 f (∆WL).

Proof. Note that the smallest solution of (30) is the smallest fixed point of the following
operator: Tσ : Σ→ Σ defined as

Tσσ (π, s) =


0 if β∆W (pnc + π∆p) > ∆ω (Q (σ,π) , s)

σ̃ : β∆W
(
pnc +

π∆p
π+(1−π)(1−σ̃)

)
= ∆ω (Q (σ,π) , s)

1 if β∆W (pc) < ∆ω (Q (σ,π) , s)

First we show that for any σ ∈ Σ and ∆W ∈ X, σ ′ (π, s) = (Tσσ) (π, s) is decreasing in π.
Suppose by way of contradiction that there exists πL < πH and σ ′ (πL, s) < σ ′ (πH, s) for
some s so that the bailout probability is larger if we start from a higher prior.

Suppose first that σ ′ (πL, s) = 0 then

∆ω (Q (σ,πL) , s) 6 β [W (pnc + πL∆p) −W1 (pnc)] .

We also have

∆ω (Q (σ,πH) , s) < ∆ω (Q (σ,πL) , s)
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and
β [W (pnc + πL∆p) −W (pnc)] 6 β [W (pnc + πH∆p) −W (pnc)]

where the first inequality follows from Q (σ,πH) < Q (σ,πL) and the fact that B (Q) is
increasing, and the second inequality fromW (π) being an increasing function. Therefore,

∆ω (Q (σ,πH) , s) 6 β [W (pnc + πH∆p) −W (pnc)]

and σ ′ (πH, s) = 0, yielding a contradiction.
Next, suppose that 0 < σ ′ (πL, s) < σ ′ (πH, s) < 1. Then,

β

[
W

(
pnc +

π∆p

π+ (1 − π) (1 − σ ′ (πH, s))

)
−W (pnc)

]
= ∆ω (Q (σ,πH) , s) ,

β

[
W

(
pnc +

π∆p

π+ (1 − π) (1 − σ ′ (πL, s))

)
−W (pnc)

]
= ∆ω (Q (σ,πL) , s) .

Therefore, since ∆ω (Q (σ,πH) , s) 6 ∆ω (Q (σ,πL) , s) andW is increasing, it must be that

pnc +
πL∆p

πL + (1 − πL) (1 − σ ′ (πL, s))
> pnc +

πH∆p

πH + (1 − πH) (1 − σ ′ (πH, s))

⇐⇒
(1 − πH)

πH

(
1 − σ ′ (πH, s)

)
>

(1 − πL)

πL

(
1 − σ ′ (πL, s)

)
⇐⇒ 1 − σ ′ (πH, s) >

(1 − πL)

πL
/
(1 − πH)

πH

(
1 − σ ′ (πL, s)

)
> 1 − σ ′ (πL, s)

⇐⇒ σ ′ (πL, s) > σ ′ (πH, s)

obtaining a contradiction.
Finally, if 0 < σ ′ (πL, s) < σ ′ (πH, s) = 1 then

β [W (pc) −W (pnc)] < ∆ω (Q (σ,πH) , s) < ∆ω (Q (σ,πL) , s)

implying σ ′ (πL, s) = 1, which is also a contradiction. Thus σ ′ (π, s) = (Tσσ) (π, s) is
decreasing in π.

Next, we show that Tσ is monotone in σ. That is, if σH > σL then σ ′H > σ ′L. Suppose
by way of contradiction that for some π and s, σ ′H (π, s) < σ ′L (π, s). Then, it must be that
σ ′L (π, s) > 0 so

β∆W

(
pnc +

π∆p

π+ (1 − π)
(
1 − σ ′L (π, s)

)) > ∆ω (Q (σL,π) , s) .
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Since σH > σL then Q (σH,π) > Q (σL,π) and

∆ω (Q (σH,π) , s) > ∆ω (Q (σL,π) , s) .

Thus,

β∆W

(
pnc +

π∆p

π+ (1 − π)
(
1 − σ ′H (π, s)

)) > β∆W(
pnc +

π∆p

π+ (1 − π)
(
1 − σ ′L (π, s)

))
> ∆ω (Q (σL,π) , s)

> ∆ω (Q (σH,π) , s)

which implies that σ ′H (π, s) = 1, a contradiction. Therefore the operator Tσ is monotone
and we can find f as

f (∆W) = lim
n→∞Tnσ0 0 (π, s) = 0 ∀ (π, s)

where 0 is some initial feasible value.
Finally, we show that if ∆WH > ∆WL then f (∆WH) 6 f (∆WL). We know that

f (∆Wi) = lim
n→∞Tnσ (0;∆Wi)

so it suffices to show that for all n

σnH (π, s) = Tnσ (0;∆WH) 6 Tnσ (0;∆WL) = σ
n
H (π, s)

which is true since Tσ is monotone increasing in σ and monotone decreasing in ∆W. This
must also be true in the limit so that f (∆WH) 6 f (∆WL).

We now show that T∆∆W ∈ X. Notice that the definition of T∆ implies that T∆ (∆W) (pnc) =

0. Thus, what is left is to show that the operator T∆ maps increasing functions into in-
creasing functions.

Claim. ∆W ′ (π) = T∆ (∆W) (π) is increasing in π.

Proof. Let σ = f (∆W). Consider πL < πH and define S1 = {s : σ (πL, s) = σ (πH, s) = 0},
S2 = {s : σ (πL, s) > σ (πH, s) = 0}, and S3 = {s : σ (πL, s) > σ ′ (πH, s) > 0} so that in S1

there are no bailouts under both πL and πH, in S2 there is a positive probability of bailouts
under πL but not under πH, and in S3 bailouts happen with positive probability under
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both πL and πH. Then

W ′ (πL) =
∑
s∈S1

ps [ω (Q (πL,σ) , s) +β∆W (pnc + πL∆p)]

+
∑
s∈S2

ps [ω
∗ (Q (πL,σ) , s) +β∆W (pnc)]

+
∑
s∈S3

ps [qω
∗ (Q (πL,σ) , s) +β∆W (pnc)]

and

W ′ (πH) =
∑
s∈S1

ps [ω (Q (πH,σ) , s) +β∆W (pnc + πH∆p)]

+
∑
s∈S2

ps [ω (Q (πH,σ) , s) +β∆W (pnc + πH∆p)]

+
∑
s∈S3

ps [qω
∗ (Q (πH,σ) , s) +β∆W (pnc)] .

Since Q (πH,σ) < Q (πH,σ) andω (Q, s) is decreasing in Qwe have that for all s

ω (Q (πH,σ) , s) −ω (Q (πL,σ) , s) > 0,

ω∗ (Q (πH,σ) , s) −ω∗ (Q (πL,σ) , s) > 0.

Moreover, since ∆W is increasing we have

W (pnc + πH∆p) >W (pnc + πL∆p) .

Thus, for all s ∈ S1 ∪ S3 we have that the value at πH is higher than at πL. Finally, for
s ∈ S2 we have that

ω (Q (πH,σ) , s) +β∆W (pnc + πH∆p) > ω
∗ (Q (πH,σ) , s) +β∆W (pnc)

> ω∗ (Q (πL,σ) , s) +β∆W (pnc)

and so it follows that

W ′ (πH) −W
′ (πL) > 0⇒ ∆W ′ (πH) −∆W

′ (πL) > 0.

Finally, we show that the operator T∆ is monotone.
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Claim. If pnc is sufficiently small and ∆WH > ∆WL then

∆W ′H = T∆ (∆WH;pnc) > T∆ (WL;pnc) = ∆W ′L.

Proof. Let S∗i (π) ≡ {s : f (∆Wi) (π, s) > 0} and S0
i (π) ≡ {s : f (∆Wi) (π, s) = 0}. We can then

write

W ′H (π) =
∑
s∈S∗H

psω
∗ (QH (π) , s) +

∑
s∈S0

H

ps [ω (QH (π) , s) +β∆WH (pnc + π∆p)]dP (s)

W ′L (π) =
∑
s∈S∗L

psω
∗ (QL (π) , s)dP (s) +

∑
s∈S0

L

ps [ω (QL (π) , s) +β∆WL (pnc + π∆p)]dP (s) .

We know that
S∗H ⊂ S∗L

and for s ∈ S0
L,

ω (QL (π) , s) +β∆WL (pnc + π∆p) 6 ω (QH (π) , s) +β∆WH (pnc + π∆p)

and for s ∈ S∗H,

ω∗ (QL (π) , s) +β∆WL (pnc) 6 ω
∗ (QH (π) , s) +β∆WH (pnc)

and for s ∈ S0
H ∩ S

∗
L,

ω (QH (π) , s) +β∆WH (pnc + π∆p) > ω
∗ (QH (π) , s) > ω∗ (QL (π) , s) .

Thus,
W ′H (π) −W ′L (π) >

∑
s∈S∗L

ps [ω
∗ (QH (π) , s) −ω∗ (QL (π) , s)] > 0.

If pnc → 0 then f (∆W,pnc) (pnc, s) = 1 for all ∆W and so

W ′H (pnc) =
∑
s∈S

psω
∗ (Q (1, 0) , s)dP (s) ,

W ′L (pnc) =
∑
s∈S

psω
∗ (Q (1, 0) , s)dP (s) .

So for all π > pnc

lim
pnc→0

[T∆ (∆WH;pnc) − T∆ (WL;pnc)] > lim
pnc→0

∑
s∈S∗L

ps [ω
∗ (QH (π) , s) −ω∗ (QL (π) , s)] > 0
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and thus
lim
pnc→0

T∆ (∆WH;pnc) (π) > lim
pnc→0

T∆ (WL;pnc) (π) .

Claim. X is a complete lattice.

Proof. For any F,G ∈ X we define a binary relation � where F � G iff ∀s ∈ S, F (π, s) >

G (π, s) for all π . We want to argue that (X,�) is a complete lattice. That is, for any
arbitrary subset X̃ of X: 1) there exists x ∈ X̃ such that i) for all x ∈ X̃, x � x and ii) for
all x ′ ∈ X such that x � x ′ for all x ∈ X̃⇒ x � x (x is the greatest lower bound); 2) there
exists x̄ ∈ x̃ such that i) for all x ∈ X̃, x̄ � x and ii) for all x ′ ∈ X such that x ′ � x⇒ x ′ � x̄
(x̄ is the least upper bound). Clearly for any subset X ′ ⊂ X, for each s these correspond to
the lower and upper envelopes of functions in the set. In particular, for each s and each π
define

x̄ (π, s) = max
x(π,s)∈X ′

x (π, s)

and
x (π, s) = min

x(π,s)∈X ′
x (π, s) .

Notice that both x̄ (π, s) and x (π, s) are continuous, decreasing, and satisfy x̄ (pnc, s) =

x (pnc, s) = 0. Therefore, x̄ and x belong to X.

Thus, we have verified all the conditions needed to apply Tarski’s fixed point theorem
to establish that the set of fixed points of T is in X and is non-empty. Consider a fixed
point ∆W = T∆W in X. Since ∆W ∈ X then ∆W is increasing in π. Since we showed that
σ = f (∆W) is decreasing in π for all ∆W ∈ X, the equilibrium bailout probability on path,
σ, is decreasing in π. Finally, σ (π, sL) > σ (π, sM) > σ (π, sH) follows from the fact that
the static costs of not bailing out are are increasing in s. Q.E.D.

A.2 Proof of Proposition 2

We first show that under condition (21) in Assumption 1 we have σ (π, sL) = 1 for all π.
To this end, note that in any equilibrium B (π) = b (γ̄ (π)) > b (0). Moreover, note that
the dynamic gains from bailing out, W (pc) −W (pnc), are bounded by WR (0) −WR (1),
i.e.,

W (pc) −W (pnc) 6W
R (0) −WR (1) .

This is becauseWR (0) =WR >W (pc) since the value of the Markov equilibrium is lower
than the value of the Ramsey plan, and W (pnc) > WR (1) because along the equilibrium
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path private agents believe that with some probability they are facing the commitment
type. Hence we have that

ψB (π) > ψb (0) > β
[
WR (0) −WR (1)

]
> β [W (pc) −W (pnc)]

and so it is optimal to bail out with probability one if s = sL.
Next, we show that for some π it is optimal to mix in a mild crisis under assumption

(22). Since we know that σ (π, sL) = 1 for all π then

γ̄ (π) =
pL (1 − π)σ (π, sL) + pMµ (1 − π)σ (π, sM)

PL
∈
[
(1 − π)

pL
PL

, (1 − π)

]
so

B (π) ∈
[

b (1 − π) , b
(
(1 − π)

pL
PL

)]
.

First, suppose by way of contradiction that σ (π, sM) = 0 for all π. Then it must be that

0 < ψµB (π) 6 β [W (pnc + π∆p) −W (pnc)]

but as pnc → 0, for π = pnc = 0 we have

0 < ψµB (pnc) 6 β [W (pnc) −W (pnc)] = 0

which is a contradiction. Thus for π low enough we have σ (π, sM) > 0.
We now show that it is not optimal to bail out for sure in state sM. Suppose by way of

contradiction that σ (π, sM) = 1 for all π. Thus, we have that γ̄ = 1 so it must be that for
all π

ψµb (1 − π) 6 β [W (pc) −W (pnc)] .

Under the contradiction hypothesis, σ (π, si) = 1 for all π and si = sM, sL so the continua-
tion value for the optimizing type is

W (π) = (1 − 2λ) [qPHb (1 − π) − k (1 − π)] + λ [qPHk (1 − π)α − k (1 − π)]

+βPHW (pnc + π∆p) +βPLW (pnc)
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which evaluated at π = pc and pnc reduces to

W (pnc) = (1 − 2λ) [qPHb (1 − pnc) − k (1 − pnc)] + λ [qPHk (1 − pnc)
α − k (1 − pnc)]

+βPHW (pnc + pnc∆p) +βPLW (pnc)

W (pc) = (1 − 2λ) [qPHb (1 − pc) − k (1 − pc)] + λ [qPHk (1 − pc)
α − k (1 − pc)]

+βPHW (pnc + pc∆p) +βPLW (pnc)

and as pnc → 0 and pc → 1 we have

W (pnc) = (1 − 2λ) [qPHb (1) − k (1)] + λ [qPHk (1)α − k (1)]

+βPHW (pnc) +βPLW (pnc)

W (pc) = (1 − 2λ) [qPHb (0) − k (0)] + λ [qPHk (0)α − k (0)]

+βPHW (pc) +βPLW (pnc) .

Thus, using [qPHb (0) − k (0)] = 0 and subtracting the two expressions above we obtain

∆W (pc) =
(1 − 2λ)
1 −βPH

{k (1) − qPHb (1)}

+
λ

1 −βPH
{[qPHk (0)α − k (0)] − [qPHk (1)α − k (1)]} .

Since for all λ ∈ [0, 1/2] we have that (1 − 2λ) + λ = 1 − λ 6 1, condition (22) ensures that

β
k (1) − qPHb (1)

1 −βPH
> ψµb (1) ,

β
{[qPHk (0)α − k (0)] − [qPHk (1)α − k (1)]}

1 −βPH
> ψµb (1) ,

which in turn imply that
β∆W (pc) > ψµ (1)

so that it is not optimal to have σ (π, sM) = 1 because the static costs of not bailing out are
smaller than the dynamic benefits. This is a contradiction. Q.E.D.

A.3 Proof of Proposition 4

To prove that the conjectured equilibrium with σ1 = 1 exists, we need to show that (26),
(27), and (28) hold at π = pc = 1 and σ1 = 1. From (25), a simple computation gives us
the transitory type’s continuation value:

U2T (θ1,π) = PH (q (PH + (1 − π)PL))
α/(1−α) θ

1/(1−α)
H αα/(1−α) (1 −α) . (31)
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Recall that under the conjectured equilibrium, the transitory types do not receive a bailout
but repay in both states.Their problem in period 1 is

max
k
PHθHk

α − k/Q

with Q = q. Thus,
k1T = (αPHθHq)

1/(1−α)

and
B1T = (αPHθH)

1/(1−α) qα/(1−α) < B1P. (32)

Using (31) and (32), conditions (26), (27), and (28) can be written as (recall that π = 1)

−(αPHθH)
1/(1−α) qα/(1−α) +βPHq

α/(1−α)θ
1/(1−α)
H αα/(1−α) (1 −α) > 0,

−(αPHθH)
1/(1−α) qα/(1−α) +βPH (qPH)

α/(1−α) θ
1/(1−α)
H αα/(1−α) (1 −α) < 0,

β [W2 (1) −W2 (0)] < ψ [µB1P + (1 − µ)B1T ] .

Using the expression forW2 (π) we have

W2 (1) −W2 (0) = 0 − (αθH)
1

1−α Q (0)
α

1−α [qPH −Q (0)]

= (αθHq)
1

1−α PL.

Moreover, since B1P > B1T , to show that (26), (27), and (28) are satisfied it is sufficient to
show that

−(αPHθH)
1/(1−α) qα/(1−α) +βPHq

α/(1−α)θ
1/(1−α)
H αα/(1−α) (1 −α) > 0,

−(αPHθH)
1/(1−α) qα/(1−α) +βPH (qPH)

α/(1−α) θ
1/(1−α)
H αα/(1−α) (1 −α) < 0,

β [W (1) −W (0)] < ψ (αPHθH)
1/(1−α) qα/(1−α).

It is straightforward to verify that these three inequalities are satisfied under Assumption
2. Q.E.D.

A.4 Proof of Proposition 5

We now want to show that
−b1 +βU2 (pnc) > 0.

Note that
b1 6 b2 (0) = (αθH)

1/(1−α) qα/(1−α).
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Thus it is sufficient to show that

−(αθH)
1/(1−α) qα/(1−α) +βPHq

α/(1−α)θ
1/(1−α)
H

[
αα/(1−α) −α1/(1−α)

]
> 0

or
θ

1/(1−α)
H qα/(1−α)

{
βPH

[
αα/(1−α) −α1/(1−α)

]
−α1/(1−α)

}
> 0

or
βPH − (1 +βPH)α > 0.

But this follows directly from (29). Q.E.D.

B Extensions

B.1 Model with N borrowers

Consider an environment with N borrowers. Let B = (b1, ...,bN), K = (k1, ...,kN) and
Θ = (θ1, ..., θN). We show that asN→∞, the equilibrium outcome is the one in the main
text.

Consider first the incentives for the government in sub-period 2. If the government
bails out, its static value is

ω∗ (B, K,Θ) = max
Ti
λ

[∑
i

1
N

[max {θikαi + Ti − bi; 0}]

]
+

(1 − λ)

[∑
i

1
N
biI{θikαi +Ti−bi>0} −

∑
i

1
N
Ti

]
.

The value with no transfers is

ω (B, K,Θ) = λ

[∑
i

1
N

[max {θikαi − bi; 0}]

]
+ (1 − λ)

∑
i:θi=θH

1
N
bi −ψ

∑
i:θi=0

1
N
bi.

Notice that sinceN is finite and λ 6 1/2, the optimal transfers will satisfy T ∈ {0, T∗} since
choosing any other level only imposes costs on the government. Thus, we can summarize
the government’s decision is sub-period 2 by the bailout policy σ (π, B, K,Θ). The static
benefits of bailing out are

∆ω (B, K,Θ) = ψ
∑
i:θi=0

1
N
bi. (33)

Consider now the problem for a borrower. This problem is identical to the one in the
main text, except that now they internalize the effect of their choices on the government’s
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equilibrium bailout policy σ (π, B, K,Θ). The first order condition that characterizes debt
issuance is

αθH (Qibi)
α−1 (Qi +Qbibi)− 1 = 0 (34)

where Qi = Qi (B, K,π,σ) is the pricing schedule for borrower iwhich can be written as

Qi (B, K,π,σ) = qPH + q (1 − π)
∑
s

ps
∑
Θ

Pr (Θ|s)σ (π, B, K,Θ)

where

Pr (Θ|s) =
N∏
i=1

h (θi|s)

and
Qbi =

∂Qi
∂bi

= q (1 − π)
∑
s

ps
∑
Θ

Pr (Θ|s)
∂σ (π, B, K,Θ)

∂bi
.

This is identical to the characterization with a continuum of borrowers if Qbi = 0. We
next show this is the case in the limit as N→∞.

First note that the dynamic benefits are independent of bi and so borrowers can only
affect the bailout decision by affecting the static benefits of bailing out. Differentiating
(33) we obtain

∂

∂bi
∆ω (B, K,Θ) =


ψ
N if θi = 0

0 if θi = θH

which converges to 0 asN→∞. ThereforeQbi converges to zero and in the limit the first
order condition for the borrower is αθH (Qibi)

α−1Qi − 1 = 0 so

bi (π) = (αθH)
1

1−α Qi (π)
α

1−α , ki (π) = (αθH)
1

1−α Qi (π)
1

1−α .

Using the law of large numbers we have,

Qi (π) = qPH + q (1 − π)
∑
s

psσ (π, B, K,Θ (s))

where Θ (s) is a sequence Θ = {θn}
∞
n=1 with a share h (θL|s) of borrowers with realizations

equal to θL and a share h (θH|s) of borrowers with realizations equal to θH. The expression
above is the same as the one in Lemma 18 for the case with a continuum of borrowers.
Since the static benefits in (33) are the same as the ones in (9) then the limits of W and σ
are also equal to that in the continuum case. To see why, notice that we can just apply the
same argument as in Proposition 1.
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B.2 Ramsey Problem

Here we show that if α is sufficiently high and ψ is sufficiently low, then a government
with commitment chooses not to bail out. Thus, bailouts are not optimal ex-ante but are
only optimal ex-post.

The objective of the government with commitment is to maximize

Wc ≡ (1 − λ) [e−K+ qPHB] + λ [qPH (θHK
α −B)] −ψPL (1 − γ̄)B (35)

where the first term is the consumption of taxpayers and lenders, the second term is the
borrowers’ consumption, and the last term is the social default cost. Note that we can
rewrite the first two terms of (35) as

(1 − λ) [e−K+ qPHB] + λ [qPH (θHK
α −B)] − λK+ λK

= (1 − λ) e+ (1 − λ) (−K+ qPHB) + λ [qPHθHK
α −K] + λ (K− qPHB)

= (1 − λ) e+ (1 − 2λ) (−K+ qPHB) + λ [qPHθHK
α −K] .

Thus, the Ramsey problem is

max
B,K,γ̄

(1 − λ) e− (1 − 2λ) (K− qPHB) + λ [qPHθHK
α −K] −ψPL (1 − γ̄)B

subject to

B = b (γ̄) = (αθH)
1/(1−α) [q (PH + PLγ̄)]

α/(1−α)

K = k (γ̄) = (αθHq (PH + PLγ̄))
1/(1−α) .

Differentiating with respect to γ̄we have:

∂Wc

∂γ̄
= k ′ (γ̄)

[
−(1 − λ) + λαqPHθHk (γ̄)α−1

]
+ b ′ (γ̄) [(1 − λ)qPH − λ−ψPL (1 − γ̄)] +ψPLb (γ̄) .

Note that

∂Wc

∂γ̄
6 λ

[
αqPHθHk (γ̄)α−1 − 1

]
k ′ (γ̄) − b ′ (γ̄)ψPL (1 − γ̄) +ψPLb (γ̄)

6 −ψPL
[
b ′ (γ̄) (1 − γ̄) − b (γ̄)

]
where the first inequality follows from the fact that the term (1 − 2λ) (K− qPHB) is in-
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creasing in γ̄, the second from the fact that αqPHθHk (γ̄)α−1 − 1 < 0 and k ′ (γ̄) > 0. Thus,
it suffices to show that [b ′ (γ̄) (1 − γ̄) − b (γ̄)] > 0 or

αqPL
(1 −α)

(αθH)
1/(1−α) [q (PH + PLγ̄)]

α/(1−α)−1 (1 − γ̄)−(αθH)
1/(1−α) [q (PH + PLγ̄)]

α/(1−α) > 0

or
αqPL
(1 −α)

(1 − γ̄)

[q (PH + PLγ̄)]
− 1 > 0

which is true if α is sufficiently close to 1 and γ̄ < 1. For γ̄ close to one, we have that

lim
γ̄→1

∂Wc

∂γ̄
= k ′ (1)

[
−(1 − λ) + λαqPHθHk (1)α−1

]
+ b ′ (1) [(1 − λ)qPH − λ] +ψPLb (1)

which is negative if ψ is small enough. Therefore if α is sufficiently close to one and ψ is
sufficiently small then the Ramsey problem has γ̄ = 0.

B.3 A Consumption Smoothing Model

In this section we describe a model in which the desire to borrow arises from consumption
smoothing motives. All of our results go through in this economy.

All borrowers are one-period lived and symmetric ex-ante. In sub-period 1, borrower
i has income Yi1 = Y1 and can borrow bi from risk neutral lenders to finance consumption
ci1. In sub-period 2, the aggregate state s is realized according to a distribution P. As in
our baseline model, assume that the state can take three values: s ∈ {sL, sM, sH} with
probabilities pL, pM, and pH respectively. Each borrower receives stochastic income θ
drawn from a distributionH (·|s) . We assume that θ can take on two values: θH and θL. In
state sH, all the borrowers receive the high endowment so h (θH|sH) = 1 and h (θL|sH) = 0.
In state sM instead, h (θH|sM) = 1−µ and h (θL|sM) = µ . Finally, in state sL all borrowers
receive the low endowment, h (θL|sL) = 1 and h (θH|sL) = 0. After the realization of θ,
each borrower can default on its debt. The rest of the model is unchanged.

Let ci2 (s, θ) denote the consumption of borrower i in sub-period 2 given (s, θ). The
preferences of borrower i are given by

u (ci1) + δ
∑
s

ps
∑
θ

h (θ | s)u (ci2 (s, θ)) (36)

where u (·) is increasing, concave, and differentiable, and δ is the borrower’s discount
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factor across sub-periods. The budget constraint of the borrower in sub-period 1 is

ci1 = Y1 +Qbi

where bi is the debt issued by the borrower and Q is the price of the debt. In sub-period
2, if the borrower does not default, its budget constraint is

ci2 (s, θ) = θ− bi + Ti

where Ti are transfers from the government. We assume that the private cost of default to
the borrower, u (s, θ) is given by

u (s, θ) =

u (0) if θ = θH

u (θL) if θ = θL

which implies that these costs exhibit a high degree of convexity. Thus, it is always opti-
mal for borrowers to repay debt if θ = θH while if θ = θL there is repayment only if debt
issued is zero or there is a transfer equal to at least b. Therefore, the fraction of borrowers
defaulting is given by ∆ =

∑
θ h (θ | s) I{u(θ−b+T(B,s)(b,θ))<u(s,θ)} and the optimal transfer is

T ∈ {0, T∗} where
T∗ (B, s) (b, θL) = b.

Given this setup, it is easy to see that all the results in the baseline model apply here as
well.

B.4 Payoff Types

Here we show that the equilibrium outcome in the main text is also the equilibrium out-
come of a policy game with payoff types if the cost of default for the low cost type is
sufficiently small.

Suppose there are two types of governments: low and high cost types which are in-
dexed by subscripts L and H respectively. In particular, the social default cost for the high
cost type is ψH = ψ as in the baseline model (i.e. the one in the main text) and the default
cost for the low cost type is ψL. Here, π is the probability that the government is the low
default cost type L. Let σi (π, s) for i = L,H be the probability of a bailout given prior π in
state s and σ (π, s) denote the equilibrium strategy for the optimizing type in the baseline
model.

Proposition. Under the assumptions in Proposition 1 and 2, there exists ψ̄L > 0 such that for
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all ψL 6 ψ̄L
σH (π, s) = σ (π, s) and σL (π, s) = 0, ∀π, s

is an equilibrium.

Proof. Given the conjectured bailout strategies, the levels of debt and capital B (π) and
K (π) are the same as in the case with the commitment type considered in the text. Given
B (π), K (π), and σL (π, s) = 0, the problem of the high cost type is identical to the problem
of the optimizing type in the baseline model and thus σH (π, s) = σ (π, s) is optimal. We
are left to check that never bailing out is optimal for the low default cost type. To this end,
define the value for the low cost government type of following the conjectured strategy,
WL (π;ψL), as the unique solution to the following functional equation:

WL (π;ψL) = w (π) +β
∑
s

psWL

(
pnc +

π (pc − pnc)

π+ (1 − π) (1 − σ (π, s))
;ψL

)

where the static value given by

w (π;ψL) = (1 − λ) e+(1 − 2λ) [qPHB (π) −K (π)]+λ [qPHθHK (π)α −K (π)]−ψLqPLB (π) .

It is easy to see that since w (π;ψL) is strictly increasing in reputation π, this property
is inherited by WL (π;ψL). For σL (π, s) = 0 to be an equilibrium, it must be that for all
π ∈ [pnc,pc] and s ∈ {sM, sL}

β

[
WL

(
pnc +

π (pc − pnc)

π+ (1 − π) (1 − σ (π, s))
;ψL

)
−WL (pnc;ψL)

]
> ψLh (θL|s)B (π) . (37)

We now show that the posterior after no bailout, pnc +
π(pc−pnc)

π+(1−π)(1−σ(π,s)) , is bounded away
from pnc. Note that for π close to pnc, we know from the proof of Proposition 2 that
σ (π, s) > 0. Let 0 < σ (s) = minπ∈[pnc,pnc+ε] σ (π, s) for some ε > 0. Thus, we have

pnc +
π (pc − pnc)

π+ (1 − π) (1 − σ (π, s))
>

pnc +
pnc(pc−pnc)

pnc+(1−pnc)(1−σ(s))
> pnc for π ∈ [pnc,pnc + ε]

pnc + ε (pc − pnc) > pnc for π > pnc + ε

so we can define

η ≡ min
s∈{sM,sL}

min
π∈[pnc,pc]

{
pnc +

π (pc − pnc)

π+ (1 − π) (1 − σ (π, s))

}
> pnc.

Then the dynamic benefits of not bailing out are at least

β [WL (η;ψL) −WL (pnc;ψL)] > 0
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where the strict inequality follows from WL (π;ψL) being strictly increasing in π and η >
pnc. In particular, for ψL = 0 we have that

β [WL (η; 0) −WL (pnc; 0)] > 0

so condition (37) holds for ψL = 0. Thus, by continuity, there exists ψ̄L > 0 such that for
all ψL 6 ψ̄L condition (37) holds and so it is optimal for the low default cost government
to follow a strategy of never bailing out. Q.E.D.

The proposition implies that any equilibrium outcome in the model with a behavioral
commitment type is an equilibrium outcome in this model with payoff types.

B.5 Arbitrary Distributions and Recovery Rates

We now argue that Proposition 1 hold in more general environments with more general
distributions and recovery rates. We allow both s, θ to be drawn from continuous distri-
butions P (s) and H (θ | s) respectively. We generalize the social cost function to allow for
any increasing function C (·). Finally, in the event of default, we assume that lenders and
borrowers can renegotiate the contract so that borrowers make a partial repayment to the
lenders and avoid the default cost. Let

∆ (B,K, s) =
ˆ

I{B>θKα}dH (θ|s) ,

∆̃ (B,K, s) =
ˆ
θKαI{B>θKα}dH (θ|s)

where ∆̃ (B, s) denotes the maximal transfer that can be extracted from the borrower such
that it is indifferent between defaulting and not.

The static value of bailing out is

ωbailout (B,K, s) = λ
ˆ

max {θKα −B, 0}dH (θ|s) + (1 − λ)
[
(1 −∆ (B,K, s))B+ ∆̃ (B, s)

]
and the static value of not bailing out (and allowing default) is

ωno-bailout (B,K, s) = λ
ˆ

max {θKα −B, 0}dH (θ|s) + (1 − λ)
[
(1 −∆ (B,K, s))B+ ∆̃ (B,K, s)

]
−C (∆ (B,K, s)B) .

Note that even absent a bailout, since private agents can re-negotiate contracts, lenders
will extract ∆̃ (B,K, s) from borrowers who default. Given this the pricing schedule for
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debt is

Q (b,k|π,B,K) = q
{ˆ

(1 −∆ (b,k, s))dP (s) +
ˆ
∆̃ (b,k, s)dP (s)

}
(38)

+ q

{
(1 − π)

ˆ
σ (π,B,K, s)

[
∆ (B,K, s)B− ∆̃ (B,K, s)

]
dP (s)

}
.

Given that private contracts can be renegotiated, lenders receive at least ∆̃ (B,K, s) in the
event of default. The expression on the second line denotes the additional transfer re-
ceived in the event of a bailout. From Lemma 18, the problem for the borrower in period
1 is

max
b,k

ˆ ˆ
max {θkα − b, 0}dH (θ|s)dP (s) (39)

subject to
K 6 Q (b,k|π,B,K)b.

Define Θs+ (B,K) ≡ {θ : θKα −B > 0}. The following Lemma characterizes the private
outcome in the stage game given the bailout policy σ if the distribution for θ is continuous:

Lemma 3. Given π and a bailout policy σ, (B,K,Q) is a symmetric equilibrium outcome if

K = (QB)α ,

ˆ
s

ˆ
θ∈Θs+(B,K)

αθ (QB)α−1 (Q+Q ′B
)
dH (θ | s)dP (s) − 1 = 0,

and Q = Q (B,K|π,B,K) where

Q ′ =
dQ (b,k|π,B,K)

db

∣∣∣∣
(b,k)=(B,K)

.

We show that both the existence and characterization results hold in this environment
if the private equilibrium of the stage game satisfies the following condition:

Assumption 3. For any bailout policy σ (π,B,K, s) which decreasing in π for all (B,K, s), the
private equilibrium outcome is such that B (π) is a decreasing function.

The assumption requires the debt issued to be decreasing in π which implies that the
equilibrium default probabilities in each state s, to be decreasing in π. In general, as π
decreases there are two effects on the equilibrium price of debt Q. First, since the prob-
ability of a bail out is higher, Q increases. However, the resulting increase in borrowing
increases the probability of default which might lower Q. The assumption requires the
first force to dominate so that in equilibrium the price of issuing debt decreases and thus
the debt issued increases. It is easy to see that the example described in the previous
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section satisfies this assumption. Under this Assumption, the steps in Proposition 1 go
through unchanged.

B.6 Persistent Shocks: Contagion and Shock Sensitivity

In the model with iid shocks, there is no heterogeneity among borrowers at the beginning
of any period. As a result the model cannot generate the contagion effects described in
the introduction. By the contagion effect, we mean the increase in the price of debt for a
country not directly affected by an adverse fundamental shock. Moreover, since the price
of debt depends only on π and not the state, it is not possible to generate the differential
effect of reputation on the sensitivity of prices to fundamentals unless we introduce multi-
ple types of borrowers. To show that our framework can generate such features we extend
the baseline model to allow for persistent of aggregate and idiosyncratic states. As a re-
sult, the distribution functions of idiosyncratic and aggregate shocks are now h (θ ′|s ′, s, θ)
and P (s ′|s).

Let’s consider our simple example. To simplify the algebra we assume that the gov-
ernment cares only about the borrowers (λ = 0). The aggregate state s follows a Markov
chain

P
(
s ′|s
)
=

 pHH pHM pHL

pMH pMM pML

pLH pLM pLL

 .

As before, in state sH, all borrowers draw θH and in state sL all borrowers draw θL, i.e.
h (θH|sH, θ) = 1 and h (θL|sL, θ) = 1 for all θ. We assume that in the medium state, a
fraction µ of borrowers have the low output θL and

h (θL|s = sM, s− = sM, θ− = θL) = ρL

h (θL|s = sM, s− = sM, θ− = θH) = ρH

with ρLµ+ ρH (1 − µ) = µ. Thus, the productivity shock is persistent in the medium state.
Let z− = (s−, θ−), z = (s, θ) and ν (z−) denote the fraction of type z−. Next, let PH (z−)

and PL (z−) be probabilities of a high and low idiosyncratic endowment respectively, con-
ditional on history z−. Therefore,

PH (z−) = ps−H + ps−M
[
Is−=sM

(
1 − ρθ−

)
+
(
1 − Is−=sM

)
(1 − µ)

]
,

PL (z−) = ps−L + ps−M
[
Is−=sMρθ− +

(
1 − Is−=sM

)
µ
]

.
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Next, define

γ̄ (z−) ≡
ps−L (1 − π)σ (π, s−, sL) + ps−Mps−M

[
Is−=sMρθ− +

(
1 − Is−=sM

)
µ
]
(1 − π)σ (π, s−, sM)

PL (z−)

to be the probability that an individual borrower with history z− will be bailed out con-
ditional on drawing θL. As in the i.i.d case this serves as a useful sufficient statistic to
characterize private decisions. The price of debt in this environment is

Q (z−, γ̄) = qPH (z−) + qPL (z−) γ̄ (z−)

and the optimal debt level B (z−, γ̄) is given by

B (z−, γ̄) = (αθH)
1

1−α Q (z−, γ̄)
α

1−α . (40)

Define the B̄ (s−, γ̄) to be aggregate level of debt where

B̄ (sL, γ̄) ≡ B ((sL, θH) , γ̄) = B ((sL, θL) , γ̄) ,

B̄ (sM, γ̄) ≡ µB ((sM, θL) , γ̄) + (1 − µ)B ((sM, θH) , γ̄) ,

B̄ (sH, γ̄) ≡ B ((sH, θH) , γ̄) = B ((sH, θL) , γ̄) .

Next, we characterize a set of continuous monotone equilibria for the economy for an
arbitrary transition matrix P and provide sufficient conditions so that the characterization
results for the iid case extend to this more general environment. Assumption 4 is the
analog for Assumption 1 for the case with persistent endowments.

Assumption 4. Let C (x) = ψx. DefineWR (s, γ̄) as be the solution to

WR (s−, γ̄) = e−
∑
θ

ν (s−, θ) [γ̄ (s−, θ) +ψ (1 − γ̄ (s−, θ))]qPL (s−, θ)B ((s−, θ) , γ̄ (s−, θ))

+β
∑
s

ps−sW
R (s, γ̄)

Assume that
ψB̄ (s−, 0) > β

[
WR (s, 0) −WR (s, 1)

]
for all s (41)

and
A−1 · x > G (42)

where

A =

 1 − pLL pLM pLH

pML 1 − pMM pMH

pHL pHM 1 − pHH

 ,
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x =

 q (pLMµ+ pLL) B̄ (sL, 1)
qµ (pMMρL + pML)B ((sM, θL) , 1) + qµ (pMMρH + pML)B ((sM, θH) , 1)

q (pHMµ+ pHL) B̄ (sH, 1)


and

G =

 ψµB̄ (sL, 0)
ψ [µρLB ((sM, θL) , 1) + (1 − µ) ρHB ((sM, θH) , 1)]

ψµB̄ (sH, 0)

 .

Proposition 6. For an arbitrary transition matrix P, if pnc is sufficiently small, there exists
a continuous monotone equilibrium in which B (s−,π) : S × [0, 1] → R is decreasing in π,
σ (s−,π, s) : S× [0, 1]× S → [0, 1] is decreasing in π, W (s−,π) : S× [0, 1] → R is increasing
in π, Q (s−,π) : S× [0, 1]→ R is decreasing in π for all s−, and

W (sL,π) < W (sM,π) < W (sH,π) .

Furthermore, under Assumption 4, if pc → 1 and pnc → 0 then it must be that:

• It is optimal to bailout with probability one in a severe recession, σ (s−,π, sL) = 1 for all π
and s−.

• It is optimal to mix in a mild recession for some values of π for all s−.

Proof. The proof of the first part is identical to the i.i.d case. To see the second, we
first show that under condition (41) in Assumption 4 we have σ (π, s−, sL) = 1 for all
(π, s−). To this end, note that in any equilibrium B (z−, γ̄) > B (z−, 0). Moreover, note
that the dynamic gains from bailing out,W (s,pc)−W (s,pnc), are bounded byWR (s, 0)−
WR (s, 1) in that

W (s,pc) −W (s,pnc) 6WR (s, 0) −WR (s, 1)

becauseWR (s, 0) >W (s,pc), andW (s,pnc) >WR (s, 1). Hence we have that

ψB (s−,π) > ψB̄ (s−, 0) > β
[
WR (s, 0) −WR (s, 1)

]
> β [W (s,pc) −W (s,pnc)]

and so it is optimal to bail out with probability one if s = sL.
Next we show that it is optimal to mix in a mild recession under assumption (42).

Suppose by way of contradiction that σ (π, s−, sM) = 1 for all π. Under the assumption
that the government type is absorbing, the value for the optimizing type in state s for
π = 1 is

W (s, 1) = qpsH [0 +βW (sH, 1)] + qpsM [0 +βW (sM, 0)] + qpL [0 +βW (sL, 0)] .
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For π = 0, since γ̄ (0) = 1 we have for s = {sH, sL}

W (s, 0) = −q (psMµ+ psL) B̄ (s, 1) + qpsHβW (sH, 0)

+ qpsMβW (sM, 0) + qpsLβW (sL, 0)

and for s = sM

W (sM, 0) = −qµ (pMMρL + pML)B ((sM, θL) , 1) − q (1 − µ) (pMMρH + pML)B ((sM, θH) , 1)

+ qpMHβW (sH, 0) + qpMMβW (sM, 0) + qpMLβW (sL, 0)

and soW (pc) −W (pnc) =W (1) −W (0) equals

W (s, 1) −W (s, 0) = xs + qβ
∑
s ′

pss ′
[
W
(
s ′, 1

)
−W

(
s ′, 0

)]
for some constant xs. Hence we can write

A ·W = x

where

A =

 1 − pLL pLM pLH

pML 1 − pMM pMH

pHL pHM 1 − pHH



W =

 W (sL, 1) −W (sL, 0)
W (sM, 1) −W (sM, 0)
W (sH, 1) −W (sH, 0)


and

x =

 q (pLMµ+ pLL) B̄ (sL, 1)
qµ (pMMρL + pML)B ((sM, θL) , 1) + qµ (pMMρH + pML)B ((sM, θH) , 1)

q (pHMµ+ pHL) B̄ (sH, 1)


and so

W = A−1 · x.

The static gains of bailing out in a mild recession if π = 1 is given by

G =

 ψµB̄ (sL, 0)
ψ [µρLB ((sM, θL) , 1) + (1 − µ) ρHB ((sM, θH) , 1)]

ψµB̄ (sH, 0)

 .
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For the contradiction hypothesis to be valid, it must then be that even for π = 1 the
government prefers not to incur the default costs, or

G > A−1 · x

which contradicts in Assumption 1. Hence it must be that σ (π, s−, sM) = 1 < 1 for some
π.

We are now left to show that we cannot have that σ (π, s−, sM) = 0 for all π. Suppose by
way of contradiction this is indeed the case. In particular, we have that σ (0, s−, sM) = 0.
Hence, it must be that

γ̄ (z−) =
pL (1 − π)σ (π, sL) + pMµ (1 − π)σ (π, sM)

PL (z−)
=
ps−L (1 − π)

PL (z−)
.

The posterior after no-bailout (if π = 0), is

π ′ = pnc + π (pc − pnc) = pnc

since a no-bailout is expected under the contradiction hypothesis, and for s− ∈ {sH, sL}

µB̄ (s−, γ̄) 6 β [W (s,pnc) −W (s,pnc)] .

This is a contradiction since

0 < µB̄ (s−, γ̄) 6 β [W (s,pnc) −W (s,pnc)] = 0.

Hence, we cannot have that σ (π, s−, sM) = 0 for all π. Therefore, there is mixing for some
interval of π. A similar argument holds for s− = sM. Q.E.D.

Thus, a continuous monotone equilibrium exists when shocks are persistent and the
economy displays similar dynamics to the i.i.d case. We now show that the introduction
of persistence can generate the contagion effects described previously. In the i.i.d case,
there is only a single type of borrower in each period. However, with persistent shocks,
if s− = sM, then in the following period there are two types of borrowers: (sM, θL) and
(sM, θH). If there is no bail out and a subsequent rise in reputation, the interest rates
faced by both types rise due to the presence of a common government. This provides an
explanation as to why the CDS spreads for Italy rose after the perceived recovery rates for
Greek bonds declined. The announcement that private creditors were expected to receive
haircuts on Greek bonds signaled that EU countries were less likely to receive the benefit
of a full bail out in case of default in the future. As a result, the cost of borrowing for other
countries that might have been considered at risk of default rose as well.
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Proposition 7. (Contagion) If the reputation of the government increases after observing no bail
out in state sM, then the price of debt for types (sM, θH) decreases.

The proofs follows from the observation that the pricing function Q depends posi-
tively on π.
We next show that this model is capable of generating higher sensitivity to fundamentals
when reputation is high.

Proposition 8. (Sensitivity) For any s−, the difference in the price of debt for a θ− = θH bor-
rower and a θ− = θL borrower is increasing in the reputation of the government. That is,
Q ((s−, θH−) ,π) −Q ((s−, θL−) ,π) is increasing in π. Similarly, for any θ−, the differences
Q ((sH, θ−) ,π) −Q ((sM, θ−) ,π) andQ ((sM, θ−) ,π) −Q ((sL, θ−) ,π) are increasing in π for
π large enough.

Debt prices (and debt issuances) are less responsive to the state s− when the prior is
low. That is, if the probability of facing the optimizing type is low then lenders are less
worried about the state of the world since they expect to get bailed out with high proba-
bility and therefore, debt prices are not sensitive to the state. These effects are illustrated
in Figure 9. As the fourth plot illustrates, the difference between the price of debt across
the different states is increasing in π. At π = 0, the prices are identical and equal to the
risk-free rate since lenders expect to be bailed out with probability one. At π = 1, prices
are driven exclusively by the probability of default and since the states are persistent, the
difference in prices is large.

B.7 Learning Model

We can simplify the analysis by noting that since σ2 = 1, the price in the secondary market
simplifies to

q2 = Q2 (π,B, s, ε|σ) =

(1 − µ) + µ (1 − π)σ1 (π,B,q2) + ε s = sH

(1 − π) [(1 − µ) + µσ1 (π,B,q2)] + ε s = sL
.

It follows that if Q2 (π, sH, εH) = Q2 (π, sL, εL) then

εL = εH + (1 − µ)π.

If we assume that supp (g) = (−∞,+∞) we can then make a change of variable and
express all the equilibrium objects as a function of the realization of ε in state sH. Define

F (π) ≡
ˆ
σ1 (π, ε) [p (sH)g (ε) + p (sL)g (ε+ (1 − µ)π)]dε (43)
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Figure 9: Equilibrium objects for computed discrete example with persistent shocks
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to be ex-ante probability of a bailout in the first stage of the sub-period two given prior π.
Then, the price of issuing debt in the first sub-period is

Q (π) = q [p (sH) (1 − µ) + p (sL) (1 − µ) (1 − π) + µ (1 − π) F (π)] (44)

and so the optimal choice of debt satisfies

B (π) = (αθH)
1

1−α Q (π)
α

1−α . (45)

The value for the government, assuming λ = 0, is given by

W (π) = −Q (π)B (π)+ (46)

+ qp (sH) {(1 − µ)B (π)

+

ˆ
σ1 (π, ε)βW (pnc)g (ε)dε

+

ˆ
[1 − σ1 (π, ε)]

[
−cµB (π) +βW

(
pnc +

π

π+ (1 − π) (1 − σ1 (π, ε))
∆p

)]
g (ε)dε

}
+ qp (sL)

{ˆ
[1 − σ1 (π, ε+ (1 − µ)π)] [−cµB (π)]g (ε+ (1 − µ)π)dε+βW (pnc)

}
.

Finally, the probability of a bailout in the first stage σ1 (π, ε) is given by

σ1 (π, ε) =


0, if cµB (π) 6 βp̂H (π, ε) [W (pnc + π∆p) −W (pnc)]

σ̃, if cµB (π) = βp̂H (π, ε)
[
W
(
pnc +

π∆p
π+(1−π)(1−σ̃)

)
−W (pnc)

]
1, if cµB (π) > βp̂H (π, ε) [W (pnc +∆p) −W (pnc)]

(47)

where
p̂H (π, ε) =

p (sH)

p (sH)g (ε) + p (sL)g (ε+ (1 − µ)π)
.

Thus, (43)–(47) define a set of functional equations that can be solved for the equilibrium
objects F (π), Q (π), B (π),W (π), and σ1 (π, ε).
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