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1 Introduction

Since 2010, financial markets have expressed recurreneéomabout risks to debt
sustainability in a number of countries. One symptom oféhim/elopments is the
observed pattern of eurozone members sovereign yields &0t0, as shown in
Figure 1. Various bailouts and interventions have beengseg or been executed,
with considerable controversy and mixed sucte<3f particular interest to this
paper is the ECB President Mario Draghi’s attempt to restordidence by pledg-
ing to do “whatever it takes” to preserve the euro zone. Th& E@llowed this
speech with a program known as outright monetary trangac{ioMT) in Septem-
ber 2012, intended to reduce country-specific distresslyigér potentially unlim-
ited purchases of the short-term government bonds of thattop Yields subse-
guently declined, despite such purchases never taking pltile ECB Draghi
stated that “OMT has been probably the most successful ragnpblicy measure
undertaken in recent time”, it has been attacked at Germastitational court hear-
ings in June 2013 as fiscal policy and outside the legal fraorieywrovided by the
Maastricht treaty. It received a favorable ruling by thedpigan Court of Justice on
June 16th 2015, but the issue has now returned to the Germatitotional court,
with the latest round of hearings in February 2016. At thethafathe controversy
is whether this ECB program represents monetary policy aathdr it represents
fiscal policy and a bailout, financed by reductions in seiggerrevenue for other
member countries or an inflation tax.

This paper is motivated by these developments. The angbyssented here
played a considerable role in the testimony of the secondoawt the German
constitutional court hearings in May 2013, see Uhlig (2013®15). The paper
seeks to understand the dynamics of sovereign defauls @il the potential role
of a large, risk-neutral investor or agency in coordinagxgectations on a “good
equilibrium”, when sovereign debt markets might be pronpanics and run. The

1For example, in the summer of 2015, the Greek voters rejecpedposed bailout and its impo-
sitions on fiscal policy, only to see it being implementedways, with minor changes. It remains
to be seen whether this will lead to a sustainable solutiddrgece, but doubts persist. Yields on 10
year bonds are 10 percent above those of German bunds angheftivriting these comments.
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Figure 1:10yr yield spread to Germany. Source: Bloomberg.

perspective proposed here can be understood as a benigmmveirthe OMT pro-
gram. In particular, we characterize the minimal actubyitir intervention that
restores the “good” equilibrium of Cole-Kehoe (2000), netyon the market to
provide residual financing. “Fair value” here means thatéseurces provided by
the bail-out fund earn the market return in expectation. @leebe this is an impor-
tant benchmark, shedding light on the OMT program of the EQR key issue in
this benchmark is that the bail-out agency is able to restmégood equilibrium”
without endangering resources of tax payers in other cms)tand it does so just
by announcing that it is ready to step in and purchase debasgtenprices, which
would prevail in the “good equilibrium”. The main insight tife paper is not that
the “good equilibrium” can be restored by this agency (to spthis may be fairly
obvious), but rather to characterize the implications efithplementation of such
a policy.

Our analysis of the dynamics of a sovereign debt crisis buld and extends
three branches of the literature in particular. First, kared (2008) has analyzed
the dynamics of sovereign default under fluctuations in mmepand shown that



defaults are more likely when income is l&vBecond, Cole and Kehoe (1996,2000)
have pointed out that debt crises may be self-fulfilling: féreer of a future default
may trigger a current rise in default premia on sovereign deldl thereby raise
the probability of a default in the first place. Both theonegply, however, that
countries would have a strong incentive to avoid defaiggering scenarios in the
first place. We therefore build on the political economy tie of the need for
debt contraints in a monetary union of short-sighted fiscdicp makers as in to
provide a rationale for a default-prone scenario, see eegtddna and Uhlig (1999)
or Cooper, Kempf and Peled (2010).

We study a dynamic endogenous default model a la Eaton arsdh @&z (1981).
This framework is commonly used for quantitative studiesasereign debt and has
been shown to generate a plausible behavior of sovereigradelspread. Within
this framework, we consider a bailout agency, modeled astapkarly large and
infinitely lived investor and who is committed to rule out thenspot-driven de-
faults of Cole-Kehoe (2000) per debt purchases, even ifth#ranvestors do not.
We analyze the game between the government, the privatersentl this bailout
agency. We show that the intervention only requires knogeeaf the amount of
revenues needed to prevent a default and whether the casimirhe crisis zone or
not, in order to avoid potentially bailing out an insolveoi/grnment. We also pro-
vide practical interpretations of the game, distinguighietween a primary market
and a secondary implementation which could have importalitypimplications in
practice. Then, we assume that this bailout agency seekstaarially fair return,
and characterize the minimal intervention. The bailoutnagewill not prevent
defaults due to fundamental reasons as in Arellano (2008)nmpose additional
policy constraints such as conditionality as in e.g. Finé Scholl (2016).

We find that introducing an actuarially fair bailout agenould effectively
serve as a coordination on the “good equilibrium”, by isguilebt purchase guar-
antees and without incurring losses in expectation. We fiatithe agency needs to

2That may sound unsurprising, but is actually not trivial @fdllows from the assumption of
non-contingent bonds. Indeed the recursive contracalitee typically implies incentive issues for
contract continuation at high rather than low income staes e.g. Ljungqvist-Sargent (2004).



be willing to potentially purchase (nearly) the entire amioof newly issued debt,
casting doubts on proposals that, say, seek to limit the atite ECB can buy
a priori. At that maximum, we find that a small worsening indamentals will
make the bailout agency jump from the commitment to buy the#eeamount of
newly issued debt to buying no debt at all and letting the tguhefault: the coun-
try is let-go when a future recession becomes more likely thavas. We find that
the policy overall leads to higher debt levels and possiatiier small changes in
the probability of default, as the probability of default fondamental reasons is
increased. Thus, while the bailout agency intervention el@yinate multiple equi-
libria, default events may not be reduced as a result of igdlet levels. However,
now defaults would only occur due to fundamental reasons.n@uonerical analysis
shows, that changing the maturity of the debt may have litflaence on default
probabilities: the main change instead may be the level bf.d®ur analysis is
“positive”, not “normative”. The impatience of the goverant and its objectives
may well be different from those of the population, which aiabplanner would
take into account. On purpose, we therefore refrain froressssg the efficiency
and welfare implications: these would require additiorssiuanptions.

Our study is related to the recent literature on quantiatinodels of sovereign
default that extended the approach developed by Eaton arsd@iz (1981), start-
ing with Aguiar and Gopinath (2006) and Arellano (2008). fBiént aspects of
sovereign debt dynamics and default have been analyzedse tjuantitative stud-
ies. Excellent surveys of the literature on sustainabldipulebt and sovereign
default are in the handbook chapters by Aguiar et al (2016)RiErasmo et al
(2016). However, these studies do not consider defaukenlfdy a buyers strike
and the role of bailouts in eliminating self-fulfilling dettises.

A few recent papers also analyzed the role of bailouts in nsodestrategic
sovereign default. Boz (2011) introduces a third party gravides subsidized en-
forceable loans subject to conditionality in order to regié the procyclical use
of market debt but the countercyclical use of IMF loans. Famkl Scholl (2016)
also include bailouts and conditionality to reproduce thsewved frequency and
duration of bailout programs. Juessen and Schabert (20tR)de bailout loans
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at favorable interest rates but conditional to fiscal adpestts, and show that this
could not result in lower default rates. However, theseistido not consider
self-fulfilling debt crises. Kirsch and Ruhmkorf (2013) arporate financial assis-
tance to a multiple equilibrium default model. In contrasbur paper, they model
bailouts differently: bailout loans are provided at a fixet@ schedule, are senior
to market debt, and are subject to conditionality. Furtreenthe scope for the
bailout is not to resolve the coordination problem compyedas in our paper.

Our paper is closely related to the literature on multipleildgria in models
of sovereign default, most notably Cole and Kehoe (19960p00onesa and Ke-
hoe (2012, 2014), Corsetti and Dedola (2014), and Broner(@044). While we
share with these papers that crises can be triggered by asstyée, we differ in
the focus of our analysis. Cole and Kehoe (1996, 2000) peoaidharacterization
of the crisis zone and optimal policy in a dynamic stochagéineral equilibrium
model. Conesa and Kehoe (2012) show that under certaintcmmglgovernment
may find optimal not to undertake fiscal adjustments, thusnigang for redemp-
tion”. Conesa and Kehoe (2014) build on the previous papaistostudy the role of
bailouts. However, they evaluate whether a bail out coudd@@ countries to reduce
their debt out of the crisis zone, thus mitigating the gantpfor redemption. They
find that a bail out with a high penalty interest rate and adargllateral require-
ment would achieve this goal, but the problem is that the gowent would rather
default than accept that program. Corsetti and Dedola (26lidw that the gov-
ernment’s ability to debase debt with inflation does not glate self-fulfilling debt
crises, when the government lacks credibility. In many waysay be the analysis
most closely related to ours, however. Broner et al (201dpase a model with
creditor discrimination and crowding-out effects to shbattan increase in domes-
tic purchases of debt may lead to self-fulfilling crises. igl{R003) is one of the
early papers to discuss sovereign default aspects in a argnation. Hatchondo
et al (2015) discuss the importance of fiscal rules, whilevdhuzky et al (2015)
discuss currency union exit expectations.

As we do, Aguiar et al (2016) highlights that coordinatiofluiees are a sig-
nificant factor in sovereign bond markets. Their model atstidres multiplicity
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of equilibria but it differs from ours by incorporating timerying probability of
rollover crises and stochastic risk premium demanded sidarinvestors, which
seem important to account for interest rate and debt dyrsimibe data. However,
they do not discuss the role of a bailout agency in mitigathmgse coordination
failures, which is the main point of our study. Bocola and Bq2015) measure
the importance of self-fulfilling crises in driving inteteate spreads during the
euro-area sovereign debt crisis.

The rest of the article proceeds as follows. Section 2 iniced the model
without bailouts. Section 3 introduces and characterize®ailout agency. Section
4 presents the numerical results. Section 5 concludes.

2 A mode of sovereign default dynamics. no bailout
agency.

This section closely follows Cole-Kehoe (2000) and Aretlg8008). We assume
that there is a single fiscal authority, which finances gavemt consumption, >

0 with tax receiptg;; > 0 and asset®, € R (with positive values denoting debt),
in order to maximize its utility

U= B'ule) = x:d) (1)
t=0

where 3 is the discount factor of the policy maker(-) is a strictly increasing,
strictly concave and twice differentiable felicity funati, y; is an exogenous one-
time utility cost of default and; € {0, 1} is the decision to default in period We
assume that tax receipjsare exogenous, while consumption, the level of debt and
the default decisions are endogenous and chosen by thengoset.

In Arellano (2008) as well as Cole and Kehoe (2000), this ésutility of the
representative householg,is total output and; is the consumption of the house-
hold, i.e. the fiscal authority is assumed to maximize welfafhe structure as-
sumed here is mathematically the same, and consistent hathriterpretation. It
is also consistent with our preferred interpretation, \ehde utility function rep-
resents the preferences of the policy maker. For examplendghe uncertainty of
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re-election, a policy maker may discount the future moremethan would the
private sector. Spending may be on groups that are pantig@tiective in lobby-

ing the government. Finally; should then be viewed as tax receipts, not national
income.

A more subtle difference is the cost of a default, modele@ lasra one-time
utility cost x;, while it is modelled as a fractional loss in output in Arekke(2008)
with Cole and Kehoe (2000). Note, however, that y; in default, and that at least
for log-preferencesy(c;) = log(c;), a proportional decline in consumption each
period following the default can equivalently be writtereagne-time loss in utility.
The stochastic utility cost formulation intends to capttire non-pecuniary costs
of defaults such as reputation costs and the role of pdlitazdors in sovereign
defaults episodes. For instance, Sturzenegger and Zeitem(2006) argue that
"a solvency crisis could be triggered by a shift in the parersethat govern the
country’s willigness to make sacrifices in order to repagawse of changes in the
domestic political economy (a revolution, a coup, an etegtetc.)...”. The election
of the Syriza government in Greece in January 2015 can bastode as electing
a government that was more willing to risk a default than trevipus one, and
can be captured here by a changeinA similar utility cost formulation has been
used in recent studies on personal bankruptcy and mortgafgeltf, and in the
political economy literaturé. Technically, it provides a free parameter to fine-tune
the quantitative implications of the baseline specificatod the model: a feature
that we exploit in the numerical analysis. We wish to emptegshowever, that
introducing this political-taste feature and its stocltasariability may be quite
important on economic grounds for understanding soverégault.

In each period, the government enters with some debt IByvaind the tax re-
ceiptsy, as well as some other random variables are realized. Traddisancial
markets are assumed to be risk neutral and discount futpegymeents of debt at

3In this literature the utility cost of declaring bankruptmydefaulting on a mortgage is meant to
capture the social stigma attached to such situations, sgehhoff and Ohanian (2012), Chatterjee
and Eyigungor (2011), and Luzzetti and Neumuller (20143201

4Beetsma and Ribeiro (2008) assume that the governmensircutility cost from running a
deficit that exceeds a reference level.



some returm?, and price new delB; . ; according to some market pricing schedule
q:(Bi+1). Given the pricing schedule, the government then first makascision
whether or not to default on its existing debt. If so, it wiXperience the one-time
exogenously given default utility losg, be excluded from debt markets until re-
entry, and simply consume its outpudt,= vy, in this as well as all future periods,
while excluded from debt markets. We assume that re-enthetdebt market hap-
pens with probability < « < 1, drawn iid each period, and that re-entry starts with
a debt level of zero. If the government does not default, litahioose consumption
and the new debt level according to the budget constraint

¢+ (1 —0)B, =y + ¢t(Bis1)(Bis1 — 05y) (2)

where0 < 6 < 1 is a parameter, denoting the fraction of debt that curremtigds

to be repaid. The parametérallows to study the effect of altering the maturity
structure: the lowe#, the longer the maturity of government debt. The remainder
of the debt) B; will be carried forward, with the government issuing the raeint
Bii1 — 0B,.

2.1 State spacerepresentation

We shall restrict attention to the following state-spagaesentations of the equi-
librium. At the beginning of a period, the aggregate stdtez) describes the en-
dogenous level of deb® and some exogenous variabkles Z. We assume that
follows a Markov process and that all decisions can be dasdrin terms of the
state(B, z). The probability measure describing the transitionA£do 2’ shall be
denoted withu(dz' | z). More specifically, we shall assume thais given by

z=(y,x,¢) 3)

We assume that € [y, yg] with 0 < y;, < yy either has a strictly positive and
continuous density(y | zprev), given the previous Markov statgrey. We assume
thaty € {x, xu} takes one of two possible values, wita- y; < yy. We assume
that¢ € [0, 1] is uniformly distributed and denotes a “crisis” sunspot. &gsume
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that the three entries in are independent of each other, given the previous state.
For most parts, we shall assume thas iid, and that therefore the distributions for
y andy also do not depend otprev.
If the government does not defaudt £ 0), the period-per-period budget con-
straint is
c+(1—-0)B=y+q(B;z)(B —0B) 4)

whereB’ is the new debt level chosen by the government and wj(dsé z) is the
pricing function for the new del’.
If the government default$ (= 1), the budget constraint is

c=y %)

We assume that the government will be excluded from debtatsudatil it is given
the possibility for re-entry. We assume that re-entry tadiblet market happens with
probability0 < a < 1, drawn iid each period, and that re-entry starts with a debt
level of zero. The default decision of the government is gethous and (assumed
to be) a function of the statg3, z), § = §(B, 2).

We can now provide a recursive formulation of the decisioobfgm for the
government. The value function in the default state and alffte initial default
utility loss is given by

vp(2) =uly) + B(1 —a)Evp(2') | 2| + aF [UND(O, 2| z} (6)
Given the debt pricing scheduléB:; z), the value from not defaulting is

iND(B.2) = max(u(c) + BE (B, )] 2|
c+(1—-0)B=y+q(B;2)(B" —6B)}

Note that this formulation implicitly allows the buyback efitstanding debt at the
market price. The overall value function is given by

v(B,2) = 5gg§}(1 —0)oND (B, 2) + 0(vp(2) — X) (7
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2.2 Debt pricing

Given a level of debB and “good standing” (the government was not in default in
the previous period), let

D(B) ={z|d(B,z) =1} (8)
be the default set, and let
A(B) ={~]46(B,z) = 0} 9)

be the set of alt, such that the government will not default and instead,inaetto
honor its debt obligations: both are (restricted to be) asuesble set, according to
our equilibrium definition. The disjoint union dd(B) and A(B) is the entire set
7. Define the market price for debt, in case of no current defaal

1

0= [ 0B ) e a0

whereb(B’, 2') denotes the debt policy function, and thus the new debt |1BVel
given the new stateB’, =’). Due to risk neutral discounting, this is the market price
of debt, if there is no default “today”. Define the probalyilitf a continuatiomext
period per

P(B';z) =Prob(z' € A(B') | z) = E [Lss=0 | 7] (11)
If 6 =0, i.e., if all debt has the maturity of one period only, then

A(B2) = 2 P(B'52) (12

We need to check, whether there could be a default “today”.skiédl impose
the following assumption.

Assumption A. 1 Given a state, eitherq(B’; z) = g(B’; z) forall B’ orq(B’; z) =
0 forall B'.

This assumption is a selection mechanism that rules outiledgaj where, say, the
market expects a current default, if the government trieBn@nce some future
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debt level B, but not for others. Cole and Kehoe (2000) finesse this isstie w
more within-period detail, having the government first selv debt at some pric-
ing schedule, before taking the default decision. Withrthieiing, the equilibrium
price is zero if the government choose&athat does not ensure that the govern-
ment wants to honour its debt obligations given that the gowent is able to sell
new debt (i.e., ifB’ does not satisfy the participation constraint).

Given parameters, a law of motion fer anequilibrium is defined as mea-
surable mappingg(B’; z) in B’ andz as well as¢(B, z), (B, z) and B'(B, z) in
(B, z), such that

1. Giventhe pricing function(B’; =), the government maximizes its utility with
the choices(B, z), §(B, z) andB’(B, z), subject to the budget constraint (4)
and subject to the exclusion from financial markets for alsetic number
of periods, following a default.

2. The market pricing functioq( B’; =) is consistent with risk-neutral pricing of
government debt and discounting at the risk free refewn

We now turn to analyzing the possibility for a self-fulfiljrexpectation of a
default. Define the value of not defaulting, if the marketps are consistent with
current debt repayment,

oND (B, 2) = max{u(e) + BE [v(B', ) | 4] |
c+(1—-0)B=y+qB';z)(B —6B)}
where it should be noted that the continuation value fundsas before, i.e. given
by (7). Define the value of not defaulting, if the market psiege consistent with a
current default,
UND(B, ) = {u(c) + BE[v(0B,7) | 2] |
c+(1-0)B=y}

With that, define two bounds for the current debt lev@lsAbove the upper bound
B > B(z), the government finds it optimal to default today, even if tharket
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was willing to finance future debt in the absence of a defaalt,n.e. even if

q(B';z) = q(B';z). Above the lower bound? > B(z), the government finds it
optimal to default, if the market thinks it will do so and te&re is unwilling to

finance further deby(B’; z) = 0. l.e., let

B(z) =nf{B | iNp(B, 2) < vp(2) — x} (13)

as well as
B(z) = inf{B [ uNp(B. 2) < vp(2) — X} (14)

Whether or not there will be a default at some debt |g¥ddetween these bounds
will be governed by the sunspot random variapléAs in Cole-Kehoe (2000), we
assume that the probability of a default in this range is sergenously given
probability . We could allow this probability to follow a Markov process some
of the recent literature has done (e.g., Bocola and Dovis@p@nd the results with
respect to the equilibrium under assistance would stilli Aol

Assumption A. 2 For some parameter € [0, 1], and all B with B(z) < B <

B(z), we havey(B'; z) = g(B'; 2),if ( > mandq(B’;z) = 0,if { < .

The equilibrium will therefore look as follows (up to breagiindifference at
the boundary points:

1. If B > B(z), the government will default now and not be able to sell any
debt. The market price for new debt will be zero.

2. If B(z) < B < B(z), the government will

(a) default with probabilityr (more precisely, foC < 7), and the market
price for new debt will be zero,

(b) continue with probabilityt — = (more precisely, foC > ), and the
market price for new debt will bg(B’; z).

5The stochastic properties ofare important for the no-agency equilibrium which is beytmel
scope of this paper.

5The resulting equilibrium is similar as in Bocola and Do#916), except that in their model
the probabilityr follows a Markov process. Note that our price schedyle’; =) resembles what
they refer as the "fundamental price”.
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3. If B < B(z), the government will not default, and the market price fdstde
will be given byg(B’; 2).

Following Cole and Kehoe (2000), we shall use the term “srzgine” for the
maximal range for new debt, for which there might be a “sutisgefault next
period, i.e. for

B' € B = [min B(z), max B(z)]

Note that safe debt will be priced @t satisfying

1
f— —(1—0+0¢
q R( + 6q")

and is therefore given by
1—-0

e —— 15
=7y (15)
Conversely, given some prigg one can infer the implicit equivalent safe rate
1—0
R(q) =0+ e (16)

To denote the dependence of the equilibrium on the sunspatygderr or the
dependence on the debt duration paramgtere shall use them as superscripts, if
needed.

3 Bailouts

We now introduce the possibility for a bailout per a large arfohitely lived, risk
neutral outside investor. More precisely, we envision agnayg with sufficiently
deep pockets, possibly backed by, say, governments otaeitiie one under con-
sideration here. In the specific context of the European cebs, one may wish to
think of this agency as the ECB: given that current inflaterels are low and that a
large loss may lead to recapitalization of the ECB by Eurezamember countries,
an analysis in real rather than nominal terms appears todiigepl The issue of
fiscal support for the balance sheet of a central bank haatigdeen analyzed by
del Negro and Sims (2015).
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We assume that this agency aims at ensuring the selectidr 6§ood” equi-
librium. We seek to characterize the minimal interventiesessary to achieve this
outcome. Throughout our benchmark case, we assume thatiyleesbstrikes last
for one period, but discuss the extension to more periodddteasubsection.

We consider the following game between the government,rikiatp sector, and
a bailout agency. We provide an interpretation of the ganthemext subsection.
Recall, that at the beginning of the period the aggregate 845, =), wherez =
(v, x, ¢). Assume that both the government and the bailout agency kiow, ),
but do not know( in steps 1 and 2 of the following game:

1. The government picks a real numtigras its new debt level.

2. The bailout agency picks a p&iB’, ¢,), whereB! is a real number and where
¢, 1S @ non-negative real number. This will denote the williags of the
bailout agency to purchase debt uppat priceq,.

3. The private sector investors leafn Then they pick a non-negative number
q,, the price per unit of debt. We assume they all pick the samebey, given
(, i.e. using( potentially as a coordination mechanism.

4. The government decides whether to default or not.

The payoffs of this game are then as follows. If the governrdefaults, then
we are in the "default” situation that was described in thevjgus section. How-
ever, if the government does not default, there are two cases

1. Case A. If the private sector is willing to buy debt at positive pica.e.
¢, > 0, then

e the governmentreaches the new debt |é¥/eleceiving a revenug,(B'—
6 B), or paying this amount, if negative (i.e. if the governmantdback
debt).

¢ the bailout agency receives and pays nothing.
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e the private sector payg (B’ —60B), or receives this amount, if negative.
2. CaseB. If there is a buyers’ strike, i.ey, = 0, then

e the government reaches the new debt leg] receiving a revenue
7.(B!, — 0B), or paying this amount, if negative (i.e. if the government
buys back debt).

¢ the bailout agency payg (B!, — 0 B), or receives this amount, if nega-
tive.

¢ the private sector receives and pays nothing.

We shall restrict attention to strategies that insist ofibgyat the good equilib-
rium price schedule, and we seek to characterize “goodilibgum-restoration
intervention strategies. For that, the bailout agencylghiek ¢, = 0 outside
the crisis zone, but pickg,, B,) smartly, in caseB is in the crisis zone for,

B € [B(z), B(z)]. More precisely, define the “case B” no default value under
assistance as

oND;a(B, =) = max{u(c) + BE [v"(B', ') | 2] |
¢+ (1—0)B=y+q(B —0B)
B' < B!} (17)

Note the second constraint, encapsulating the limit of #sestance. One can there-
fore solve forB! = B! (B, z) for any statd B, z) with B € [B(z), B(z)] such that

UND:alB,2) = vp(z) — x (18)

With (18) we either assume that the government chooses faoHtiand “case B”
rather than default in case of indifference, or tBtis chosen slightly higher than
the value calculated above, in order to break this indiffees

"We assume that if the government is indifferent between awvels of debt issuances, it will
always choose the smallest amount. Also, the agency doeseeot to invervene at all in states
where the country is buying back debt, as there will never hma
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One can then solve the game backwards as follows. Assumehimatalue
function for the government from the next period onwardssisnathe no-bailout-
agency-always-good-sunspot equilibrium, i.e. the- 0 equilibrium described in
the previous section. Put differently, along the equilibripath agents understand
that the bailout agency is ready to assist in subsequent$isyekes? If the current
level of debt is outside the crisis zone for the currerthen the default/no-default
decision will be as in ther = 0 equilibrium before. Suppose then, thatis in
the crisis zone foe. Consider the decision of the government in step 4. Suppose
first, that we arrive there with, > 0 in step 3. The government will then choose
between “default” or proceeding to case A above. If “defaisltpreferred by the
government, then investors should not pigk> 0 in step 3, as the debt at that
point is valueless. Thereforg, > 0 can only arise together with a no-default
decision, and pricing as in the = 0 equilibrium. Suppose instead that we arrive
at the default decision node in step 4 after a buyers’ strike 0 in step 3. If the
government does not choose default, it will enter “case R mateive the revenue
¢.(B!, — 6B). Note that we have assumed tlat, B) is such that the government
(weakly) prefers this outcome to defaulting. It thus ch@osenot default in step
4. Thus, regardless of the choice fgrin step 3, the government will not default
in step 4. Given that investors know this, the debt of the gowent will be worth
more than zero on the market, > 0. With ¢, > 0, competition then ensures the
m = 0 outcome. With that, “case B” is off-equilibrium and a buysrike is always
avoided.

In sum:

Proposition 1 The bailout policy implements the equilibrium allocatibatarises
whenr = 0.

This intervention strategy does not require knowledge efith- 0-equilibrium
pricing function. However, the intervention agency needgipow, whethe3 is in a
crisis zoneB € [B(z), B(z)] for z or not, in order to avoid potentially bailing out an

8]f there is uncertainty about the agency assistance in theeudebt prices may not coincide
with those in ther = 0 equilibrium. This is an interesting avenue for future reskadeyond the
scope of the paper.
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insolvent government. Furthermore, the bailout agencysézknow a price-debt
(¢, B) combination, which avoids the default by the governmentép g with
case B. It could obviously accomplish this by picking hugilyorable terms and
buying large amounts of debt. It is fairly apparent, thatrsgenerous guarantees
might in practice be undesirable for political reasons. that reason, we have
characterized the minimal guarantee leél= B! (B, z), given the assisted price
scheduley, = ¢,(B, z) in equation (18).

3.1 Primary market implementations

One may wonder how the game sketched above could be implethenpractice.
For that, note that the choices of the agency no longer plajeam the outcomes,
once the game reaches “case A’

Thus, one practical way of implementing the game would beat@the bailout
agency always buyB’ — 6 B) of new debt at price, directly from the government,
provided that the country is in the crisis zone, agpd= 0 otherwise. The private
sector then purchases debt from the government or from fleaibagency at a price
¢,- The bailout agency sells its stock of newly purchased detite private sector
at priceg,, receiving a reimbursement ¢f, — ¢,) (B, — 6 B) from the government,
if it paid too much or reimbursing the government for — ¢,) (B, — 6B), if it paid
too little.

Alternatively, one can think of this game as an auction, Vlibth the bailout
agency and the private sector putting in bids, with the sona¢wnusual provision
that the private sector price prevails, even,if< g,, provided thayy, > 0. The
provision would be unnecessary,q¢f < ¢,—o(B’). The choice ofy, matters for
Case B and;, = 0. A smallerg, then would seem to require a largBf, i.e. a
larger penalty rate requires a more generous credit, akinet@agehot principle,
in order to avoid a default by the government.

For both of these implementations, the bailout-agency cibomemt for the off-
equilibrium case B amounts t( B/, — 6 B). In particular, if the difference between
the new and required debt levB) and the legacy deltB is small, then the bailout
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agency does not require particularly deep pockets to dyeddmmmit to its policy.

3.2 TheMaastricht treaty, secondary marketsand OMT

The Maastricht treaty stipulates, that the ECB can buy gowent debt only on
the secondary market, and thus not directly from the governinin line with that,
consider the following variant of the game above. Suppoatthe bailout agency
announces a policyB’, q,). Let there be a primary market auction where private
sector agents buy the newly issued debt directly from thegouent at some price
gy- Let there be a secondary market, in which old and new debaded, and in
which newly issued debt cannot be distinguished from olddat¥ Let ¢, denote
the secondary market price.df > 0, then standard no-arbitrage arguments result
in the primary market pricg, = ¢,, and we are in “case A’ as described above.
Suppose instead, that the secondary market price is gere,0. Assume that the
bailout agency stands ready to buy debt at the announceelgris 0 (i.e., above
the prevailing secondary market price). Per assumptioardegg the secondary
market, the bailout agency cannot distinguish sellers @fdelbt from sellers, who
have just obtained newly issued debt in the primary marketi@u Suppose all
sellers sell their securities with equal probability to tielout agency. If the total
outstanding debt i®’ and given the policy B!, q,) of the bailout agency, the risk-
neutral participants in the primary market value their at

G = 4a(B,/B') (19)

The government pick®’ optimally, taking into account equation (19): a step ab-
sent in the game description above. Assume that the baigerncy understands
that modified maximization problem and fixés’, ¢,) in such a way, that the
value-maximization choice of the government makes the gorent choose not
to default after the primary auction. It suffices for the batlagency to make the
government just indifferent between defaulting or procegavith these somewhat
meager proceeds from the primary auction, see equation @ that, we are

9This may be a legal, rather than a practical restriction.
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now back to game as described above. “Case B” is once agaggoffibrium, and
the debt purchase above the secondary market price is nessey. We view this
as a stylized description of the OMT (“outright monetarynsactions”) program of
the ECB, implemented in the fall of 2012.

Two caveats are in order, however. Note that the bailout@geaw needs to
credibly commit to the purchases &, rather than just the purchagg — 6B at
the priceg,. With longer-maturity debtB! will be considerably larger thai! —

6 B. Consequently, such a bailout agency must be able to comowrgiderably
larger resources in order to credibly execute this policgusd case B come to pass.
This distinction between a primary market implementatiod aecondary market
implementation can be of considerable importance in precti

The second caveat is that the non-intervention by the ECBtlamdecline in
yields is not per se evidence of a successful implementatidine 7 = 0 equilib-
rium, and could instead signal market expectations of abaf a future, insol-
vent government, i.e. for debt levels exceedi®g). Suppose, in the extreme, the
bailout agency announces that it will always be ready to Bugavernment debt
at the riskless rate, regardless of whether the governrseaatile to repay or not.
In that case, government debt in the hands of private invesgentirely safe, and
yields will fall to their risk-free equivalent. For a numbef periods, the govern-
ment may keep repaying its debt obligation, and its debteaiitinue to trade on
private markets. Eventually and perhaps with some proipgkibwever, the gov-
ernment may be insolvent, the secondary market price is aérdebt gets sold to
the bailout agency, and the bailout agency is then stuck wattthless debf. At
that point, a version of “case B” materializes, and is no Emgff equilibrium”.

These considerations played a considerable role in thent&asy of the second
author at the German constitutional court hearings in May328ee Uhlig (2013Db,
2015).

10This may not be quite true. The bailout agency could keefnglbver this debt. With some
luck, some future realization gf might enable the government to repay its debt at that paeins
ingly justifying the intervention ex post. Pursuing thisdiof reasoning is beyond the scope of this
paper.
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3.3 Avoiding defaults and avoiding bailouts

In terms of practical implementations and with a memory eftlegotations of the
IMF with debtor countries or the troica in Europe with Gregtgenerally seems
rather feasible to find modest,, B,) combinations, which avoid a government
default. What seems hard in practice, however, is to determihen this aid is
offered, if B is in a crisis zoneB € [B(z), B(z)], and when it is offered outside
of it. It is this key difficulty of telling apart "liquidity” fom "solvency” crises,
which may make implementing it hard in practice to implemiat strategy de-
scribed above. It is very important for the bailout agenckriow if the danger of
default is due to sunspots or fundamentals. Bocola and §@0is6) and Juvenal
and Wiseman (2015) provide interesting avenues to addnesgssue in practice.
Bocola and Dovis (2016) use a similar theoretical framewordurs but they allow
for endogenous maturity structure. In order to assess whetbvements in inter-
est rate spreads are self-fulfilling, they note that the nitgtstructure chosen by
the government differs if a default is likely due to sunspmtfundamentals. Then,
they use this restriction to estimate the probability ofl&f&sfilling crisis. Juvenal
and Wiseman (2015) use the sovereign spread to evaluategBbstfiscal posi-
tion. In particular, they studied the reduction in spredussoved after the winter of
2012 and analyze to what extent the lower yields were driyegldbal factors and
country-specific fundamentals.

3.4 Buyes strikeslasting beyond a single period

In the benchmark case, we assumed that the buyers’ strilgdastlfor one period.
This may be appear to be a strong assumption, at first blushat,Wthe buyer

strike continues longer than a single period? For that, widdaterpret the length
of a period as the maximal time that such a buyer strike maydesvided there is a
finite upper bound: this upper bound is then the essentiahgsson we are making
here. With that a buyer strike then does not last more tharpened by definition:

changes to the interpretation of the length of a period “ocyange the quantitative
implications. In principle, one could conceive of a sitoativithout such an upper
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bound. In that case, the bailout agency would be the ultitoaig-term lender, and
markets might no longer provide a guide to the appropriatage

While it could be interesting to calculate the total depthiaf pockets needed
to withstand a buyers strike potentially lasting forevemay be most appropriate
to think of the analysis here as the choices for a central famthe bailout agency)
that takes “one step at a time”. Suppose that this centrd bas arbitrary amounts
at its disposain principle and is committed to ensuring the= 0 equilibrium even
against a prolonged buyers strike. Our analysis then reviealv much resources
that agency has to currently commit to guarantee that owtcorhe analysis will
then also apply to all future periods, giving the path of fatnecessary commit-
mentst!

3.5 Actuarially fair bailouts

Case B is “off-equilibrium”. Nonetheless, one may wish tsigt on the bailout
agency earning the market rate of return in expectationsohahd holdings, if it
ever were to end up holding government bonds.

We view the actuarially fair “restoration-of-the-goodedidprium” as an impor-
tant benchmark. It furthermore may be of political relevafar practical applica-
tions of our framework, and where one might consider thattse-B branch will
be visited “by mistake”.

In order to implement the actuarily-fair implementatioeewn branch B, when
market prices do not provide a guide, we have to assume tlmibagency knows
ther = 0 pricing schedule. If it is willing to buy the entire debt, théhe solution
is easy in principle. It should price debt accordingly, aad qust let the country
choose the debt level it wants, given this pricing sched®areover, since the
bailout agency is always there, also in the future, to guasathe “good” equilib-
rium, the pricing is actuarially fair. However, as discusabove, one may wish to

1t may be interesting to consider the case where the ageryjirnded resources (e.g., one
period worth of total debt) and the buyers’ strike could lasger than one period. In this case, the
proposed bailout may fail to restore the good equilibriutisTextension is beyond the scope of the
paper and left for future research.
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learn the minimum intervention necessary. The bailout egéren picks a leveB!
and the corresponding actuarily fair assistance pgice ¢™=%(B’; z). Assuming
that the pricing schedule is downward slopingdf) equation 17 now becom&s

uND;a(B. 2) = max{u(c) + BE [v"(B'2') | ] |
c+(1-0)B=y+q¢""(B2)(B —0B)
B' < B,(B,2)} (20)
Criterion (18) now becomes an equation in one dimensionifi e determination
of the unknownB!. We use this approach in our numerical calculations. The

following propositions establish some properties of thagiarily-fair intervention
solution.

Proposition 2 Suppose3! (B, z) satisfies (18). Then:
1. There will not be a default, unless debt exceB(s).
2. Ifqy > gr=0(B.), thenB! = B/ (B, z) < B*(B, 2).
3. Inthe statg B(z), 2), B,(B, z) = B*(B, 2)
4. For two stateg B, z), (Bs, z) with the same exogenous statdf B; > B,

thenBéL(Bl, Z) > B;(BQ, Z).

Proof: Appendix.e

In the iid case and with a constant embarrassment utilitisgos- 0 of default-
ing, a bit more can be said. In that case, some constant yalyie

BE[UD(Z,)] = ﬁ’lN}D

is the continuation value from defaulting. Likewise, whexegiving the full guar-
anteeB/ (B, z), the continuation value of not defaultingdsyp (5., (5, z)), given
by

BE[v(B,(s),2)] = BiND(Bq(B, 2))

12The pricing schedule is downward sloping/ in our numerical simulations.
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Criterion (18) becomes

u(y) —u (y+ ¢ (By(B, 2); 2) (By(B, 2) = §B) — (1 — 0)B) (21)
= PBIND(B4(B,2)) — Bip+x — €
comparing the current utility gain from defaulting to thelityt continuation loss
from defaulting, including the embarrassment cpst
Proposition 3 In the iid and constank case, we have
1. If B > 0 and the default set is nonemptythen
¢"(By(B,2):2) (By(B,2) —6B) < (1 - 6)B

2. Fortwo StatE$Bl, Zl), (BQ, 2’2), if Y1 > Y2, thent(Bl, 21) < BQ(BQ, 22).

3. Fortwo State$Bl, Zl>, (Bg, ZQ), if X1 > X2, thenB(Il(Bl, Zl> < B;(BQ, ZQ).

Proof: Appendix.e

4 A numerical example

This section presents the results of a numerical exerciserenthe model is solved
using value function iteration. First we discuss the fumaal forms and parametriza-
tion, and then we give the results.

The government’s within period utility function has the CRRrm

We assume that the income process is a log-normal autosagrgsocess with
unconditional meap

log (ye41) = (1 — p) p+ plog (y) + €r41

13This comes from Proposition 2 in Arellano (2008): "Defaulsas only when the borrower does
not have access to a contract that lets him roll over the ntudebt due. If the borrower could roll
over the current debt, then he would simply consume moreytadd default tomorrow on a higher
debt.”
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Government’s risk aversion o 1/2

Interest rate r 3.0%
Income autocorrelation coefficient P 0.945
Standard deviation of innovations o, 3.4%
Mean log income 1 (-1/2)2
Exclusion « 0.2
Maturity structure 0 0.8
Discount factor I6] 0.4
Cost XL 0
Cost XH 0.5
SFC sunspot probability 7 0.05
Income grid Yty .- Y20  [0.73,...,1.37]
debt grid Bi, ..., By

Table 1:Parameter values for the calibration. One period is one year

with E (¢) = 0, E (¢%) = o2

A period in the model refers to a year. Table 1 summarizes ¢lygplarameters
used in this exercise. Most of the parameters are standénd literature except for
the discount factor, the sunspot probability, and thetytdost of default. As men-
tioned in the introduction, we build on political economthies of short-sighted
fiscal policy makers as in to provide a rationale for a defpuiine scenario. Thus,
we assume that the government discounts the future sufficieighly to perch it-
self at a precarious point with an amount of debt in the casise. Our parameter
value forr is within the estimated ragnes of the probability of a sudsip in
studies such as Jeanne and Ranciere (2001) and Calvo e04) (2@Iditionally, as
transition matrix between the twg-states, we choose

0 1
0.04 0.96

Both the value foryy as well as the transition probability froiy to x, was
chosen after some experimentation to hit two target praserfirst, we aimed at
a debt-to-tax ratio somewhere between two and three, wkiehplausible range
of values for european economies. Second, we aimed at tefaes between 5
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Target | 6 =0.8
Debt/Tax ratio 2..3 2.4
Default rate 5% .. 8% 6.6%

Table 2:Targets and numerical results for the debt/tax ratio anddb&ault rate

Buyers present Buyers’ strike
XL 38% 2%
XH 12% 48%

Table 3:The structure of defaults.

and 8 percent. While it tends to be hard to hit these numetdzgkts with, say,
the assumption that the only penalty to default is highesaamption variability, it
is comparatively easy to do it here, with these two additiéme parameters, see
table 2.

Table 3 shows the “anatomy” of defaults. One can see that ficepeof the
defaults happen due to fundamental problems, even withsporesible™y ; gov-
ernment and despite buyers willing to buy the bonds in ppleciHowever, nearly
half of all defaults occur due to a buyers’ strike: it is theseurrences which the
bailout agency shall help to avoid.

Figure 2 shows the resulting crisis zones. The intervalhénfigure denote
the pairs of income and debt levels for which the governmenmilevonly default
in the case of a buyers’ strike. For any debt level to the léfihe interval, the
government always repays independently of whether thexdig/ers strike or not.
Similarly, for debt levels to the right of the interval, thexgernment will always
find it optimal to default. Figure 3 shows the debt purchasgstence policy by
the bailout agency. Over a fairly narrow range, the guasthfirchases quickly
rise until they reach 100%. At that point, the risk and incanbf a default due to
fundamental reasons tomorrow is so large, that the faituseli a small fraction of
the new debt will be enough to trigger a default. If the curaebt is even higher,
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the fundamental debt price collapses all the way to zero,sandoes the bailout
guarantee. The country will not be willing to repay or will beable to repay in
the future, and purchasing debt at any positive price wililein expected losses.
Thus, the bailout guarantee is only positive for pairs obme and debt levels in
the crises zones, shown in Figure 2. Figure 4 shows the depeadf this policy
on income. With currently higher income, it may well be wogtnaranteeing debt
purchases, that would lead to default at lower income levieioother words, the
bailout agency should rather support the country during@rbthan a recession.
This result may be counterintuitive from a policy perspextiwhat happens here,
is rather intuitive, however: at some given debt level, warsg the fundamentals
moves the country out of the crisis zone, where a purchasegieg can restore
the fundamental equilibrium, to the default-for-sure oggiwhere any purchase
guarantee would now result in a subsidy and would be avoigea tsk-neutral
investor. Put differently, if the agency would commit to piidy purchasing nearly
the entire quantity of new debt at some level of fundamendedsnall worsening in
fundamentals will make the bailout agency jump to buying ebtét all and letting
the country default. The country is let-go when a future ssmn becomes more
likely than it was, making a fundamental default more likélign before. Finally,
Figure 5 shows that when the agency intervenes, the guadhptachases range
from over 50% up to 100%, and the size of the commitment coaldshigh as
40% of mean annual inconté.

Table 4 shows the impact of varying the maturity of debt. Aes tmaturity of
debt is increased, the threat from a buyers strike in anyngiegiod declines, as an
ever smaller fraction of the debt needs to be rolled over. Assalt, the incentive
to maintain higher debt levels rises, and not much changistiae default rates, as
the overall result, while the length of the crisis zonesrghri

The corresponding shift in the debt purchase assistanogypsishown in the
left panel Figure 6. Additionally, the right panel of Figuseshows the average
size of the bailout at the stationary distribution for diéfat levels ofd. Note that

Y1n Figure 5A(B, z) denotes the size of the commitment.
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Figure 3:Debt purchase assistance policy by the bailout agency.
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Figure 4: Income and debt purchase assistance

the level of commitment necessary to remove a buyers’ stailke significantly as
maturity increases.

Table 5 shows that the change in the sunspot probabhilityr a buyers strike
has only a modest impact on the overall default probabhityile the debt level
increases. With the fear of a default due to buyer’s strikeegdebt becomes more
attractive. Indeed, as table 6 shows, the default prolalilass now shifts from
the “buyer strike” scenario to the default due to fundamlenei@sons.

There is a conundrum for the bailout agency here. As that@gersuccessful
in reducing the sunspot default probability from, say, 2€cpet to zero percent,
the overall default rates only decline modestly from 5% to. 4&some ways, the
problem gets postponed: the government gets a bit more traedumulate more
debt. As far as default rates are then concerned after #nsitron, not much will
have changed.

Figure 7 shows the pricing function for debt at our benchnvaitke foré.

Indeed, debt prices rise and thus the sovereign spreachdgeels the bailout
agency assures the = 0 equilibrium through its purchase guarantees. The self-
congratulatory remarks by Draghi and the ECB in 2015 migleleen about point-
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Figure 5:Distribution of the debt purchase assistance and size affwommitted.

Targets:
Target |6 =09 6=08 6#=05 0=0
Debt/Tax ratio 2..3 3.3 24 1.8 1.6
Default rate 5%..8% 6.6%  6.6% 6.2% 6.2%

Defaults:0 = 0.9:
Buyers present Buyers’ strike

XL 38% 2%
XH 16% 44%
Defaults:f = 0:
Buyers present Buyers’ strike
XL 42% 2%
XH 2% 54%

Table 4:Variations in maturity and their impact on default$.= 0 is one-period
debt, wherea$ = 0.9 is essentially 10-period debt.
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Figure 6:Maturity and debt purchase assistance

Target |7=02 7=01 7#=005 7=0
Debt/Tax ratio 2..3 1.8 2.1 24 2.9
Default rate 5% .. 89 5% 8% 6.6% 4%

Table 5:Sunspot probabilities and debt levels

Defaults forr = 0.1: total prob = 8%:
Buyers present Buyers’ strike

XL 27% 3%

XH 8% 62%

Defaults forr = 0.05 (Benchmark): total prob = 6.6%:
Buyers present Buyers’ strike
XL 38% 2%
XH 12% 48%

Defaults forr = 0:total prob = 4%:
Buyers present Buyers’ strike
XL 81% 0%
XH 19% 0%

Table 6:Sunspot probabilities and default details
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ing to such lower yields after the "whatever it takes” pled@lke government, now
facing more favourable yields, is tempted to increase dglmedness. The result-
ing debt buildup is rather fast, as figure 8 shows. Figuresdl@nshow how the
stationary debt distribution is shifted to the right, inthgcthe higher occurrences
of defaults due to fundamental reasons. A graphical reptasen of the decision
rules underlying the increased debt accumulation unddrgigibbhase assistance is
shown in figure 11: the decision rule shifts upwards, indncp larger willingness
of the government to incur debt.
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5 Conclusions

Motivated by the recent Eurozone debt crisis and the OMT namogof the ECB
to promise purchasing government bonds in unlimited qtantitheir yields are
distressed, we have analyzed the dynamics of sovereigridéhilts and the scope
for coordination on a “good” equilibrium by a large risk-rial investor or agency.
The analysis has implications beyond current events of tlrefgean debt crisis.
The issue of belief coordination and the scope for policgmention by large agen-
cies such as the IMF or a coalition of partner countries isesfagic interest. Our
analysis has extended insights from three literaturesicpéarly Arellano (2008),
Cole-Kehoe (2000) and Beetsma-Uhlig (1999). More pregised have analyzed
the dynamics of sovereign debt, when politicians discobnatfuture considerably
more than private markets and when there are possibilite®dth a “sunspot-
"driven default as well as a default driven by worsening adremmic conditions
or weakening of the resolve to continue with repaying thentigudebt. We have
shown how this can lead to a scenario, where the country perickelf in a pre-
carious position, with the possibility of defaults imminneWe characterized the
minimal actuarially fair intervention that restores thetgl” equilibrium of Cole-
Kehoe, relying on the market to provide residual financing.

Three messages and conclusions emerge. First, an adiuiirdbailout agency
may be able to restore the “fundamentals-only” equilibritoy issuing debt pur-
chase guarantees and without incurring losses in expectafecond, these guar-
antees need to go far enough, but not too far. Defaults dusnglaimental reasons
still lurk around the corner, and excessive debt purchaaeagtees would then in-
variably lead to losses for the bailout agency. Third, therall default rates may
not change much, as the higher guarantees and the lowes ynaddn that the cur-
rent government can relax a bit in its efforts to repay itstdedel and incur more
deficits instead. The resulting higher debt levels in tharitvill then make future
defaults inevitable on occasions, but this time due to fomelgtal reasons rather
than buyers’ strike.

The restoration of the “fundamentals-only” equilibriumyrtze one interpreta-
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tion of why yields have declined in the Eurozone, followimg tOMT announce-
ment. This coordination on the “good equilibrium” does maply transfers to the
distressed country, as many critiques of the OMT progranticoa to fear. The
devil, however, is in the details, and it will be up to carafuaplementation of the
OMT program and tying purchases to market prices to avoill sansfers.

Our analysis is “positive”, not “normative”. The impatienof the government
and its objectives may well be different from those of theydapon, which a social
planner would take into account. On purpose, we therefdrainefrom assessing
the efficiency and welfare implications: these would reguadditional assump-
tions.
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A Proofs

Proposition 1

Proof:

1. Suppose thaB(z) # B(z). Then, (13) and (14) imply thag(z) < B(z).
It follows that for every Be (B(z), B(z)), vyyp(B,z) > vp(z) — x and
UND:a( B, ?) <wvp(z)—x. However, ifB, (B, z) satisfies (18), theoyp-4( B, z) >
vp(z) — x forall 0 < B < B(z), which is a contradiction.

2. Suppose thaB!(B,z) > B*(B,z). ForB > B(z), ¢"="(B’;z) = 0 for
anyB' > 0 per definition ofB(z). ForB < B(z), ¢"=9(B*(B, z); z) and
B*(B, z) are such that\p(B, z) > vp(z) — x + €(B, z). However, given
that utility is increasing and strictly concave,Bf,(B, z) > B*(B, z) then
UND(B, 2) < uNp-a( B, 2), Which is a contradiction given (18).

3. By definition ofB(z), the government choos&s (B(z), z) such that\p(B(z), z) =
vp(z) — x. The previous point shows th&, (B, =) cannot be greater than

B*(B,z). If B/(B,z) < B*(B, z), thenonp(B(z),z) < vp(z) — x, given
that utility is increasing and strictly concave, which isamtradiction.

4. Suppose, to get a contradiction, tlgt B,, z) < B! (B, z). Denote the con-
sumption level associated(tB,, B! (B, z)), (B2, B.(Bs, 2)), and( By, B, (B, z))
by ¢, co, @andc, respectively. Criterion (18) becomes

u(ca) + BE (B, (B, 2),7) | 2] = vp(2) — x + ¢
Then, by definition o3, we have
u(c2) + BE (B, (B, 2), 2) | 2] > u(é) + BE[v(B,(B1,2), 2') | 2]
Given thatty > ¢, we have
u(C2) + BE(B,(B1,2),2) | 2] > uler) + BE[v(B,(B1, 2), 2') | 2]
But, by definition ofB!,, we have
u(cr) + BE [v(B,(B1,2),7) | 2] = vp(2) = x + €

which is a contradiction.

Proposition 2
Proof:
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1. From proposition 2 in Arellano (2008) it follows that tkeis no contract
available{q™="(B'; z), B'} such that™=° (B’; z)(B'—0B)—(1—0) B > 0.
The definition of our minimal guarantee implies théjf( B, z) < B’. Thus,
the contrac{q™=" (B (B, z); z), B.(B, z)} is available to the economy and
it must be the case that=") (B! (B, 2); z) (B.(B,z) — 0B) < (1 — 0)B.

2. Suppose, to get a contradiction, th{ B,, z,) > B. (B2, 22). Denote the
consumption level associatedig, B. (B, z1)), (y2, B! (B, 21)), (y2, B, (B, z1) ),
and(yi, B.(Bs, z2)) by ¢1, ca, ¢, andé, respectively. By definition oB!,
B(/I(Bl, Zl) > B;(BQ, 252) ImpIIeS

u(1)+B0Np(B, (B2, 22)) < u(c1)+B0Np(B, (B, 21)) = u(y1)+Bop—x-+e

u(2)+B0Np(B, (B, 21)) > u(c2)+BUNp(B,(Ba, 22)) = u(y2)+Bop—x-+e

Also, by concavity of the utility function and part 2 of thisgposition, we
have

u(ya) — u(C2) > u(yr) —u(ér) = BONP(BL(B1,21)) — Up) +x — ¢

This implies thatu(y,) + Bop — x + € > u(é2) + Bonp (B, (B, 21)), which
is a contradiction.

3. This follows from criterion (18).
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