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Abstract

This paper asks whether a government can implement policies that help
to avert a crisis driven by self-fulfilling expectations. I consider two policies
that are often at the center of political discussions: an austerity and a fis-
cal stimulus. I find that under plausible conditions austerity decreases the
probability of a debt crisis, while a stimulus increases it. I show that endoge-
nous expectations amplify the effects of government policies so that even a
small policy adjustment can have significant effects. Finally, I find that pol-
icy uncertainty increases the attractiveness of austerity versus stimulus, but
decreases the overall impact of both policies.
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“[...] the assessment of the Governing Council is that we are in a situation now
where you have large parts of the Euro Area in what we call a bad equilibrium, namely
an equilibrium where you have self-fulfilling expectations. [...] So, there is a case for

intervening, in a sense, to “break” these expectations.”

Mario Draghi, Press Conference, Frankfurt am Main, September 6, 2012

1 Introduction

Sovereign debt crises are a recurring phenomena. After the turbulent 1980s and a
series of defaults in the late 1990s and early 2000s, sovereign defaults once again became
a hotly debated topic. One of the leading views on sovereign defaults, as exemplified
by the above quote, is that they are the result of an interplay between poor economic

fundamentals and self-fulfilling expectations]l]
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Figure 1: Economic and policy uncertainty in Europe 2005-2014.

It is important to note that confidence crises do not appear out of nowhere, but,
rather, are preceded by a deterioration of a debtor country’s economic situation and
an increase in economic and political uncertainty. Since investors often have access to
different sources of private information (or vary in their interpretation of common in-
formation), this increase in uncertainty translates into an increased dispersion of beliefs
among investors. As a consequence, individual investors, afraid that other investors
hold more pessimistic beliefs about the debtor country, may choose not extend new
loans even if they believe that debtor country is solvent, thus triggering a default. In-
deed, as shown in Figure [T} the recent European debt crisis was accompanied by both
an increase in dispersion of beliefs about the future economic prospects of EU countries

(Panel A) and an increase in economic policy uncertainty (Panel B).
Motivated by these observations, in this paper, I ask (1) whether a government can

implement policies that help to avert a crisis driven by self-fulfilling expectations; and (2)

!See, also, |Bocola and Dovis (2016, (Conesa and Kehoe| (2017), or \De Grauwe and Ji| (2013).



how the desirability of such policies depends on market participants’ expectations and
on the presence of economic policy uncertainty. I focus on two policies that have been
at the center of political discussion in Europe during the recent debt crisis: austerity
and fiscal stimulus (see Brunnermeier et al., 2016, Corsetti et al., 2013, and Reinhart
and Rogoff, 2010). My findings suggests that under plausible conditions, austerity tends
to decrease the probability of an imminent crisis, while stimulus tends to increase it ]
I also show that endogenous expectations amplify the effects of government policies so
that even a small policy adjustment can have significant effects. Finally, I find that the
presence of policy uncertainty further increases the attractiveness of austerity versus
stimulus, but tends to decreases the overall impact of government policies.

The paper consists of two parts. In the first part, I develop a simple model of
self-fulfilling debt crises in which crises arise as a result of an interplay between poor
fundamentals, foreign lenders’ expectations, and domestic households’ expectations. To
model dispersed beliefs and to endogenize expectations about sovereign default, I assume
that lenders and households do not observe the relevant fundamentals of the economy;,
but, instead, only receive noisy private signals. This realistic assumption not only cap-
tures the uncertainty surrounding the state of the economy during crises episodes, but
also transforms lenders’ and households’ expectations into endogenous equilibrium ob-
jects and restores the uniqueness of equilibrium within the class of monotone equilibriaE]
The resulting environment is rich enough to capture the main trade-offs faced by gov-
ernments during debt crises; however, in contrast to standard models of self-fulfilling
sovereign debt crises, it also links beliefs and expectations to economic fundamentals.

In the second part of the paper, I use the model to analyze which policies available
to the government can decrease the ex-ante likelihood of a debt crisis (i.e., prevent a
debt crisis). I show first that a change in the probability of default implied by any
policy adjustment can be decomposed into the product of the “direct effect” (the initial
effect of the policy change on the government’s incentive to default, holding households’

and lenders’ beliefs constant) and the “beliefs effect” (the change in the government’s

2To be precise, I provide conditions under which austerity and stimulus decrease the probability of
default and conditions under which they increase it. However, I argue that the conditions under which
stimulus works are unlikely to hold in practice, while those under which austerity works are likely to
be satisfied.

3Even though the model has a unique equilibrium outcome, a debt crisis is still driven by expec-
tations in the following sense: There is a region of the fundamentals where both crisis and no-crisis
outcomes are consistent with fundamentals, and whether a crisis occurs depends only on agents’ en-

dogenous expectations. In that sense, a crisis is self-fulfilling (see Morris and Shin, [1998)).



default decision implied by the adjustment in households’ and lenders’ expectations). I
show that the direct effect determines whether a given policy decreases or increases the
likelihood of a crisis, while the beliefs effect, which captures the role played by expec-
tations, acts as an amplification mechanism that always magnifies the initial response
of the economy. These novel results indicate that if the government wants to avoid
default, it can use expectations to its own advantage, as even a small policy change,
when amplified by adjustments in expectations, can significantly decrease the likelihood
of default.

I use the above observations to analyze the impact of an adjustment in a tax rate
and the impact of a fiscal stimulus on the probability of default. In the model, increas-
ing taxes decreases the government’s incentives to default by filling the government’s
financing gap when lenders are unwilling to provide the funding. On the other hand,
higher taxes distort investment and decrease future output, making it more difficult for
the government to repay the debt later on. I find that an increase in a tax rate tends
to decrease the probability of default as long as the initial level of taxes is not “very
high,” and I argue that this condition is typically satisfied in practice. I model a fiscal
stimulus as an increase in government investment financed with debt. A fiscal stimulus,
by increasing the output of the economy and, hence, government tax revenues, tends
to decrease the government’s incentives to default. On the other hand, the associated
increase in government debt makes defaulting more attractive. I show that the positive
effect dominates if the ratio of the government debt to the initial stock of capital in the
economy is sufficiently high. However, I argue that the conditions under which stimulus
works are unlikely to hold in practice. It follows that austerity is typically a preferred
option.

The above analysis was conducted under the assumption that the government always
implements its announced policies. However, debt crises are often accompanied by a
substantial uncertainty as to whether the government will go through with its plans (e.g.,
see Panizza et al., 2009). Indeed, according to the recent index of economic political
uncertainty constructed by Baker et al.| (2016)), this uncertainty reached historic heights
in Europe during the recent debt crises (Panel B of Figure [1)).

Motivated by these observations, I analyze how the presence of such uncertainty
affects the above results and find that the presence of such an uncertainty tends to
decrease the negative effect of austerity: Uncertain as to whether higher taxes will
be implemented, households do not decrease their investment as much as they would
otherwise. On the other hand, economic policy uncertainty decreases the benefits of
fiscal stimulus: Unsure of whether the stimulus will be implemented, households do

not expand their investment as much as they would otherwise. Thus, the presence of



economic policy uncertainty further strengthens the case for austerity relative to fiscal
stimulus.

However, I also find that economic policy uncertainty decreases the overall effect
of both policies on the probability of default. This is because agents, uncertain about
the final government decisions, do not adjust their expectations about the likelihood
of default as much as they do in the absence of economic policy uncertainty, which
implies that the amplifying effect of endogenous adjustments in expectations is weak.
In the extreme case, when a policy change is unexpected and agents’ information is very
precise, the beliefs effect is completely missing, and government policies cease to have
any impact on the probability of default. This last result provides a strong warning
against unexpected policy U-turns.

In the final part of the paper, I investigate numerically how the effectiveness of
the policies described above depends on the values of the model’s main parameters.
In addition, I look into the importance of the endogenous expectations (as captured
by the beliefs effect) in driving these adjustments and link their importance to the
characteristics of the economy. Finally, I investigate how my model’s predictions of my

model differ from those of a model in which crises are driven purely by fundamentals.

Related Literature — The framework developed in the paper unifies two popular
approaches to modeling self-fulfilling debt crises: the micro-funded general equilibrium
approach of (Cole and Kehoe| (2000) and the game-theoretic approach of global games
as in |Corsetti et al.| (2006) and |[Morris and Shin| (2006). The key difference between
my model and that of |Cole and Kehoe| (2000) lies in the information structure, which
captures the uncertainty surrounding debt crises and which leads to a unique equilibrium
in my model. The equilibrium uniqueness follows from global games literature started
by (Carlsson and Damme (1993)) and Morris and Shin! (1998)). |Corsetti et al. (2006]) and
Morris and Shin/ (2006]) use reduced-form global game models to study the effectiveness
of IMF' assistance in preventing a self-fulfilling debt crisis and the moral hazard that
such assistance creates. In a parallel work, [Zabai| (2014), uses global games to study
how the government can use tax and borrowing policies to manage probability of default
in a model in the spirit of (Calvo| (1988). In contrast to the above work, the focus of
this paper is on understanding the impact that endogenous expectations and policy
uncertainty have on the effectiveness of fiscal policies.

Models of self-fulfilling crises have a long tradition in the literature on sovereign
default, beginning with Sachs (1984) and |Calvo (1988). Following the debt crisis in
Europe, this literature has experienced a revival. (Corsetti and Dedola (2011} 2016])
and Aguiar et al.| (2013)) investigate how monetary policy can help to avoid a crisis.

Lorenzoni and Werning| (2013) focus on the role of the interest rate as the main driver
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of sovereign default. Finally, Cooper|(2013) studies the role of debt guarantees as a way
to avert a crisis within a federation of countries.

This paper is also related to the literature on sovereign debt in the spirit of [Eaton and
Gersovitz| (1981)), which is summarized well in |Aguiar and Amador (2014) and |Panizza
et al.[ (2009). More recently, this line of research has focused on developing quantitative
models of sovereign default that can account for the observed dynamics surrounding
the default episodes (see Aguiara and Gopinath, 2006; |Arellano, 2008; [Hatchondo and
Martinez, 2009; or Mendoza and Yue, 2012; and references therein). |Cuadra and Saprizal
(2008) study the role of political uncertainty quantitatively. In a recent paper, Bianchi
et al. (2017)) study optimal fiscal policy in the presence of default risk. Typically, this
strand of literature assumes away the possibility of a belief-driven crisis.

A large body of work, motivated by the recent events in Europe, studies policy re-
sponses to the recession that accompanied the European debt crisis. For example, using
a DSGE framework, Eggertsson et al. (2014) study the effects of structural reforms,
while (Corsetti et al. (2013) investigate the effects of fiscal and monetary policy adjust-
ments. My work complements these papers by providing an analysis of austerity and

fiscal stimulus in an environment with a self-fulfilling debt crisis and dispersed beliefs.
2 Model

There are two periods, ¢t = 1,2, and three types of agents: a continuum of identical
households, a continuum of identical lenders, and the government. The economy is char-
acterized by the average productivity level A, which is distributed according to a normal
distribution with mean A_; and standard deviation o4 — that is, A ~ N (A_;,0%).
Here, A_; denotes the past average productivity level in the economy, which all agents
know. The current average level of productivity, A, is realized at the beginning of
period 1 and is constant across the two periods, but it is initially unobserved by the
agents. Instead, households and lenders receive private noisy signals about A; its value

is revealed to everyone at the end of period 1.
2.1 Households

There is a continuum of identical households, indexed by i € [0, 1]. Households are

risk-averse and have preferences given by

> [log (cr) +log (1)) ,

t=1,2



where ¢; is private consumption and g; is government spending. Each household initially

is endowed with the same amount of capital k;, and has access to a production function:
yp = ZeM f (k)

where f (k) = k%, 0 < a < 1. Here, A; is a household-specific productivity level; 7 is
the aggregate productivity level, which depends on the government’s default decision;
and f is a production function that takes as inputs capital and, implicitly, inelastically
supplied labor. The proceeds from production are the only source of income for the
household and are taxed at a rate 7 > 0. Finally, capital fully depreciates each periodE]

Households receive their idiosyncratic productivity shocks A; at the beginning of

period t = 1. The idiosyncratic productivity is constant across time and given by
Ai =A + €iy

where ¢; is i.i.d. across households and is uniformly distributed on [—¢,¢], ¢ > 0. This
implies that A is the average level of productivity in the economy, and that knowing
A is equivalent to knowing the aggregate output. After the households observe their
respective productivity realizations, household 7 makes its investment decision; that is,
it chooses its capital stock, ki, for period 2. Households make these choices before
Z is determined (and before the actual production takes place). Thus, when making
their investment decisions, households face uncertainty regarding their future incomef’]
Households are committed to their investment decisions and they cannot adjust them
later. The production takes place at the end of period 1, after 7 is determined, at
which point the households invest the amount chosen earlier and consume the rest of
their income.

Households make no decisions in period 2. They simply use their capital to produce,

and they consume all of their after-tax income.
2.2 The Government

The government is benevolent and maximizes households’ utility. In each period ¢,

it provides households with public consumption goods, g;, and finances its expenditures

4The assumption that capital fully depreciates implies that the households’ optimal investment
choice is linear in e+, which simplifies the subsequent analysis.

>This assumption captures two realistic features of an investment process. First, investment takes
time and often requires prior planning. Second, investment decisions are made under uncertainty

regarding future economic conditions (in this case, uncertainty about Z ).



by taxing households’ income and (in period 1) by borrowing in the bond market. The
government enters period 1 with a legacy debt, By, which is due later in this period,
and it initially does not observe the average level of productivity in the economy, A.

At the beginning of period 1, the government announces an interest rate » > 0 at
which it is willing to borrow in the bond market. Once the households and lenders
make their choices, the government observes A and decides how much to borrow, Bs;
whether or not to default, d;; and how much of public goods to provide to households,
g1- In period 2, the government repays its debt, B,, if it did not default on it earlier,
and provides go to households. The government can default only in period 1, in which
case it defaults on all of its debt[]

Following the large literature on sovereign default, I assume that default is costly
and associated with a drop in aggregate productivity (and, hence, in output) by a factor
Z. In particular, when the government defaults, 7 takes a value Z < 1, while Z=1
otherwise. There is also an additional cost of default: If the government issues a positive
amount of debt at t = 1 (i.e., By > 0) and then decides to default, it faces a further
cost of default equal to £Bs, 0 < £ < 1. I interpret £ Bs as a “litigation cost” associated
with the legal battles between bondholders and the government following a default/]

2.3 Lenders and the Bond Market

There is a continuum of identical, risk-neutral lenders, indexed by j € [0, 1], each
with finite wealth b > 0. Lenders choose at t = 1 whether to participate in the bond
market or invest in a risk-free asset. The net return on the risk-free asset is normalized to
0, while the return from participating in the bond market is endogenous and determined
in equilibrium. Lenders do not observe the realization of the average productivity;

instead, each lender j observes a private signal z; about A where

rj=A+v;, v;~N(0,07),

6T allow for default only in period 1, because of an inherent asymmetry between the two periods
in the model. Since period 2 is the last period of the model, it is hard to support repayment as an
equilibrium outcome in that period — compared to period 1— because in period 2, the government
faces much smaller costs of default and lacks the ability to roll over part of its debt.

"Following a default, creditors tend to file a substantial number of lawsuits against a defaulting
government. For example, in the case of default by Argentina in 2001, there were over 140 lawsuits filed
abroad, including 15 class action lawsuits, in addition to a large number of lawsuits filed in Argentine
courts (Panizza et al.,|2009)). I interpret £B5 as the costs to the government associated with these legal

battles. For more discussion of this assumption, see Section H below.



with v; being 7.7.d. across lenders and independent of A and ¢;.

Only the government and lenders have access to the bond market. I assume that the
government has all the market power in the bond market, and, therefore, the government
sets an interest rate r at which it is willing to borrow new funds. Taking r as given,
lenders decide whether to supply their funds to the bond market, determining the total
funds available in the bond market, S. The government then chooses its new borrowing,
By, where By € [0, S]. After the government raises new funds, the bond market shuts
down and lenders invest the funds not borrowed by the government in storage. For each
unit of funds lent to the government, lender j receives a gross return of 1 + r in period
t = 2 if the government repays its debt, and nothing otherwise.

The above bond market structure differs substantially from a Walrasian market
typically considered in the sovereign debt literature. However, the assumption that
the government has all the market power in the bond market and the resulting lack
of learning from prices is not unrealistic. Most governments issue debt using sealed-
bid auctions and have considerable leeway in choosing the amount of borrowing based
on the bids effectively controlling the volume and, to a lesser extent, the priceﬂ This
auctioning mechanism also means that the price in the primary bond market cannot be

used directly to infer any information /]
2.4 Timing

The timing of period 1 is summarized in At the beginning of period 1,
nature draws the productivity level A, which is initially unobserved by the government,

as well as by the households and the lenders. Then, based only on the information

8For example, the Spanish government provides only a lower and upper bound on the amount of
funds, accompanied by a note says that says: “The announced issuance target is indicative and it
may be modified according to market conditions” (for more information see http://www.tesoro.es/en).
What this means is that, typically, if the demand is strong and bids are high, the government will
decide to issue more debt and at a lower interest rate than if the demand is weak and bids are low.
Thus, effectively, the government controls both the volume of and, to some extent, the interest rate on
its debt.

9Tf in the model, r were determined in a Walrasian market, then, in the absence of additional
frictions or additional sources of uncertainty, the interest rate would perfectly reveal the underlying
productivity. In order to prevent this, one would need to inject additional sources of uncertainty, in
which case the interest rate would act as a partially endogenous public signal. This would, however,
complicate the model without altering the main conclusions of the paper (see |Angeletos and Werning,

2006, Hellwig et al.l 2006l or |Tarashevi 2007|)
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Figure 2: Timeline

contained in the prior belief, the government sets an interest rate r, at which it is willing
to borrow from the lenders. Once r is announced, households receive their idiosyncratic
productivity shocks and lenders observe their private noisy signals about A. Given their
productivity shocks, households choose how much they want to invest, while lenders,
using their private signals, decide whether to supply their funds in the market. At this
point, the government learns the true A, and based on lenders’ and households’ decisions
and the realization of A, it decides how much it will borrow today, By; whether or not
to default, d;; and how much of public goods to provide to households, g;. Once
the government borrows its desired amount, the bond market shuts down, and the
lenders’ remaining funds are invested in the risk-free asset. Finally, at the end of the
period, production, actual investment, and consumption take place, and the average
productivity level is revealed to all the agents.

Period 2 is much simpler. At the beginning of the period, production takes place.
Then, the government collects the taxes, provides public goods, and, if it did not default

earlier, repays its remaining debt. Finally, households consume their after-tax output.
3 Equilibrium Analysis

An equilibrium in the model is defined as follows:

Definition 1 An equilibrium is a set of government policy functions {r, di, g1, go,
By}, a profile of households’ consumption and investment choices {c, ca, kz}ie[(),l], and

a profile of lenders’ supply decisions {B}je[ﬂ,l]’ such that:

1. {r,dy, g1, g2, Bo} solves the government’s problems at t = 1,2, taking households

and lenders’ decisions as given.

2. For every i, {ci,cy, ki} solves household i’s problems at t = 1,2, taking as given

the other agents’ decisions.

3. For every j, ° solves lender j’s problem, taking as given the other agents’ deci-

S10NS.
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The above definition of an equilibrium is standard, and it requires that all the agents
behave optimally in each subgame, taking the actions of the others as given.

The equilibrium can be computed by backward induction, starting with period 2 and
then moving to period 1. The key step is to solve simultaneously for the households’
investment choices, the lenders’ supply decisions, and the government’s default decision.
In what follows, I will focus on equilibria in monotone strategies. This greatly simplifies

the task of solving the model and renders the analysis more tractable.
3.1 Additional Assumptions

To simplify the analysis and ensure that the government problem is well-posed, I

make the following assumptions (listed below from the least to the most restrictive).
Assumption 1 The legacy debt is large enough, By > B for some threshold B;.

Assumption 1 ensures that if the government decides to repay its legacy debt, it will
find it optimal to borrow a positive amount. Otherwise, lenders stop playing any role

in the model.
Assumption 2 The wealth of each lender j is bounded by b (i.e., b <b).

Assumption 2 simply implies that the total liquidity in the bond market is finite.
This is a typical assumption in the models with risk-neutral traders and incomplete
information (see, e.g., Albagli et al., 2015)]1—_”]

Assumption 3 7 > Z; that is, output cost of default is not too large.

Assumption 3 implies that the output cost of default at time ¢ is bounded from below
by (1 — Z)Y;. This implies that the government’s optimal unconstrained borrowing, the

amount it would like to borrow if it repays the debt, is monotone in A.

Assumption 4 The “litigation costs” are large (i.e., £ — 1).

10For some parameters, this assumption is also needed to ensure that the difference in the value of

repaying and defaulting is sufficiently monotone. See Section A.1.3 of the Appendix.
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Assumption 4 implies that the main benefit to the government from defaulting comes
from repudiation of the legacy debt, Bi, rather than from defaulting on the new debt,
B, which seem to be the relevant case empirically. This assumption also ensures that
the government’s incentive to default decreases as the supply of funds in the market
increases, and is essential for establishing the existence of equilibrium|"]

Given the above assumptions, I now analyze the equilibrium of the model. T com-
pute the equilibrium using backward induction. Note that once the government makes
its choices of By, di, g1, no agent makes any decision and the equilibrium outcomes
are determined. Therefore, I begin the analysis by describing the government’s new

borrowing, default, and spending decisions in period 1.
3.2 Period t = 1: The Government’s Decisions

The government decides how much to borrow, whether or not to default, and how
much to spend to maximize the households’ utility, internalizing how each of these
decisions affects consumption, aggregate productivity, and future tax revenues. The
government makes these decisions after observing households’ investment decisions, the
supply of funds in the market, and the average level of productivity in the economy.

Let ky = {ké}ie[o,l]’ and let VT (A, ks, S) be the value to the government of repaying
its debt when the average productivity is equal to A, the households’ investment profile
is ko, and the supply of funds in the bond market is S. Then, V;® (A, ky, S) is given by

Vi (A ks, S) = max { /0 1 [1og (c;‘;’R) +log (gf)] d@'}

B2€l0,8] =

st. gt =7YR - B, + B,
gt =1YE — (14 7) By,

where gt is government spending in period ¢ and Y;® is the aggregate output at time ¢
if the government repays the debt. When the government decides to repay its debt, it
chooses its new borrowing, Bs, to maximize households’ utility, subject to the available

funds in the market, S, and its budget constraints.

'Note that a high ¢ is needed to ensure that there is a region where the government is exposed to
self-fulfilling beliefs. For example, in |Cole and Kehoe| (2000) £ = 0, and, as a consequence, they can
ensure the existence of such a region at extreme parameter values only. A separate issue arises from
the fact that, in my model, lenders and households have incomplete information. As Kletzer| (1984)
notes, in debt crises models with asymmetric information, an equilibrium may not exist. Assumption

4 ensures that this is not an issue.
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Let VP (A, ko, S) be the value associated with defaulting; that is,

1 .
VP (A kg, S) = Bgré?gs] t_zm {/0 [log <C;,D> + log (gtD)] di}

If the governments defaults, it borrows the maximum possible amount in the market
(i.e., By = S) and then repudiates all of its debt, and both of these actions tend to
increase government spending in period 1. When ¢ — 1, this effect of borrowing as
much as possible vanishes, and the main benefit of default is an increase in the ¢g; due
to repudiation of the “legacy debt” B;. The negative effect of defaulting is a drop in
aggregate productivity by factor Z.

When deciding whether or not to default, the government compares V% (A, ko, S)

with VP (A, ks, S) and chooses to repay its debt if and only if the value associated with

repaying is larger than the value associated with defaulting; that is, if and only if
(1) AV (A ks, S) = VI (A, Xk, ) = VI (A, Ky, 5) > 0

3.3 Default Decisions and the Fragility Region

For sufficiently low productivity levels, the government finds it optimal to default,
regardless of the households’ and lenders’ actions — when A is low, defaulting leads
to an increase in government spending. On the other hand, when the average level of
productivity is high, the government always finds it optimal to repay the debt. Intu-
itively, for high A, defaulting not only leads to a drop in private consumption, but also
results in less government spending. Accordingly, for each interest rate r, there exist
two thresholds, A (r) and A (r), such that the government always defaults if A < A (7)
and never defaults if A > A (r)

For all A € [A(r),A(r)), the government’s default decision depends on the house-
holds’ and lenders’ choices. If the lenders expect default, they invest all of their funds in
the risk-free asset. In this case, the government cannot roll over its debt, and, hence, re-
paying B; becomes very costly in terms of the forgone utility from government spending.
If, on the other hand, the households expect default, they decrease their investment,
leading to a drop in the government’s revenues (taxes) in the future. This translates

into a drop in government expenditures in both periods (since the government smooths

12While thresholds A (r) and A (r) also depend on all parameters of the model ,for notational

convenience, I suppress this dependence.
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Figure 3: Fragility Region

out the drop in its revenue across time) and leads to a higher cost of repaying the legacy
debt. If A € [A(r),A(r)), these costs are large enough that, in response to a shift in
households’ or lenders’ expectations, the government finds it optimal to default. Figure
depicts the fragility region [A(r), A (r)).

3.4 Households’ Problem

Consider household 7 with an idiosyncratic productivity shock A; that must choose

how much to invest. This household’s problem can be written as

max F Z llog (c¢) + log (g¢)]

k2 t=1,2
st ey = (1—1) 29 @A f (k) — ks
Cy = (1 — 7') Zdl(a)eAif (kg) s

Ai,O'

where o ={ko, B,7,d1, g1, 92, B2} is the strategy profile of all players, and the expec-
tations are taken over the government default decisions, d; (), as well as over the
average level of productivity, A. Household i chooses ks to maximize its utility, subject
to the budget constraint, taking o as given. Lemma [1| characterizes households’ opti-
mal investment when they believe that the government will always default if the average

productivity is less than A*.
Lemma 1 Suppose that the government defaults if and only if A < A*. Then, household

1’s optimal investment is given by
]{?2 = (1 — 7') BAif (kl) A (Au g, A*) s

where A (A;; e, A*) is increasing in the idiosyncratic productivity, A;, and decreasing in
the default threshold, A*[7|

13See Section A of the Appendix for the exact definition of A (A;;e, A*).
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3.5 Lenders’ Problem

Simultaneously with the households’ investment choices, the lenders must decide
whether to supply their funds to the bond market or to invest their funds in storage.
Lenders base their decisions on the prior belief about A and their private signals, z;.
Let R (o) be the government repayment set for a fixed strategy profile o. Then the
expected payoff to lender j from supplying the funds to the bond market is given by

. By (4;0) .
/ <1+rm1n{1, STAB) })f(A| ;) dA,

AeR (o)

where f (A|z;) is lender j’s posterior belief about A, By (A; o) is the unconstrained
desired borrowing by the government in repayment, and S (A; 3) is the supply function
implied by the lenders’ supply strategy profile 3. Finally, min {1, B (A;0) /S (A; ,6)}
is the amount that lender j expects to lend to the government, given that the average
productivity level is A Lender j supplies his funds to the bond market if and only if
the expected return from supplying the funds is higher than 1, the return from investing

in storage. The next lemma characterizes lenders’ behavior.

Lemma 2 Suppose that the government defaults if and only if A < A*. Then, an
optimal strateqy for each lender j is to supply the funds to the bond market if and only

if he receives a signal x; > x*. Moreover, x* is the unique solution to the equation
! BE (A; o)
1 inql, —2—- Alz*)dA =1
/<+rmm{, STAx) })f( |z*) ,
A*
where S (A;x*) is the supply function when all lenders follow this strategy.

3.6 Equilibrium Default Threshold

Above, I characterized the optimal behavior of each type of agent. This, in turn,
allows me to prove the following proposition, which states that for any interest rate r

there exists a unique equilibrium in monotone strategies.

Proposition 1 There exist € > 0 and 7, > 0 such that for any interest rate r, any € €
(0,2], and any o, € (0,7,], the model has a unique equilibrium in monotone strategies

where the following hold:

YFor all A ¢ R (o), the government borrows all available funds in the market and then defaults,
implying that, in this case, lender j earns nothing. If A € R (o), the government would like to borrow

R.u
B,
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1. The government defaults if and only if A < A* (T)B
2. Each lender provides the funds if and only if x; > x* (r).
3. Households’ investment rules, ko, are increasing in A;.

The proof of Proposition 1 builds on the insights and results of |Athey| (1996) and
Morris and Shin (2003). The above result is non-trivial for several reasons. First diffi-
culty comes results the fact that in the model, the global game is played by three different
types of agents, each with its own preferences and choice sets. Second, the lenders’ payoff
function satisfies only a weak single-crossing condition, rather than global strategic com-
plementarities, as in typical global gamesm Finally, the regime-change condition (i.e.,
the condition that determines whether default will occur) arises endogenously from the
government’s optimal behavior — unlike in the typical global games literature, where

it is exogenously imposed.

Repayment

Productivity (A)

- Default

Interest Rate (r)

Figure 4: Default Threshold

depicts the equilibrium default threshold A* as a function of the interest
rate 7. We see that A* (r) is a non-monotone function of . To understand this, note
that when the interest rate is low, few lenders supply their funds to the bond market.

As a result, the government finds it optimal to default for most productivity values in

15The default threshold A* () depends also on all the parameters of the model such as the tax rate
7, the capital stock k1, the legacy debt By, etc. For notational convenience, I suppress this dependence
whenever this does not lead to a confusion.

16 Applying global games results in a complex environment in which payoff functions satisfy only the
weak single-crossing condition, rather than global strategic complementarities, is not without cost. In
particular, I need to restrict my attention to monotone strategies. [Morris and Shin| (2003) discuss why,

in general, the single-crossing condition is not enough to prove uniqueness without such a restriction.
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the “fragility region.” As r increases, the supply of funds increases since higher r com-
pensates lenders for exposing themselves to default risk. At the same time, households’
investment rules shift upwards since they anticipate that the government will choose to
repay the debt for a larger set of productivity levels. This decreases the government’s
incentives to default and leads to a lower A* (r). A higher interest rate, however, in-
creases the costs of rolling over the debt, discouraging the government from smoothing
debt repayment over time. This tends to decrease the value of repaying debt to the
government. For sufficiently high r, this negative effect dominates, implying that A* (1)
becomes an increasing function of r.

It is important to stress that, while the default threshold is unique, the outcome of
the model in the fragility region is driven fully by households’ and lenders’ expectations.
For all productivity levels in the fragility region, both repayment and default could be
supported as equilibrium outcomes if we had the freedom to choose the lenders’ and
households’ expectations. However, the households’ and lenders’ expectations are not
free objects. An incomplete-information structure transforms beliefs into equilibrium
objects and requires them to be sequentially rational and consistent with agents’ strategy
profiles. This imposes requirements on the beliefs that are not present in the complete-

information game.
3.7 Optimal Choice of r

It remains to characterize the government’s optimal choice of interest rate, r. The
government chooses the interest rate based on the current and past fundamentals of
the economy, {Bj, k1, A_1}. The government also knows its future policy functions
{d1, g1, g2, B2} and realizes that it can affect consumption, investment, and the supply
of funds through its choice of interest rate. To choose the optimal interest rate, the
government solves the following problem:

W(A,l,Bl,kl;O') = max F A,l

Z /0 [log (¢}) + log (g:)] di

t=1,2

s.t. optimal policy functions {cy,co,d1, Ba, g1, 92}
optimal lenders’ and households’ strategies {3, k,} .

When choosing the interest rate, the government faces the following trade-off: On the
one hand, at least initially, a higher r tends to decrease the default threshold. On the
other hand, a higher r increases the cost of borrowing at t = 1, making it more costly
to roll over the maturing debt. Thus, the government weighs the positive effect of a

lower default threshold against the increase in the borrowing costs. The above trade-off
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implies that the government will always set an interest rate on the decreasing portion

of the A* (r)-curve.
4 Preventing Self-fulfilling Debt Crises

Having characterized the equilibrium of the model, I now focus on the main questions
that motivated this paper: (1) how the government can decrease the ex-ante probability
of default (i.e., prevent a debt crisis), and (2) what role endogenous expectations play
in determining the effect of government policies on the probability of crises.

I start by considering a case in which each policy change is announced in period 1,
before the households and lenders make their decisions but after r is set, and in which
the government is committed to implementing the announced policies. The policy itself
is, however, is not implemented until the end of that period. These assumptions are
made for simplicity and allow me to focus on the fundamental forces at play in the
model, while abstracting from the effects of other factors. I relax these assumptions
in the following sections. In Section [5 I analyze what happens if either the policy
adjustment is unexpected or if there is uncertainty as to whether the government will
implement the announced policy. In Section [E| of the Appendix, I analyze the case in
which the policy announcement is made before the interest rate is set. depicts

the timing for the policy adjustment considered in this section.

Policy Policy
Announcement Implementation
t=1 : : t=2
| y y |
| T T T |
Choice of r Lenders' & The governments’
households decisions
decisions

Figure 5: Timing of Policy Adjustments

In order to simplify the analysis and make the problem more tractable, I make the

following assumption:

Assumption 5 By is large enough so that for all A > A(0), the government’s desired

borrowing in repayment exceeds the supply of funds in the market[|

"Recall from Section that A (0) is the lower bound for the fragility region when r = 0. Thus,
it is the productivity level below which the government will always default, regardless of the interest

rate and regardless of the households’ and lenders’ decisions.
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Assumption [5] simplifies the problem by eliminating the issue of competition between

lenders in the bond market, in which case the lender’s problem can be solved in closed
form ™8]

4.1 Equilibrium Effects of Policy Adjustments

Before analyzing specific policies, it is useful to understand the equilibrium forces
that are at play when the government adjusts its policy. For this purpose, consider an
abstract policy adjustment, captured by a change in a parameter z/)[g] We would like
to understand how a change in ¢ affects the ex-ante probability of default, which, for
a given interest rate r, is given by Pr (A < A*). This preliminary abstract analysis has
additional advantages: (1) It highlights how dispersed beliefs and endogenous expecta-
tions affect the impact of government policies, and (2) it helps us understand how and
when predictions of the model with dispersed beliefs will differ from the predictions of
the models in which defaults are driven only by fundamentals.

Let A** denote households’ and lenders’ belief regarding the default threshold (where,
in equilibrium, we have A* = A**, as agents’ beliefs have to be correct). We have the

following Proposition.

Proposition 2 The change in default threshold implied by the adjustment in a policy

parameter v 1s given by

J/

@) dA* 1 " 0A* . 0A* Ox* n oA akédi
dip 1 _ A oar Loar 0Ky 4. oy drr N J, OkL O

dx* 9A*= ~ JO Ok} 9A**
Direct effect (D)

-

beliefs ;j,ﬁ”ect (B)
The beliefs effect is always strictly greater than 1 so that sgn (dA*/dy) = sgn (D).

The above Proposition establishes that the effect of an adjustment in any parameter
1 on A* can be decomposed into the direct effect and the beliefs effect. To understand
the intuition behind Equation , consider a change in ¢, but first keep households’
and lenders’ beliefs about A* constant. Then, a change in 1) affects the government’s
incentive to default by changing the difference between the values of repaying and de-
faulting on the debt. This effect works through the government’s indifference condition,

which I denote by 0A*/0vy, since it corresponds to the partial effect of a change in

18While Assumption [5| simplifies the comparative statics analysis, it does not affect its underlying
logic. In particular, Proposition [2  holds in the same form, regardless of whether we impose Assumption
For a more detailed discussion of the consequences of this assumption, see Section E of the Appendix.

Y For concreteness, one can think of this policy as an increase in taxes, in which case ¥ = 7.
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policy, keeping the strategies of households and lenders fixed. Moreover, the policy
change potentially affects households’ and lenders’ decision problems, thereby leading
households and lenders to adjust their strategies and, in turn, bringing about a further

change in the government’s incentive to default (these effects are captured by terms

OA* ks 3 DA® Oa*
Ok 00 and 575 R

default threshold, keeping households’ and lenders’ expectations fixed.

respectively). Thus, the “direct effect” is equal to the change in the

The households’ and lenders’ expectations, however, are not fixed. In response to
this initial change in the default threshold, the households and lenders adjust their
expectations and, thus, their strategies, which leads to a further change in A*, induc-
ing another round of adjustment in the households’ and lenders’ expectations and so
on. Thus, “beliefs effect” captures the change in the default threshold driven by the
adjustment in households’ and lenders’ expectations.

Proposition [2] leads to three important implications. First, whether a change in a
government policy increases or decreases the probability of default is determined by
the “direct effect.” Thus, to establish whether a given policy decreases or increases
the likelihood of a debt crisis, one can focus on understanding how the policy affects
the government’s incentive to default, holding agents’ beliefs. Second, adjustments in
endogenous expectations always amplify the initial impact of any policy adjustments
and, thus, are key to quantifying the impact that any policy has on the probability of
default (see Section [f] for the analysis when this effect is particularly strong). Third,
the presence of dispersed beliefs affects the qualitative predictions of the model: Even
though the “direct effect” captures intuitive forces that are present in standard models,
these forces are distorted by the presence of dispersed information. Intuitively, the direct
effect of a given policy depends on the agents’ behavior without the policy change, as
well as on their response to a change in a policy, both of which are distorted by the

presence of dispersed information (see Section [7| for a more detailed analysis).
4.2 Overview of Policies

Using the above insights, I now analyze two policy measures that received a lot
of attention in policy debates during the recent sovereign debt crisis in Europe: (1)
austerity (increase in taxes) and (2) a fiscal stimulus (financed with debt). The European
debt crisis generated a lively debate about the ability of the above policies to prevent
debt crises (see Brunnermeier et al., 2016). Below, I describe how each of these policies

is introduced into the model.
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Increase in Taxes In the model, a rise in the tax rate is captured by an increase
in 7, the fraction of output that the government takes away from households. Below,
I consider the case where once adjusted, 7 is kept constant across periods and is the
same regardless of whether the government defaults. This fits a scenario in which the
government finds it difficult to change tax laws once they have been enacted (for example
because of the lengthy political process it involves). In Section B of the Appendix, I
consider the situation in which higher 7 is implemented only if the government repays
the debt, a case that is relevant when policymakers are willing to increase taxes only to
avoid default, and once default occurs, they are likely to abandon this idea. The results
are similar for both cases.
Fiscal Stimulus I model fiscal stimulus as an increase in the initial capital stock of
each household from k; to (1 + s) k; financed by the government, where s measures the
size of the stimulus as a percentage of the initial capital stock. Thus, if the government
decides to engage in a stimulus, the total output of the economy will increase" I do not
explicitly model the government’s financing decision. Instead, I assume that to finance
a stimulus, the government issues additional debt at the end of the period preceding
period 1. I consider separately the case where this additional debt matures at the end
of period 1 together with B; (short-term debt financing with interest rate r°7 > 0) or
in period 2 (long-term debt financing with interest rate r7 > 0).
4.3 Increase in Taxes

As explained above, to understand the effect of an increase in the tax rate 7 on the
default threshold, it is enough to focus on its direct effects. A higher tax rate leads to

a change in the government’s incentives to repay debt equal to

}GR (uR —uﬁ) —|—Y2R (uR —UZ)J—’—}/lR(l —Z)uﬁ +Y2R(1 —Z)uD

g1 92 92,
Concavity effect Differential increase in tax revenues
o
. R ( R D)
(3) - 7_TY2 Uy, — Zuy,),
. g
Vv

Investment distortion

20This is a simple way to model a fiscal stimulus in the current framework. One should interpret
the increase in k1 not as an increase in physical capital owned by households but, rather, as an increase
in government spending on public goods and services that enhance production (e.g., an increase in
expenditure on infrastructure or on the maintenance of the rule of law). An alternative way to model
stimulus would be to explicitly allow government spending to enter the production function; that is,
to write the household production function as yi = e?f (ki,h;), where h; explicitly captures the
government expenditure that is important for production. However, the qualitative conclusions would

remain unchanged.
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B and u?

where o e

are the marginal utilities from government spending in period ¢ in
repayment and default, respectively, and Y, is the total output of the economy in period
t in repayment, all evaluated at the threshold productivity level A*. If the expression
in (3) is positive, then the government’s incentive to repay its debt increases following
an increase in 7Pl

The expression in (3)) tells us that an increase in the tax rate affects the government’s
default incentives through three channels. First, a higher 7 implies higher tax revenues.
Since at A*, the government’s spending is lower in repayment than in default, the
concavity of the utility function implies that a given increase in government spending
leads to a greater increase in the value of repaying than in the value of defaulting, thus
decreasing the government’s default incentive (the “concavity effect”). Second, since
the total output is higher in repayment, a given increase in the tax rate translates into
a greater increase in tax revenues in repayment than in default, further decreasing the
government’s default incentives (the “differential increase in tax revenues”). The last
term captures the negative effect of higher taxes on households’ investment decisions,
where a/ (1 —7) is the rate at which output decreases with higher taxes, and u}, —
Zug measures how “painful” this decrease in spending is to households in repayment

compared to default (the “investment distortion”).

Proposition 3 There exists T > 0 such that for all T < 7, an increase in taxes decreases

the probability of default. Moreover, if 0, — 0 and r x b < By, then > 1/ (1 + ).

The above proposition states that if the initial tax rate is not “too high” (i.e., 7 < 1),
then an increase in the tax rate will decrease the probability of default. This result
follows from the observation that the “investment distortion” «/ (1 — 7) is a convex
function of 7, and for high values of 7, it dominates the positive effect of higher tax
revenues. The second part of Proposition [3] states that if the supply of funds in the
bond market (which, when lenders have precise information, is bounded from above
by rb) is lower than Bj, then an increase in 7 decreases the default threshold for all
7 < 1/(1+«). In other words, if the government is unable to roll over all of its
debt, then an increase in taxes necessarily decreases the probability of default for all
T<1/(1+ ).

2IThe expression in (3) corresponds to ZAV (A* ks,2*;9). The direct effect is equal to

a%AV (A* ko, x*;1) divided by f%AV (A* ko, z*;1) < 0. In particular, the sum of the concav-

ity effect and the differential increase in tax revenues divided by — ai* AV (A* ko, x*; 1)) is equal to

%’ while the expression for investment distortion divided by —%AV (A*, k2, xz*; 1)) corresponds to

OA™ Okg :
oh; 8715 in Equation .
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How likely is this last condition to be satisfied in reality? Note that, in the model,
a can be interpreted as the capital share of output, and, thus, o ~ 0.33. The average
ratio of government tax revenues to GDP in the Eurozone in 2011, was according to
Eurostat, about 0.4 (translating into 7 ~ 0.4 in the model). This implies that the
sufficient conditions for austerity to decrease the probability of default during the recent

European debt crisis were likely satisfied.

The next result further strengthens the case for austerity. It shows that when the
initial expectations about the current economic situations (as captured by A_;) are
low, then an increase in the tax rate will decrease the probability of default even if 7 is

already very high.

Corollary 1 For any 7 € (0,1), there exists A_, (7) such that if Ay < A_, (1), then
dA*/dr < 0.

While this result might seem surprising at first, it is intuitive: When A_; is low,
lenders are unwilling the supply the funds to the bond market unless they receive very
high signals, which implies that the total amount of funds available in the bond market
is low. As a consequence, for low enough A_;, the government is able to borrow very
little, and the only way it can repay the debt and avoid default is by increasing its

revenues. An increase in 7 is one way to achieve this.
4.4 Fiscal Stimulus

Now consider the effect of a fiscal stimulus on the probability of default. A fiscal

stimulus leads to a change in the government’s incentives to repay debt equal to

ayR ayR ayR ayR
1 R D 2 R D 1 D 2 D
T u, —u, )+T u,, —u, )+ U u. | T(l—2Z2
N 68 ( g1 gl) 88 ( g2 92)1 as g1 88 g2 ( )
Concavity effect Differential increase in tax revenues
R ti
(4) —ug (147" ky

TV
Increase in debt

where "™ € {757 1T} is the interest rate on the debt issued to finance the stimulus,

R

JY,/9s is the increase in output in period ¢ resulting from the stimulus, and where u e

u}) and Y;* are defined as in Section .
The expression in tells us that a fiscal stimulus affects the government’s default

incentive through three channels: (1) the “concavity effect”; (2) a differential increase
in government tax revenues in repayment and default (both of which were also present
in the case of a tax increase); and (3) a negative effect due to an increase in the govern-
ment’s debt burden (equal to u} (1 + r5T) ky if the stimulus is financed with short-term
debt, or to u;; (1 + TLT) ky if financed with long-term debt).
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Proposition 4 Consider a stimulus financed with short-term debt. There exists B,
such that the stimulus decreases the probability of debt crisis if and only if By > B.
Moreover, By /ki >(14r5T) L,

Proposition [4] establishes that a stimulus decreases the probability of default if and
only if the debt to capital stock ratio is high. The intuition behind this observation is
simple: A higher B; implies a higher marginal benefit from an increase in output in
repayment, while a higher £, implies a higher cost of increasing capital stock by a given
percentage. Proposition [4 provides also a necessary condition for the stimulus to work:
The ratio of debt to capital has to be larger than é

It is important to stress that, even though the above proposition identifies conditions
under which fiscal stimulus financed with short-term debt can work, these conditions are
unlikely to hold in practice. Since a can be interpreted as the capital share of output so
that a &~ 0.33, the above proposition suggests that in order for a fiscal stimulus financed
with short-term debt to work, one needs a capital to debt ratio in excess of 3. This
is unlikely to be the case for most countries. For example, this ratio is less than 1 for
Eurozone countries, suggesting that stimulus was not a valid option for the governments
during the recent European debt crisis/’]

When a stimulus is financed with long-term debt the necessary condition for the
stimulus to work becomes B; /K1 > (14057) L (uf /ult). Since ufl / uf;; < 1 as long as r*T
is not significantly higher than 7, the condition under which a fiscal stimulus financed
with long-term debt decreases the probability of default is less stringent compared to
that with short-term debt financing. However, even this condition is unlikely to hold
since it would require an implausibly large drop in government spending in period 1

compared to period 2@
5 Economic Policy Uncertainty and Its Consequences

Above, I considered a situation in which a policy change was expected by both
households and lenders. In this section, I investigate how the above results change if

the households and lenders are uncertain as to whether the government will adjust its

22The capital-output ratio for most Eurozone countries is above 3 (see Penn World Tables, [Feenstra
et al., 2015) while the debt-to-GDP ratio is smaller than 2.

231n equilibrium, the government expenditure in period 1 is always lower than in period 2 in repay-
ment, as the government is unable to smooth debt repayment over time.

?4Given that, for most countries, = ~ 3 and By /k1 < 1, we would need the government spending in

period 2 to be three times higher than in period 1 in order for this condition to be satisfied.
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policies. The analysis is motivated by the observation that, often, there is a strong
disagreement among policymakers regarding the political and economic desirability of
given economic policies, thereby giving rise to a substantial policy uncertainty. Indeed,
as discussed in the introduction (Figure 1), there was a large spike in such an uncertainty
during the European debt crisis’| Thus, it is important to understand if and how such
uncertainty distorts the effectiveness of austerity and stimulus.

I consider two cases. First, I investigate the model’s predictions when a policy change
is unexpected by lenders and households. This case describes a situation in which either
government announcements have no credibility (so that agents do not believe there will
be any policy change), or the government decides to do an unexpected U-turn on its
economic policy. Second, I analyze a situation in which households and lenders expect
that the government to adjust its policy with probability p € (0,1). Otherwise, there

are no changes compared to Section
5.1 Unexpected Policy Adjustment

Proposition 5 Suppose that a policy change is unexpected. Then,

dA*  9A*
dp 0P

Moreover, dA*/dy — 0 as €,0, — 0.

Proposition [9| tells us that when a policy change is unexpected, the change in the
default threshold is equal to the direct effect that the policy has on the government’s
incentives to default. Since agents expect no policy adjustment, their strategies are
unchanged, implying that the beliefs effect and the part of the direct effect that op-

erates through households’ and lenders’ choices are absent. Moreover, in the limit, an

25 Policy uncertainty played an important role in Greece, where after winning the unexpected early
elections in January 2015, the Syriza-led coalition stopped implementation of reforms, only to suddenly
change its mind six months later, but not until after pushing Greece to the verge of default. This issue
also played an important role in Italy. In response to the crisis, the Italian parliament formed a
technocratic government, with Mario Monti as prime minister, to implement a package of structural
reforms. Lacking political support, the government was less successful than expected in passing the

reforms.
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unexpected policy change becomes completely ineffective as the direct effect converges
to 0

This last result provides a strong warning against unexpected policy U-turns so that
agents are not surprised by the government actions. It also worth emphasizing that the
same logic applies to policy announcements that agents view as not credible, and, hence,
governments should strive to communicate their policy plans not only in advance, but

also in a credible manner.
Corollary 2 Suppose that a policy change is unexpected and that €, 0, > 0.

1. An increase in the tax rate T always decreases the government’s incentives to

default.

2. A fiscal stimulus financed with short-term debt decreases the government’s incen-

tives to default if and only if

unexrp __ a(Bl_BQ) . (1+TST)]€1 >0
ST Y1 —Bi+ By 7Y1— B+ By ’

while in case of long-term debt financing the relevant condition is

unexp « (Bl - BQ) . (]' + TLT) kl >0
T T Y, —Bi+ By 1Ya—(1+1)Bs

The above corollary implies that, as long as €,0, > 0, an unexpected increase in
the tax rate always leads to a decrease in the probability of default. This is because
the negative effect of higher taxes on households’ investment choices is now absent (no
investment distortion). On the other hand, a fiscal stimulus, if unexpected, leads only to
an expansion of output in period 1; households keep their investment strategies constant,
as they do not expect any change in the economy. As a consequence, a fiscal stimulus

is now more likely than before to increase the probability of default. It follows that if

26To understand this, consider lender j who can observe the actual A. Lender j would lend to the
government if and only if A > A** where A** corresponds to households’ and lenders’ beliefs about
the default threshold. Thus, lender j will not respond to any policy change unless it also leads to
a change in A™*; that is, it leads to a change in other agents’ beliefs. But, since a policy change is
unexpected, agents’ beliefs are fixed and A** is unchanged. This implies that lender j does not adjust
his behavior following the policy change. While in the model, lenders cannot observe true A, as o, — 0,
the uncertainty about A disappears and we converge to the case described above. Similar logic applies

to the behavior of households.
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the government lacks credibility or if it suddenly decides to act, austerity is a better
option than stimulus. However, it should be kept in mind that, in light of Proposition
[}, the overall effect of these policies on the probability of default will be rather small,

especially when households’ and lenders’ private information is precise.
5.2 Uncertainty about Reforms

Next, I consider a case in which agents expect the government to implement a given
reform with probability p € (0,1). Let dA*/dv (p) denote the total change in the default
threshold when the agents expect the policy to be implemented with probability p and
the government does implement the announced policy. It can be shown that, in this
case, we havef'|

dA* dA* DA*
0 (p)zpdw (1)+(1—p)W,

Thus, a change in the default threshold is a weighted average of the change in the de-

(5)

fault threshold when there is no uncertainty (dA*/diy (1)) and when the policy change
is unexpected (0A*/01). Intuitively, when agents expect that the policy will be imple-
mented with probability p, their response to the prospect of the policy adjustment is
proportionately less than in the case of no economic policy uncertainty. This results
in an adjustment of the default threshold equal to p% (1). On the other hand, with
probability 1 — p, households and lenders do not expect the adjustment, in which case,
if the policy adjustment happens, it is driven by the direct change in the government’s
default incentive (and, hence, the adjustment in A* is equal to the change in the default

threshold when the policy adjustment is unexpected).

Proposition 6 Suppose that agents attach probability p € (0,1) to the announced policy

being implemented.

1. Then, an increase in T decreases the probability of default for a wider range of

initial conditions than in the case of no uncertainty (p = 1); that is,

dA* dA*
1
dr 1) <0 = dr

(p) < 0 but not vice versa.

2. Then, a fiscal stimulus decreases the probability of default for a more limited range
of initial conditions than in the case of no uncertainty (p = 1); that is,
dA* dA*

0
7 (p) <0 = .

(p) < 0 but not vice versa.

2TFor more details behind the derivations of Equation , see Section [C] of the Appendix.

27



3. If € and o, are small then % (p)‘ < ‘d@* (1)‘

Proposition [6] shows that the conclusions obtained in the case of unexpected policy
changes extend to the case when policies are implemented with positive probability.
In particular, Part 1 establishes that, in the presence of uncertainty as to whether
the government will implement announced policies, an increase in taxes is an effective
way to decrease the likelihood of a crisis for a wider range of initial conditions. The
intuition behind this result is the same as before: Uncertain as to whether higher taxes
will be implemented, households do not decrease their investment as much as they
would otherwise. Similarly, Part 2 establishes that, in the presence of such uncertainty,
the range of conditions under which fiscal stimulus decreases the likelihood of a crisis
shrinks. Thus, the presence of policy uncertainty strengthens the appeal of austerity
compared to stimulus. However, as shown in Part 3, in both cases, economic policy
uncertainty decreases the overall effect that both policies have on the default threshold.

Proposition [6] leads to two conclusions. First, economic policy uncertainty is unde-
sirable, as it decreases the overall effectiveness of government policies. Second, in the
presence of economic policy uncertainty austerity is relatively more preferred option

compared to stimulus.
6 Numerical Analysis and the Role of the Beliefs Effect

Above, I analyzed analytically how fiscal stimulus and an increase in taxes affect
the government incentives to default and how these effects depends on the degree of
economic policy uncertainty. In this section, I complement the above analytical results
with a numerical investigation. In particular, I investigate numerically: (1) whether
for reasonable parameter values, the government policies considered above tend to de-
crease or increase the probability of default; and (2) when the effect of expectations is

particularly important (i.e., when is the beliefs effect large?).
6.1 The Role of the Beliefs Effect

Since the beliefs effect captures the role of expectations, we should expect that it
plays an important role if changes in households’ and lenders’ expectations have a rela-
tively strong impact on the value to the government of repaying its debt or defaulting.
Below, I argue that households’ and lenders’ beliefs have a strong impact on the gov-
ernment’s decisions when households tend to invest a high fraction of their income and
the government’s desired borrowing is high.

Households’ expectations are important if the difference between the investments

of a pessimistic household and an optimistic household (holding the productivity level
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constant) is large since, then, an adjustment in households’ expectations will lead to a
large change in total output and, hence, in tax revenues. Since this difference is equal

to
o

ki —ky = (1= 2)(1—7) ek 1o o
one should expect that households’ beliefs play an important role when k& — k2 is large,
which is the case when 7, Z are low and «, k; are high.

Lenders’ beliefs affect the government default decision by determining how much the
government can borrow. However, if the government’s desired borrowing is low, then the
quantity of funds supplied to the market matters relatively little since the government
would not want to borrow much anyway. Therefore, one should expect that the role of
lenders’ expectations is large when the government’s desired borrowing is high. From
the government’s problem, it follows that the government’s desired borrowing is equal

to
1+7)B; + TYQR (A)— (147r) TYlR (A)

2(1+r) ’

B (4) = ¢

where Y, (A) is the aggregate output at time ¢ if the government repays its debt when
the average productivity is A. The desired borrowing tends to be high when 7 is low
(a high 7 decreases investment and, hence, decreases Y3), k; is low and « is high (since,

then, Y; is relatively high compared to Y1) or B is high.
6.2 Numerical Analysis

The next goal is to understand: (1) whether for a reasonable parameter choice, an
increase in tax and fiscal stimulus tend to decrease or increase the probability of default;
and (2) how important the beliefs effect is in driving these results.

I choose a reference set of parameters so that, in a stylized way, the model resembles
the GIIPS economies (i.e., Greece, Ireland, Italy, Portugal, and Spain) at the onset of
the European debt crisis in 2008. I then vary key parameters from this reference point,
one at a time, to see how the effectiveness of the government policies and the importance

of the beliefs effect vary with the pa,rametersFE] To make the results comparable across

28From the perspective of the analysis, the most important parameters are 7, the tax rate; Z, the
output costs of default; k1, the initial the capital stock; and «, the capital share of output, since these
parameters directly determine the costs and benefits of both policies considered above. I set 7 = 0.4,
the average ratio of governments’ tax revenue to GDP in the Eurozone in 2011, as reported by Eurostat,
and Z = 0.92, implying that in the case of a debt crisis, output declines by 8% (the observed output
decline in Greece after it defaulted in 2010). I choose k1 = 1.31 to match the average growth of the net

capital stock of 2% in the GIIPS economies in the run-up to the crisis (period 2004-2008), and o = 0.4
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different parameter values, following each change in a parameter of the model, I adjust
the mean of the prior belief so that the ex-ante probability of default, before a new
policy is implemented, is equal to 10%. Due to space considerations, I report below

only results where I vary the tax rate 7 and the initial level of capital klﬁ
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Figure 6: The effect of a 1% increase in the tax rate.

Increase in Taxes I consider, first, the effect of a 1% increase in taxes for different
initial values of the tax rate 7 and the capital stock k1. Panel A of Figure [6] shows how
the effect of this policy varies with the initial tax level, while Panel B depicts how much

of the change in the default threshold is driven by the beliefs effect. We see that an

(see|Arpaia et al.| (2009)). The information parameters are o, = 1/20, ¢ = v/30,, and ¢ = 1/12. Mean

of prior, A_1, is set to imply a 10% probability of default. The initial debt is B; = 1, and the total

wealth of the lenders is four times the maturing debt, implying the ratio b/B; = 4 (twice the average

bid-to-cover ratio in the debt auctions in Germany and Italy, as reported in |Beetsma et a1.|7 |2013|).

29 Additional results can be found in the “Additional Results” document available on
the author’s website https://econ.sites.olt.ubc.ca/files/2016/01/pdf_szkup_debt_crises_

additional.pdf.
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increase in the tax rate has a larger positive effect when taxes are initially low. This is
because at low 7, the distortive effect of a tax increase is small, while the beliefs effect
is large. Panel B shows that the relative importance of the beliefs effect decreases as
7 increases: When the initial tax rate is low, the majority of the adjustment in the
default threshold A* is driven by the adjustment in households’ and lenders’ beliefs,
but as initial 7 increases, the importance of beliefs decreases. This is in line with the
intuition provided in Section [6.1}

Panels C and D of Figure [6] depict the corresponding results of a 1% increase in
the tax rate 7 for different values of k;. We see that varying the initial level of capital
has relatively little effect on the efficacy of an increase in taxes. However, the initial
level of capital stock does affect the importance of the beliefs effect, with the beliefs
effect being stronger for low values of k;. To understand why this is the case, note that,
as explained in Section as ki increases, the importance of the households’ beliefs
tends to increase, while the importance of the lenders’ beliefs tends to decrease. For
the parameters considered here, the latter effect dominates (as the difference between
kE and k2 is relatively small), and the importance of the beliefs effect declines as k;

increases.

Fiscal Stimulus Next, I report the effects of a fiscal stimulus for different values of the
initial tax rate 7 and capital stock k;. I consider a fiscal stimulus with size equal to 1%
of the initial capital stock and financed with short-term debt (with 97 = 0)@ Panels
A and C of Figure [7] show that engaging in fiscal stimulus when a crisis is likely is not
a good idea, as a fiscal stimulus tends to increase the probability of default. Moreover,
we see that this negative effect is stronger when the initial tax rate is high (since at
higher 7, households invest less, leading to a lower positive effect of a stimulus on future
output) and when k; is high (since, then, the marginal value of an extra unit of capital
is low, while the cost of such a policy is high). Moving our attention to Panels B and
D, we observe that, as in the case of an increase in 7, the beliefs effect is an important
driver of the adjustment in the probability of default when k; or 7 are relatively low,

and its role diminishes as k; and 7 increase.

Summary The above results indicate that an increase in the tax rate is an effective
policy for decreasing the probability of default for a wide range of parameters, while the
opposite is true for a fiscal stimulus. They also support the intuition provided above
that endogenous adjustments in expectations play an important role in determining the
total change in the default threshold A*.

30The results for a fiscal stimulus financed with long-term debt are similar.
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Figure 7: The effect of a 1% stimulus.
7 Model with fundamental crises only

One may wonder how the predictions of the model with dispersed information and
endogenous expectations differ from predictions of a model in which crises are driven
purely by fundamentals and agents have common beliefs. To answer this question, I
consider the model of Section [2] but allow agents to observe A and coordinate their
beliefs on repayment equilibrium whenever A belongs to the “fragility region.” In this
case, the government defaults only when fundamentals are poor enough, which happens
when A < A (i.e., below the lower bound of the fragility region). I refer to this version
of the model as “the model with only fundamental crises.” I then explore how the effects
of adjusting a policy parameter 1 in the model with fundamental crises differ from the

effect in the model with dispersed information. In other words, I compare dA/dvy with
dA*/di.

7.1 No policy uncertainty

In the model with only fundamental crises, a change in A in response to a change in

policy % is simply equal to the direct effect that 1) has on the government’s incentives

32



to default; that is,

dA _ 9A  0A Ok
dp O Oky OY
D e —

Direct Effect (DFun)

(6)

Comparing Equation @ with Equation (2)), which provides a decomposition of
dA*/di, we see that the signs of both dA*/diy with dA/diy are determined by the as-
sociated direct effects, which capture the fundamental economic forces that are at play
in the modelsP!] Since the two models share the same fundamental structure and differ
only in terms of the assumed belief systems (i.e., common versus dispersed information),
it follows that the two models will deliver intuitively similar predictions.

However, this does not mean that the predictions of the two models will coincide
quantitatively or qualitatively. First, in the model with only fundamental crises, all
agents have common and correct beliefs, and, thus, the “amplification effect” that is
present in the model with dispersed information is missing. As such, even if the two
models deliver the same qualitative predictions, their quantitative predictions will differ.

Second, the presence of dispersed information distorts the direct effect of a given
policy change. On the one hand, the presence of dispersed information makes agents
more pessimistic about the prospect of the government repaying its debt. This translates
into a lower supply of funds in the bond market and lower investment, implying that
A* > A. As such, the government revenues at the default threshold tend to be higher in
the model with dispersed information. Given the concavity of households’ utility, this
decreases the benefit of policies that increase government’s revenues, holding everything
else constant. On the other hand, under dispersed information, the government is unable
to roll over its maturing debt since lenders who receive low signals do not lend their
funds to the government. As a consequence, if the government repays its debt, then its
expenditure in period 1 is substantially lower than in period 2, which is suboptimal given
the concavity of the households’ utility function. This, in turn, implies that policies that
result in a larger increase in government’s revenues in period 1 than in period 2 (such as
a fiscal stimulus) or policies whose negative effect falls in period 2 (such as an increase in
taxes) tend to decrease the government’s incentives to default by more under dispersed

information. In contrast, in the model with fundamental crises only, the government can

31Recall that the direct effect consists of the effect that a change in ¢ has on government de-
fault incentives directly (9A/9¢ in Equation (6) and 0A*/9¢ in Equation (2)) and through its ef-
fect on the households’ investment strategies ( filzo (64/8]{:5 ’) (akf g /81/}) di in Equation () and
[L, (0A*/OK3) (ki /0w) di in Equation (2)).
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always smooth repayment perfectly across the two periods so that such considerations

are not important.

Proposition 7 Let 1) € {r,s}. Then, there exists A_; (1)) such that for all A_; <
A_1 (1)), we have
dA/dyp <0 = dA*/dy <0

but not vice versa.

The above proposition establishes that when the past productivity level is low, if
a change in ¢) € {7,s} decreases the probability of default in the model with only
fundamental crises, then it also does so in the model with dispersed information, but
not vice versa. In other words, for low levels of A_;, government policies decrease
the probability of default for a wider range of parameters in the model with dispersed
information. This results follows from the observation that when the past productivity
level is low, then in the model with dispersed information, the supply of funds in the
bond market is low. In this case, if the government decides to repay its debt then its
spending will be particularly low in period ¢ = 1 compared to period ¢ = 2, providing

the government with strong incentives to adjust its policies.
7.2 Policy uncertainty

Next, I compare how the effects of political uncertainty differ across the two mod-
els. As in Section [f let p € [0,1) denote the probability with which a policy ¥ is
implemented. Then,

dA dA 0A

(7) @(p)zp@(l)ﬂl—p)%

The intuition underlying this result is similar to that underlying Equation . As
agents expect the policy to be implemented with probability p, they respond to the
announced change in ) proportionally less?| As a consequence, the presence of political
uncertainty decreases the distortionary effects of higher taxes on households’ investment
but also decreases the expansionary effect of a stimulus. Therefore, as in the model with
dispersed beliefs, political uncertainty relaxes the conditions under which an increase in
taxes leads to a decrease in the probability of default but tightens the conditions for a

fiscal stimulus.

32With probability 1 — p, households and lenders do not expect the adjustment, in which case a

change in A is driven by the direct change in the government’s default incentive.
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However, the two models differ in the impact that political uncertainty has on the
overall effect of government policies on the probability of default. This difference stems
from the fact that in the model with dispersed information, political uncertainty de-
creases the magnitude of the amplification effect. Since the beliefs effect is absent in
the model with only fundamental crises, this negative effect of political uncertainty is

absent in this model.

Proposition 3 Suppose that in the model with dispersed information, €,0 — 0. Then,

dA/dy (p)| _ |dA/dY (p)
‘dé/dw(l)‘ ’dA*/dt/J(l)"

as long as sgn (dA*/dy (p)) = sgn (dA*/dy (1)) # 0 and sgn (dA/dy (p)) = sgn (dA/dy (1)) #
0P

8 Conclusions

In this paper, I investigated how a government can prevent a self-fulfilling debt
crisis. To answer this question I developed a model of self-fulfilling sovereign default with
endogenous expectations and dispersed information. I then used this model to determine
how fiscal policies, such as an increase in taxes or a fiscal stimulus, affect the probability
of a crisis and how these effects are perturbed by the presence of endogenous expectations
and dispersed beliefs. Finally, I studied how uncertainty about government’s economic
policies changes the effect of government policies.

The findings of this paper contribute to the debate over government’s proposed
actions when facing a looming debt crisis that took place during European debt crisis:
Should the government engage in austerity or in a fiscal stimulus. My results provide
support for the choice of austerity and suggest that austerity is particularly preferable
to fiscal stimulus in an environment in which there is high uncertainty about future
economic policies, as often is the case during debt crises. Thus, the results provide
support for the policies adopted during European debt crises, while suggesting that
they would have been substantially more effective in the absence of policy uncertainty
that accompanied their implementation.

A few words of caution are needed regarding the interpretation of the results. In
this paper, I analyzed the particular situation in which the government finds itself on

a verge of a debt crisis. Indeed, the main question that this paper addresses is how to

33These conditions ensure that a change in v has the same effect on the probability of default both

in the absence and in the presence of political uncertainty and that the ratios below are well-defined.
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avoid a debt crisis when such a crisis is likely in the near future. For that purpose, that
fact that the model presented above is two-period is a minor issue. However, the fact
that the model is not dynamic becomes key when trying to answer questions regarding
medium-term policies. A question of particular importance is what the government
should do to avoid facing another debt crisis in the future once the current debt crisis

has been averted. This remains an important question for the future research.
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Appendix
(For Online Publication)

This appendix contains the proofs of the results that have been stated in the paper. In
Section A, I solve the main model, while Section B contains derivations of the direct and
beliefs effects and the proofs of Propositions 2 to 4 and Corollary 1 from the paper, as well as
the analysis of an increase in 7 when it is implemented only in repayment. Section D contains
brief derivations of the total change in the default threshold when the agents expect the policy
to be implemented with probability p — dA*/dy (p) — as well as proofs of Propositions 5 and
6 and Corollary 2. In Section F, I briefly discuss how the results would change if Assumption
5 were not imposed. Section F' contains a discussion of the effect of an adjustment in the
interest rate on the effects of policy changes, while Section GG contains several technical claims

invoked in proofs throughout the AppendixF_Z‘-]
A Global Game model

A.1 Uniqueness Result

To prove uniqueness of equilibrium (Proposition , I first characterize the optimal house-
holds’ and lenders’ strategies in response to a monotone default strategy by the government.
Then, I show that in response to these households’ and lenders’ strategies the government
indeed finds it optimal to follow a monotone default strategy. Finally, I show that there exists

a unique fixed-point of this argument.
Notation 1 [ will use the following notation throughout the Appendix:

1. A* denotes the default threshold used by the government.

2. A*™ denotes the default threshold expected by the households and lenders.

34The solution to the complete information version of the model, as well as detailed derivations of the
beliefs and direct effects when agents are uncertain whether announced policies will be implemented,
can be found in the “Additional Results” document available on the author’s website https://econ.

sites.olt.ubc.ca/files/2016/01/pdf_szkup_debt_crises_additional.pdf|
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A.1.1 Households

Suppose that households expect the government to repay its debt if and only if A > A**.
Household ¢’s optimal investment then solves the households’ problem specified in Section
Each household receives a productivity shock A4;, where A; = A +¢; and ¢; € [—¢,¢].

If A; > A* + ¢, then household i expects no default; in that case,

kz(Ai)Z(l—T)eAif(kl)lia

If household ¢ receives productivity A; < A**—eg, then household ¢ believes that the government

will always default, and
aZ

]{32 (Al) = (1 —T)eAif(k‘l) 1+a.

Finally, when A; € (A** — g, A** + ¢), the household is uncertain as to whether the government
will default. In that case,

ko (Ai) = (1— 1) e f (k1) A (Asze, A™),

where
Ao 4y — Q0 Z)EP(A"IA) 2 (1 P(A"]4)
2(1+«)
VIa(L+2)+ P (A A) + Z (1 - P (4| A)] — 4aZ (1 + o)

2(1+ )

and P (A*|A;) = Pr(A < A*|A4;). It is straightforward to show that A (4;;e, A**) is increas-
ing in A; and decreasing in A**. This establishes Lemma 1 in the paper.

Next, I perform a change of variables x = =, where ¢; € [—¢,¢] so that x € [~1,1]. This
change of variables turns out to be useful for computing the output in the limiting case, as
€ — 0, and in general, when analyzing the effect of changes in €. Define

ﬁ when A; = A+ ke > A*™ +¢
A(A+ kes R, A™) =< A(Aje, A*) when A; = A+ ke € (A™ —g, A™ +¢)

(ffa) when A; = A+ ke < A™ —¢

In what follows, I will denote the optimal choice of capital as k3 (A, k, A**) to emphasize its

dependence on A, k and households’ belief about the default threshold A**.

35Tt is here that the assumption of full depreciation of households’ capital simplifies the model.
When the capital depreciates fully each period, the optimal choice of capital is linear. As we will see

below, this will make the government’s default condition near linear in e?.
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A.1.2 Lenders

Denote by p, = 1/02 and pq = 1/ ai the precisions of the lenders’ private signals and the
prior, respectively. As usual, it is more convenient to work with precisions rather than with

standard deviations or variances.

Let w (1, A;2**, A**) be the expected payoff to lender j from lending to the government
when the average productivity is equal to A, the government uses a threshold strategy with
cutoff A**, and the other lenders use monotone strategies with cutoff z**. Similarly, denote
by u (0, A; x**, A**) the payoff to lender j from investing in the risk-free asset. Then,

R,u
1+rmm{§g§3J}ih4zAw

w(l, A;x™ A™) =
0 otherwise

u (0, A; ™%, A™) 1,

Define Au (A;x**, A*) = u (1, A;2**, A**) — u (0, A; 2™, A*).
It is immediate to see that for any pair (A**,z**), and regardless of the government’s
desired borrowing function Bf . the function Au (A;z**, A**) satisfies a weak single cross-

ing property in A@ Moreover, it is well-known that a family of normal density functions

A_ Pztj+paA_1
1/2 Pz+pa
£ :EjER

satisfies the strict monotone likelihood ratio (MLR) property, implying that the above density

parameterized by x;

function is strictly log-supermodular in (A, z;) (see Athey, 1996). By Theorem 3.2 in [Athey
(1996),

- _ PaTjtpad-y
AU (20", A™) = [ Au(Aia™, A™) (pr +pa)" 2 0 ( —=Tp ) dA

satisfies the strict single-crossing property in A**. Thus, in response to monotone strategies by

the government and the other lenders, lender j finds it optimal to follow a monotone strategy.

Consider AU (z*; z*, A**), the expected utility difference from supplying the funds to the
market versus not supplying them, evaluated at x*, and let L (A™, z*) = AU (z*;x2*, A™).
I want to show that for each A**, there exists a unique z* such that L (A**,z*) = 0. First

note that Awu (A;x*, A*), as defined above, is increasing in x*. This is because S (4;z*) =
b({1—-9o <"’3:f21>) is decreasing in x*. Moreover, for all A > A**, B§ " (A) is differentiable
Pz

in A, and, therefore, Au (A; z*, A**) is piecewise continuous. Second, note that the product of
_ peztipyaA_g

A
Au (A; 2%, A**) and (p, +pA)1/2 é ((pﬂ’;%) is different than 0, at least for all A < A**.
T A

30 A function f (z), where f: R — R, satisfies a weak single-crossing property in x if for all x gz > 21,

f(xr) > 0 implies f (zg) > 0.
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Then, by Theorem 3.4 in [Athey| (1996), it follows that L (A**, x*) satisfies a strict single-

crossing condition in z*. This proves Lemma 2 in the text.

A.1.3 The Government’s Monotone Default Strategy

Suppose that the households follow investment strategies as characterized above, and the
lenders use monotone strategies with a common threshold z*. I show that AV (A4,k3,S) is
strictly increasing in A.

Define k3 (4, A™) = {k2 (A, K, A™)}, c_1,17; that is, k3 (A, A™) denotes the households’
investment choices when the average productivity is equal to A and when all households expect
that the default threshold is A**. Note that if the lenders follow monotone strategies, then S =
b [1 -0 (%)} Thus, with a slight abuse of notation, I will write AV (A, k3% (A4, A*),95)
as AV (A; k% (A, A*),z*). Finally, let Bf " denote the government’s optimal unconstrained
borrowing.

Using the definition of AV (A4, k3 (A, A**),z*), substituting for k¥ (A, A**) the expression

found in Section A.1.1 and rearranging, we get

1
1 1 —A(A+ ke, K, A™) 7Y — By + B
AV (A k5 (A A 2%) = -1 — d 1
(4,k3 (4, 47),27) /2 °g<Z—A(A+m,n,A**)> “+°g<TZY1R+(1—§)BQD*

1 TV — (14 r)BY
1 - 1 2 2
o (7)o ()

where

R _ B (A) if B < S (A, x*)
2 S(A,z*) if BE"> S(Az%)

Differentiating with respect to A, simplifying, and taking the limit as £ — 1, we get

OAV (A; k% (A, A™) , x*, A*) By — B (14 a)BE (1+7)
() 0A = 7Y — By + B YR — (1 B
1 1+ 5y Yy = (1+7) By

where I used the observation that if B = Bf " (A), then by the optimality of the government
borrowing choices, the terms containing BJ" /A add up to 0, while otherwise their sum is
strictly positive.

Add the above fractions on the right-hand side of Equation (8 ) The resulting numerator

can be written as
* 2 *
2(1+7) (B,f ) — By (Y +2(1+r) By — (1+ ) 7Y) + BirYy?

This expression is a quadratic in B&¥". Let Bf "l (A) and Bf‘ "2 (A) be its two roots. Whether
these roots are real or not depends on the parameters of the model. For all A € [A, Z], define
b(A) = min {Bf*’l (A) 735*72 (A)} if the roots are real, and b(A) = oo if they are complex.
Let b = min Ac[AA] b(A). Tt follows that if b < b, then the government’s best response to
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monotone strategies is itself monotone. I assume that the lenders’ wealth b satisfies this

constraint (Assumption 3 in the paper)ﬂ

A.1.4 Uniqueness of Equilibrium

In light of the above results, to establish uniqueness, it is enough to show that
AV (A" k5 (A*, A", z* (AY))

is monotone in A*, where k3 (A%) = {kz (A", k, A*)},c[_1 1] I8 a vector whose components are
the individual households’ investment strategies when the households have the correct expec-
tations about the default threshold (i.e., A** = A*), and z* is the common signal threshold
used by the lenders when households and lenders expect the default threshold to be A*. 1
denote the optimal lender’s threshold by x* (A*), to emphasize that it depends on A*.

Fix n > 0, where 7 is a small positive number. Differentiating AV (A*; k% (A*),z* (A¥))
with respect to A* and taking the limit as £ — 1, we get

dAV /1 —oa 2 - N+ -NZF

dA* 1 [1—A][Z —A]
dBE" dBE"
n Tiv (A +r) A
7Y — By + B 1Y E - (1+r)BY
By — B¥ (1+9)(1+7) B

7Yt — By + B Y — (1 +7r)BE"’

where .
Jo1 3555 f (k2 (A" + Rese, A7) dr
U = 7 — aase— 0.
Y,
Since §Pr (4|4 )
. Pr (A*|A* + ke
limy 9 A" -0,

there exists € such that for all € € (0,&] we have

o M—AJ[Z - A "

/1 — o4 [Z—A]+[1—A]Z%d n

370One may wonder how restrictive this assumption is. The answer is that it depends on the para-
meters. However, numerical simulations suggest that unless a or Z is very close to 1, both roots are
complex, which means that the bound can be made arbitrarily large (though it has to be finite). In

particular, this is the case for the calibration used in the paper.
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Next, since aggﬁ*) > —bﬁﬁ — 0 as p; — 00, it follows that there exists a large enough

P, such that for all p, > P, we have

dBE" oBE*
Tir _ (L+7) Fis > TN ss
[TV =B+ B [V - (1) B T 2

Finally, following the same argument as in Section A.1.3, one can show that there exists E(s)

such that for all b < E(a) we have

By — B (1+r)B
Y — B1 + B [tV — (1+r)Bf|

> 1.

Therefore, for all ¢ with 0 < ¢ < € and all p, > p,, we have

dAV n o n B
ga- = T t1=0

implying that there exists a unique default threshold A* that satisfies all the equilibrium
conditions.

The above analysis applies to a fixed value of A*. However, since A* € [A,m, which is a
compact interval, there exist bounds € and p,,, which are independent of A*, such that ife <&

and p, < D, then dAV/dA* is strictly positive for all A* € [A, m This completes the proof.
B Policy Analysis

This Section contains proofs of all the claims made in Section [4| of the paper.
Proof of Proposition Let 1 denote a parameter of the model (for concreteness, one can
think of the tax rate, in which case 1) = 7). Then, for given r, the equilibrium conditions can
be written as
I(A* + ke, A" k5 (k) ,¢) =0,

which is the equilibrium condition for a household with productivity A* 4+ ke and which
determines the capital choice for a household with productivity shock xe;

L (A**7$*7w) = 07

which is the equilibrium condition that describes the lenders’ behavior and determines z*;

and, ﬁnall}’a
AV (A*, {k2 (K)}ee—1,1) 2" w) =0

which is the equilibrium condition that describes the government’s default decision and deter-

mines A*.

38If OBL J9A* = OB /9 A*, then the sum of these terms is 0.
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Note that, for each x € [—1, 1], the equation I (A* + ke, A*, k3 (k) , 1) = 0 specifies k3 (k)
as a function of households’ productivity A*+ke, household’s belief about the default threshold
A** | and the policy parameter ¢ for each x € [—1,1]. Similarly, the equation L (A*, z*,¢) =0
determines z* as a function of the lenders’ belief about the default threshold A** and . In
equilibrium, A** = A*; that is, the households and lenders hold correct beliefs about the
government’s default decision. However, to derive the effect of a change in the households’
and lenders’ beliefs on the default threshold, we have to differentiate between the belief about
the threshold held by the households and lenders and the actual default threshold, where the
latter is defined as the level of productivity at which the government defaults.

(Derivations of the beliefs and the direct effect) To compute the equilibrium change
in A* due to a change in v, I compute the total derivatives of the expressions on both sides

of the equilibrium conditions and solve the resulting linear system of equations for dA* /d:

dA* dA™ dk; (k) -
) ) S+ e Y 0 M g =
dA*™* dx*
(10) LIW—FLZ@—FL?) = 0
1
dA* 1 dk3 () da* -
(11) N +/2AVQ(H) Sn AVET AV = 0,

-1

where I, is the partial derivative of I (A* + ke, A**, k3 (k) , 1) with respect to its nth argument
and similarly for L, and AV,,. dA*™ /diy is the total change in agents’ beliefs regarding the
government default threshold implied by a change in 1. In equilibrium, dA**/dy = dA*/dy,
but, for now, it is important to keep the distinction between the two objects.

Solving for dz*/di and dk3 /dip using Equations and (9)) and recognizing that 9z* /0 A**
—L1/Ls, 0k} (k) JOA* = =11 (k) /I3 (K), Ok; (k) JOA™ = =I5 (k) /I3 (k), and Ok; (k) /OY =
—14 (k) /I3 (k) we obtain:

dx* ox* dA*™  Ox* dks (k)  Ok3 (k) dA* N 0k3 (k) dA™ n 0k3 (k)

i R W /N A Ea N W)

Substituting the above expressions into Equation and rearranging, we get

ks (k) , | dA*
oA W w T

1
AV + / SAVa ()

ox* dA** n ox*
0A* dy oY

O3 () dA™ | 0K ()

DA™ di) b - AN

2 - [janm) [ s ama |

where

1 *
AVi+ | %AVQ (k) 6234(,? ) dm] captures the effect of an increase in the productivity on
~1

the government’s incentives to default.
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Recall that an individual household’s investment strategy is a function that maps the
individual productivity into an investment choice; that is, it is a map k3 : A; — R. Thus, a
change in the household’s strategy is defined as a shift in this mapping, that is a change in
k3 for each A;. On the other hand, holding household strategies constant, a change in A; also
affects household i’s investments: It is simply a movement along the curve kg : A; — R. Thus,

the term AV + fil %A‘/Q (k) 9 S(f) dk captures the effect of a change in productivity on the

k.

0A
government’s incentives to default holding households’ and lenders’ strategies constant.
Ok (r)

Using the above observation, divide Equation by AVy + f_ll %AVQ (k) 54+ dr to
obtain
1 Ok ()
— [L1AV, (k) T2 dk -
dA* J 28075 B AV B AV,
dw B L 5(Kk 1 (K 1 *(k
A+ [ 1AV (k) 228 ak AV + fl%AVQ (k) 220 AV, + j;%mfg () Z2l)
1
1 Ok3 ()
sAVs (k) 2:32dk .
1 >(k d¢ 1 >k d¢
AVi — [ JAV, (r) T AV — [ JAV: (k) T

-1 -1

The first three terms capture the direct effects of a change in 1 on the equilibrium strategies
of the households’, the lenders’, and the government, respectively, holding households’ and
lenders’ beliefs about the default threshold constant (i.e., holding A** constant). The two
remaining terms capture the effect of a change in ¥ on the households’ and lenders’ beliefs.

Next, define

0A*

AV,

o

k3 (k)
dA*

1 )
AV + [ A% g,
-1

so that the third term captures the partial effect of a change in ¢ on the government’s default

incentives, holding households’ and lenders’ strategies and beliefs constant. Similarly,

0A* Ox* AVs ox*
dx* DA™ ~ 1 o) DA
AV + [ A%
-1
and, slightly abusing notation,
1 *
1 9A* Ok3 () LAV, (i) 22089

/

20k; (k) DA*

-

-1

Ok (k)
DA

AV + [1 LAV, (k)

where this term captures the effect of a change in the households’ beliefs on the government’s
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incentives to default. In a similar fashion,
1 1 k3 (k
/1 DA* 6k§(n)d,€:_/ LAV, (k) 255 ds

J 20k3 (k) 0Y oAV + [ EAV, (k) B dis

where fil % 3‘2§;) 8%2'{) dr captures the effect of a change in the households’ strategies caused

by a change in 1, holding the households’ beliefs about the default threshold, A**, constant.
Using the above notation, recognizing that, in equilibrium, 0A** /0y = dA*/dy, and

rearranging, we obtain

aA* HA* Oz*
(13) =
dy ] 0A* a1 _0A* 8k§(ﬂ)d
oz~ A~ I 2 9k3(r) DA

1 aA* 0k3 ()
5 TkE(R) 00 dr

Hl%»ﬁ

Since [~ 11 3 82;4(;) ak&i )dk corresponds simply to [, ! 38;:}* agi di, while the term f_ll 3 8(13%4(2) 85%9:’ dk

1 9A* Oky* di, we arrived at Equation (2) in the paper.

2 814:;’* OA**
(Establishing that B>1) Recall from the proof of uniqueness that the government de-

1
corresponds to fo

fault condition, after taking into account the dual role of A* as the average value of productivity

in the economy and the default threshold, is strictly increasing in A*. Thus,

1 ok} (K ak; (k)
AV1+/_12AV2() d+/ 5AVe (k) =500

8 *
drk + AV3 x** > 0,
A**:A* aA A** A*

where the third and fourth terms capture the effect of a change in the households’ and lenders’

beliefs, respectively. Dividing the above expression by AV, + fil %AVQ (k) ag A(f ) dk establishes

the non-negativity of the beliefs effect,
By (A)

Under Assumption 4, we have S(2A )

¥ = p’”p%A** - pAA + vp””—HDAq) (1+r>’ implying that %‘3 % > 0. Similarly, it

is straightforward to show that Ok5/0A* < 0. Since a higher investment by all house-

= 1 for all A, and, hence, it can be shown that

holds decreases the government’s incentives to default (J, ! 30A*/0k; (k) dk < 0), we have

El % 82;{ ) 88]2&5) dr > 0. It follows that the denominator of the beliefs effect is less than 1, so

that the beliefs effect is greater than 1. m
To establish Propositions 3 and 4, recall that the default threshold is determined by the

following condition:
0 = AV (A" k5, %)

1 1
= /log (c1 ) drs + log (TYl — By + B ) + /log (cg) dk + log (7-Y2R —(1+r) B2R*)
1 1

1 1
/log (cl ) drk —log (TZY1 ) — /log (02 ) dk —log (TZY2 ) )
~1 ~1
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where ¢f* and ¢ are the consumption in period ¢ in repayment and default, respectively,

YtR is the total output of the economy in period ¢, and Bf* is the equilibrium borrowing by
the government, all evaluated at the threshold productivity A*. Before proceeding further,
note that [ log ( ) dr is independent of 7 and k; for ¢t = 1,2, and, thus, policy change will
affect the government’s incentive to default only through its effect on government spending in

repayment and in defaultfig]
Proof of Proposition 3 and Corollary 1. Differentiate AV (A* k3, 2*) with respect to 7

to obtain oy R o
Y: Yy
R~y R R~ R R 2 D R D R
g Yi¥ + ug Yo + ug, T 5 — Uy ZYT" + ug, ZY, +u AT 5.
where ugt and u are the marginal utility from government spending in period ¢ in repayment

and default, respectively, and YlR the total output of the economy in period ¢ in repayment, all
evaluated at A*@ Given households’ equilibrium investment choices, Y5 /01 = 1= Thus,

rearranging the terms in the above expression, we obtain

oyt
or

Investment distortion

1

V(L= 2Z)u) + V(1 - 2)u] +Y1[g

Differential increase in tax revenues Concavity effect

]+Y2 [ —uD]—

Ug, g2 T [ug o Zug%]?

which corresponds to the expression (3) in the paper. Note that ug =1/ (Z7Y[), ul ug, =

1

1/(7Y1 — B1 + By) and ufl =1/ (7Y2 — (14 7) B). Thus, one can write the above condition

as

(Bl —Bg) (1+T) Bg _ aT (1+T) Bg
TYl—Bl+BQ TYQ—(]."_T')BQ 1—7’7’Y2—(1+7’)B2

(14)

The first part of Proposition 3 follows from the observation that, according to the proof

e . B1-B 147)B
of equilibrium uniqueness, ﬂ(/rl 31392 + TY;_ (11173 5, is bounded away from 0, while = =0

as 7 — 0. The second part of Proposition 3 follows from the observation that lim, ., S =
b [1 -0 (”;IA)} = bp;. Thus, if By > rb, then the first term in Equation |14 is positive.

17, an increase in 7 will decrease the probability of default.

It follows that as long as 1 >

Rearranging this inequality, we arrive at the inequality stated in the text.
The proof of Corollary [I] follows from the observation that limyg ,._o S = 0, in which

case expression converges to ‘rYil 5 >0 =
Proof of Proposition 4. The proof of Proposition 4 is similar to the proof of Proposition

3. I consider only a stimulus financed with short-term debt. The case of a stimulus financed

39This is because ¢l = Zcl, P = Z (1 —7)eif (k1) — ko, cft = (1 — 1) e?i f (k1) — ko, and ks is
linear in f (k1) and 7.

40There is no effect of a change of 7 on B, the equilibrium level of borrowing, since under As-
sumption 4, BE¥ = S (A,z*) and 95 (A,z*) /0T = 0. If Assumption 4 were relaxed, there would be
an additional term capturing the potential impact of a change in taxes on government borrowing in

equilibrium (via the competition effect among lenders).
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with long-term debt is analogous. Note, first, that when the government engages in a fiscal
stimulus financed with short-term debt that matures at the end of period 1, government
spending in repayment in period 1 becomes TYlR - B+ Bg“ — (1 + TST) sk1, where sk is the
size of the stimulus. The positive effect of such a stimulus is that it leads to expansion of
output. Differentiating both sides of the government indifference condition with respect to s,

and rearranging, we get

)% Y: )% Y-
D 2 D 17 R D 21, R D ST R
ET (1- Z) ug, + ET (1 —Z) Ugy +TE [ugl - ugl] +7 Os [u92 - UQQ] - (1 +r ) k1u91
D —
Differential increase in tax revenues Concavity effect Increase in debt

When the government engages in a stimulus, k5 = (1 —7) e f (k1 (14 s)) A (A;; ¢, A%),

and, thus,
—_— = Y, d —==—Y.
Os 14+s 1 an 0s 1+s 2

Following steps similar to those in the proof of Proposition 3, one can simplify the above
equation for the effect of the stimulus to
o (By — By) a?(147) By (14 757) ky

15 + -
(15) Y —Bi+By 1Yf-(1+r)By 71YE—-Bi+B;

To establish the proposition, note, first, that uﬁ > (1+7) ug (with equality only if the
government can borrow the unconstrained optimal amount) and, thus,

« (Bl — Bg) Ui + a2 (1 + ’I”) Bgug - (1 + TST) klui < [ozBl — (1 + TST) kl] uﬁ,

where the right-most expression is negative as long as By /k; < (1 + T'ST) (1/a). Moreover,
a(By — Bs) uﬁ + a2 (I+7) Bguﬁ — (1 + rST) k:lufl > u}; [a (B1 — Ba) — (1 + TST) kl] ,

where the last term is positive for sufficiently high B; (as By < b € R). Thus, for sufficiently
high Bj, a stimulus increases the government’s incentives to repay its debt. Finally, by conti-
nuity of the expression in we know that there exists By such that this expression is equal
to 0 and, hence, 0A*/0s = 0. It is easy to see that at such Bj, the derivative of expression
in E is positive, which implies that there exists a unique B; such that if By < Bj, then,
stimulus decreases the government’s incentives to repay its debt, while the opposite is true
when By > Bj. Finally, note that since o < 1 and 7Y{® — By + By < 7Y5f — (1 +7) By, it
follows that the expression in |15|is necessarily negative if aB; < (1 + TST) k1. This establishes
the proposition.

When the stimulus is financed with long-term debt, then the last term of the expression
in (15| becomes (1 +75T) k1/ (7Y — (1 + 1) By). It follows that in this case, expression [15|is

necessarily negative when ozBlug < (1 + TST) klug. [
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B.1 Higher tax rate in repayment only

In this section, I consider the case in which the government implements an increase in

taxes only if it repays the debt. Let 7% denote the tax rate in repayment and 7 the tax rate

in default where, initially, 7% = 7 = 7. An increase in the tax rate only in repayment is

captured by an increase in 7 holding 7 constant.

R

An increase in 7'* can be analyzed the same way as an increase in 7 considered above. A

higher 77 leads to a change in the government’s incentives to repay the debt equal to

1
R D
(16) Viull + vl /<R‘901 uRaﬁ uDacluDacz>di
=0

—_———

Increase in the government’s

Y g 29rR “LorR 2 9rR

)

. Differential I
revenue in repayment erential decrease

in private consumption

ROYS
T 9R (ugz

— Zugg),

Investment distortion

R
gt

repayment and default, respectively,

where, u,;* and uD are the marginal utilities from the government spending in period ¢ in

U, R and cf* are household i’s marginal utility from the
private consumption and private consumption at time ¢ in repayment, and YtR is the total
output of the economy in period t in repayment, all evaluated at the threshold A*. If the
expression in is positive, then the government’s incentives to repay its debt increase
following an increase in 7%.

There are three noticeable differences compared to the case when the tax rate is increased
in both repayment and default. First, a higher 7 increases government tax revenues only in
repayment, which tends to increase the government’s incentives to repay the debt more than
in the earlier case. On the other hand, a higher 7% decreases the government’s incentives
to repay by decreasing private consumption in repayment by more than in default (private
consumption in default is affected indirectly through the change in households’ investment
strategies). Finally, the investment distortion effect, while still present, is now smaller since,
at the time that they make their investment decisions, the households are uncertain whether
the announced tax increase will be implemented.

While a choice whether to increase the tax rate only in repayment or both in repayment
and in default is most likely determined by the political constraints, it is of interest to compare
the effect of increasing 7 against increasing the tax rate in both repayment and default. The
following proposition establishes that when the initial tax rate is low, an increase only in 7%
leads to a larger increase in the government’s incentives to repay then does an increase in both

7 and 7P, while the opposite is true when the initial tax rate is high

4IThe Proof of Proposition can be found in the “Additional Results” document available on
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Proposition B.1 Let BAR and ag—TVdenote the effect on the government incentives of increas-
ing the tax rate only in repayment and both in repayment and in default, respectively. Then,

there exists T and 7, with 0 < T < T < 1 such that

= 0AV 0AV
1. [f7'>7'th6n87_7R< or

A A
2. If T < 1 then %T—}{ > 8871/'

To understand this result, note that when the tax rate is initially low, households’ private
consumption is relatively high while government spending is relatively low. Thus, the negative

R

effect of higher 7% on the utility from the private consumption in repayment is small, while

the the positive effect of higher 7 on the utility from the government spending would be
high. It follows that at if, initially, both 77 = 7 = 7 where 7 is low, then increasing only 7%
has a larger effect on government’s incentives to repay than does increasing both 7 and 7

at the same time; the opposite is true when the initial tax level is low.
C Policy Adjustments under Uncertainty

To derive the change in the default threshold when households and lenders are uncertain as
to whether the policy change will be implemented, I start by considering a situation in which,
with probability (1 — p), the policy parameter takes value ¢ (which I associate with the case
when the policy change is not implemented) and, with probability p, the policy parameter
takes value ¢’ (which I associate with the new level of the policy parameter if the policy
is implemented). I then follow the same steps as in the proof of Proposition 2 to compute
the effect of a further change in ¢’. Finally, I impose the condition that, initially, 1)’ = 1.
By following these steps, I obtain the effect of an announcement of a change in the policy

parameter when such a change will take place with probability p.
Let A* be the threshold if the policy parameter takes value 1 (i.e., the policy change is

not implemented) and A* the policy threshold when the policy parameter takes value ¢’ (i.e.,

the policy change is implemented)@ Then, the equilibrium conditions can be written as

(17) (1—p) I (A" + ke, A" k3 (k) ,0) + pI (A* + ke, A" k:2 ,¢’) =0
(18) (1—p) I (A + ke, A* k3 (k) ,¥) + pI (A" + ke, AY k3 (k),0') = 0
(19) (1-p) L (4" ,w>+pL(A*' W) =0
(20) AV(A*;{W@}%[ Ly A*,w) = 0
(21) AV (475085 (9)} g1 7 AV ) =0,

the author’s website https://econ.sites.olt.ubc.ca/files/2016/01/pdf_szkup_debt_crises_
additional.pdf.
42For example, if the relevant policy parameter is a tax rate 7, and the government contemplates

increasing the tax rate to 7/ > 7, then ¢ = 7 while ¢’ = 7.
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where k3 (k) denotes an individual household’s equilibrium investment when that household’s
productivity is equal to A* + ke, while k3’ denotes the individual household’s equilibrium
investment when that household’s productivity is equal A* + ke.

In the presence of political uncertainty, there are additional equilibrium equations com-
pared to the case considered in Section B of this appendix. This is because we need to
determine the default threshold both when the policy in implemented and when it is not
(the possibility of a policy change also affects the threshold even if, in the end, the policy
is not implemented). In particular, to compute the equilibrium default threshold when the
policy parameter takes value 1, we need both the government’s default condition and the
household investment decisions evaluated at ¢ (Equations and . Similarly, to compute
the equilibrium default threshold when the policy parameter takes value 7', we need both
the government’s default condition and the household investment conditions evaluated at 1)’
(Equations [18] and [21).

To compute dA*/dy and dA* /dy', one can follow an approach similar to the one in
Section B of this appendix; that is, consider the total derivatives of all equilibrium conditions
with respect to ¢'. Solving the resulting system of equations for dA*/dy and dA* /dy' and
evaluating all derivatives at 1) = ¢/ (since we consider a small policy change from its initial
level at 1)) yield the desired result@

Proof of Proposition 5. That dA*/dy = 0A*/0y when a policy change in unexpected is
immediate from the discussion of Proposition 5 in the main text. Thus, it remains to show

that lim,, ..o 0A*/0¢ = 0. For simplicity, I consider the case when only ¢ — 0.
OPr(A**|A*+ke)

Note that lim._,q A P (see Claim |6 in Sectionof this appendix),
and, thus, from the expression for k5 (A* + ke, k, A*), we obtain lim._,o W e

0o. From this, it follows that AV; + f_ll %AVQ (k) agi(f) dk — oo as € — 0. Now, recall from

the proof of Proposition 2 that

0A* AV}

1 -
AV + [ A% gy,
-1

AVy = 0AV /9y is well-defined for each parameter of the model and, hence, finite. It follows
that lim._,00A* /0y =0. =

Proof of Corollary 2. Corollary 2 follows from Propositions 3 —5. =

Proof of Proposition 6. Proposition 6 follows from Equation (5) in the paper, which states

that % (p) = p% (H+(1—-p) %, Proposition 5 and Corollary 2. =

43The detailed derivations can be found in the “Additional Results” document available on
the author’s website https://econ.sites.olt.ubc.ca/files/2016/01/pdf_szkup_debt_crises_

additional.pdf.
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D Discussion of Assumption 5

The above analysis was conducted under Assumption 5, stated in the text. To determine
a bound on Bj, which is assumed implicitly in Assumption 5, assume that interest rate r is
less than 7 for some arbitrarily high 7. Note that the unconstrained optimal borrowing by the

government in repayment is given by

L+7)By + 7Y — (1 +7) 7Y
2(1+4r)

B;u’,,u _ (

For a fixed » < 7, a higher By increases Bs, not only directly, but also indirectly by shifting
the lower bound of the fragility region, A (r), upwards. For sufficiently high A (r), we have
Y (A(r)) > Y (A(r)), where Y, (A) denotes the total output at time ¢ when average
productivity is A. Moreover, 9Y4'/0A = (1 + a) Y and 9Y{*/0A = Y/, implying that once
A (r) is high enough so that Yy (A (r)) > Y{ (A(r)), a further increase in A (r) leads to an
increase in 7Y5® — (1 + 7) 7Y} and, hence, in the desired borrowing. It follows that for a fixed
b and a fixed 7, there exists a high enough B; such that Bf’u > b. Since [0,7] is a compact
interval there exists a high enough By, call it §1, such that if By > §1, then Bf > b for all
r € [0,7].

Assumption 5 simplifies the lender’s problem. The difficult part of the lender’s problem is
the competition effect: Ceteris paribus, a higher supply of funds in the bond market decreases
the lenders’ expected return from lending. This effect, however, is not present when Bg > b,
in which case there exists a closed-form solution for z*. In particular, under Assumption 5, it
is easy to show that

Pz Dz Pz

e Py (1)

1+7
This, in turn, substantially simplifies the analysis presented in Sections |4| and |5|of the paperF_I]
D.1 Policy Analysis without Assumption 5

Without Assumption 5, a change in households’ investment strategies will affect the
lenders’ equilibrium behavior. This is because the government’s desired unconstrained bor-
rowing, Bf’“, depends on Y3, and a change in Bf’“ translates into a change in x*. Thus, the

lenders’ indifference condition has to be written as

L (A**7$*>w7 k?) = 07

44 Assuming that lenders ignore the competition effect would have the same implications.

o1



rather than as L (A**,z* ¢) = 0. This is the only change compared to the case when As-

sumption 5 is imposed. Following the same steps, one can show that

DA 1 9A* 0Ky 5. 9A* [z | (1 da* Ok} 5
dA* oy +Jo ong oy BT G [aw + o okt g

dyp 1gAx Oky 4. 9A* [ ox 1 gg* Okb .
vy on; oar=di — ga= | o= + Jo Grpaasdi

Compared to the case in which Assumption 5 holds, there is an additional term in the

1 .
0A* [ Oz* Oksy
» oxT ) oKy Y

adjustment in the households’ investment, which affects the government’s desired borrowing.

expression for the direct effect di. This is because a change in ¢ leads to an

Without Assumption 5, there is a “competition effect”: A higher supply of funds to the bond
market tends to mean less lending per lender. Thus, a change in the households’ investment

strategies leads to an adjustment in z*. Similarly, the beliefs effect has an additional term

0A* ; da* OkS
oA T T2
equal to e ) ok] DA™

di since, now, a change in households’ expectations affects the lenders’

behavior through its impact on the government’s desired borrowing.

There are two main reasons why, in the paper, I consider a case in which Assumption 5
holds. First, Assumption 5 substantially simplifies the subsequent analysis. This is particularly
true when considering effects of an increase in taxes and of a fiscal stimulus, or when deriving
an expression for dA*/diy, since fol [0* /OKS] [0k3 /0vdi] is a complicated object and can be
computed only implicitly. Second, numerical simulations suggest that the competition effect,
which is assumed away when Assumption 5 is imposed, plays only a minor role in determining

the desirability of a particular policy.
E The Effect of the Interest Rate on Policy Adjustments

Above, I analyzed the case in which the policy change takes place after the interest rate has
been set, and, thus, the change in the policy and the resulting change in the default threshold
A* do not affect the interest rate r. In this section, I analyze what happens when the policy
change is announced before the government chooses the interest rate, in which case I have to
take into account how a policy change affects the choice of interest rate and how this change
in the interest rate affects the default threshold.

Recall that the government chooses the interest rate to maximize the ex-ante welfare. The
optimal interest rate is, then, the solution to the first-order condition associated with this

problem, which can be written as
R (A*v k?v Jf*, 1/}7 T*) =0

Here, we recognize that r* depends on the government’s future decisions, households’ invest-
ment choices, and lenders’ supply decisions. The choice of r* is also affected by the policy

parameters, since ¢ affects the gains and costs associated with a higher r.
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Following the same approach as in Section B of this appendix, I find that the total effect
of a change in policy ¢ on the default threshold is given by

. G ; 0A* | 9A® 9zt | (1 pA* Ok .
L VO [1 _OA" D [T 0A" Ok dz} 5+ 55 05t Jizo oky 30 U
- ota * ok ) *k O0A* Ox* 1 9A* ok ;
W dz* 04 i=0 Ok2 04 1 = Gor a4 — Jizo Gky 025+l
0A* JA* Ozx* or* or* dz* 1 9r* kg 3:
v T e o ok 1[G ) (55 + B+ S B Grai)
- = — i
Total 8.'1:* 814** i—o 8k2 8A>(<>k 1— or* Ox* 1 9r* Oko di

Oz* 9A** — Ji=0 Okg OA**

where My is the (total) beliefs effect that is present in the model when r can adjust; it is

given by
1
MTotal = * * Dx* o
| 0Ar pae L o0A* Ok g (% + %25 %5) ((or* ow bl o ok g
ox* DA** =0 Oko OA** 1— gr’: Bai* ox* OA** 1=0 Oko OA**
-1
. O0A* dx* 1 9A* Oko .
To understand the above expression, note first that [1 — 9 oA — Jimo O aA**} is the be-

liefs effect in the case when we hold the interest rate constant, and [1 — g;*; a(?f:* _ lez ; gg a%f*} -1
is the beliefs effect when the government’s default decision is affected by the change in
households’ beliefs only through an implied adjustment in the interest rate. Then, the
first term in the expression for dA*/diy captures the change in the default threshold im-
plied by a change in the policy, holding the interest rate constant (the expression in the
square brackets), weighted by the relative importance of the “partial” beliefs effect (i.e., be-
liefs effect when 7 is kept constant, as in Section [4] of the paper) compared to the total
beliefs effect, Mpyiq. This effect is familiar from the earlier analysis. The second term
captures the total change in the default threshold implied by the adjustment in r*. Here,
(6£* n %ﬁ: 85:) (% i g;’; %%* + filzo g—g%—%di) captures the effect that an adjustment in ¢
has on 7* (and, hence, on A*), holding households’ and lenders’ expectations constant: A

change in ¥ leads to a change in r*, which then affects A*. This effect is then reinforced by
the associated beliefs effect that results from the initial adjustment in 7* and is adjusted by

the relative importance of its partial beliefs effect.
How does an adjustment in r* alter the effectiveness of various government policies com-

pared to the case when 7* is constant? While it is difficult to answer this question analytically,
intuition suggests that an adjustment in 7* tends to decrease the magnitude of the change in
A* implied by v as long as the default threshold A* is lower than A_;, the prior of the mean
belief about A. To understand this, note that a decrease in A* decreases the benefit of a higher
r (since a lower A* means that a further decrease in A* due to the choice of higher r translates
into a lower decrease in the probability of default) and increases the cost of a higher r (since
a fall in A* implies that the government has to incur the cost of a higher r for a larger set

of productivity values). The opposite is true when A* increases. This suggests that a policy

45The above expression can be derived by following the same steps as in Section B.1.
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change that leads to a decrease in A* is accompanied by a decrease in r*, which decreases the
positive effect of the policy adjustment. On the other hand, a policy change that leads to an
increase in A* is accompanied by an increase in r*, which tends to partially offset the negative

effect that such a policy has on the probability of default.
F Proofs for Section

Derivations of Equation @ The lower bound for the fragility region is the unique

solution to
AV (A ko (A),b) = Vi (A, kF (A),b) — VP (4, k' (4),b) =0,

where Vi (A, ks, S) and VP (A, ks, S) are defined as in Section kit (A) = {kfl (A)}

is the profile of households’ investment when A = A with k?’i (A) = (1 —7)edtreif (k) Tra
and b is the total wealth of lenders. Applying the implicit function theorem to the above

1€[0,1]

equation and defining

AV (AKL(A)b)

o4 _ o
o)~ OAVE(AKE(A)D) I OV (AkF(A)b) ok;"" .
9A i=0 ok oA
and
X fl AV (AKE(A)b) oKL di
0A Ok Ly ok o
okl oy L= OAVE(AKE(A)b) ’
i=0 oA

we obtain Equation @ in the text@ [

Derivations of Equation . Suppose that households are uncertain whether the govern-
ment will implement the announced policy. Let k:§ ot (A,v;p) be the households’ investment
when agents believe that a new policy will be implemented with probability p. Then, using
the households’ problem and following the same approach as in the model with dispersed
information, it is straightforward to show that

Ok (A, hsp) paki‘”’ (A1)

B B

The decomposition in Equation follows immediately from this observation. m
Proof of Proposition[7} Consider, first, the model with dispersed information. An increase

in taxes and fiscal stimulus decrease the probability of default if the expressions in Equation

16Note that A/ and filzo (8A/8k§’i> (8k§”’/8¢) are defined in an analogous way as in the
derivation of Equation .
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@ and Equation are satisfied, respectively. Taking the limit as A_; — 0, these expressions

converge to

Bl OéBl - (1 + TST) kl
—— and y
TYl - Bl TYl - B1

respectively, since as A_; — 0, lenders’ optimal signal threshold converges to infinity, implying
that the supply of funds in the bond market converges to 0.

It remains to derive the relevant conditions in the model with only fundamental crises.
Note that the derivations of Equations and are also applicable in the model with
fundamental crises, with the difference that all endogenous variables are evaluated at A = A
rather than at A = A*. Furthermore, note that in the model with only fundamental crises,

the government can always borrow the desired amount so that

1 (1+7)

VA B +Bi(A) @A) -+ BiA) "

This implies that the relevant conditions under which an increase in taxes decreases the prob-
ability is

B aT (14+7r)B3(4) By — #T-B5 (A)

V1 (A) =B +Bi(A) 1—77v1(4)—(14+7r)By 7Y1(A) — By + Bi (A)’

while the relevant condition for fiscal stimulus is

0By~ (1477 ks~ (a— ?) B (4
Y1 (A) — B1 + B3 (A)

The proposition follows by comparing the conditions under which fiscal policies decrease the
probability of default in both models. =
Proof of Proposition This follows immediately from Propositions [5] and [6] and Equation

(7. w

G Intermediate and Technical Claims

In this section, I provide proofs of several results that have been invoked throughout this
appendix. First, I show that dz*/0A* < p”p%. Then, I compute limits of several expressions

as €,0, — 0 and which where used in the proof of Proposition 2.

Lemma 4 The derivative of x* with respect to A* is bounded from above by ﬂ

Proof. Applying the implicit function theorem to the lenders’ indifference condition, we get

dz* (=1) (1+rmin {1, AL £ (4fa)

' 5
dA* ’
ax Lf 1 + r min {1, SB(A(f*)) }) f(Alz*) dA]
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where f (A|z) is the conditional density of A given lender j observed signal z; = z*. Define
Av = {A > A*|BR (4) < S(A)} and A° = {A > A*|BEv (4) > S(A)}, and note that
Bf " (A) and S (A) intersect at most finitely many times. Without loss of generality, I assume
that Bf “(A) and S (A) intersect at least once (otherwise, the result follows immediately).
Then we can write A and A° as A% = [A:‘O,qul] and A¢ = (AZCO,A;?I), where
Ny,N. € N, {A%}f&l are the values of the productwlty at which 32 (A) intersects S (A)
from above and {A} }ivz"l are the values of productivity at which Bf " (A) intersects S (A)

from below['] With these definitions, we can write the above derivative as

. BBy (A [k
d* (1—|—rm1n{1,W}>f(A |z*)
dA* AY (A)
5 o f FAle)dA+ X o | B (e b aa

10

Consider the case where at A = A* we have By (A*) > S (A*,z*). Then the denominator

becomes:

By (A) Ly
Z/a* +7) f(Alz") dA+Z/8x {1+ 2(A )f(Ax)}dA

‘1 Ru
/6 (147 F (Al2") dA+Z/ax { (B’i;g—1>f(z4lx*)}d14

It remains to show that the second of the above terms is positive. Intuitively, that is what we

expect, since a higher x* makes high values of A more likely and BY (A) is increasing in A.
The remainder of this proof is devoted to establishing it analytically.

The idea of the next few steps is to change differentiation with respect to z* with the differ-

A_sz’ +pAA_1
entiation with respect to A. First, note that, since f (A|z*) = (pa + px)l/2 ) (W) ;
A T

we have

Ji 9 * _ Pz r 0 * Dz |, %
[ g 1001 Al )dA——WA[M(HT)f(AIw A= L (1) ()

Next, let H (A, z*) = (ﬁ “. - 1) £ (Alz*). Then,

0 pe 0 0B, (4) 1 pa_ By (A) 5

S(A

%)

g 1 et = = A A T sy W S (A S(A

47If at A* we have S (A,2*) > BE™ (A), then AY) = A", A}, = Af, A] = A5, and so on. If at A*

we have S (A,2%) < By"" (A) then A§ = A*, Af = A%, A% = A5 , and so on.
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where, since 835’“ (A) /OA > 0 and 8%*5’ (A,z*) < 0, the last two terms are strictly positive.
Moreover, note that for ¢ = 1,..., N. we have H (A;‘l,:v*) =H (A?‘ :L‘*) = 0.

207

Therefore,
N, ?1 Ru
i BQ’ (A) _ *
;A/ o {r (s (o) 1) f(Alz )}dA
iQ
N i P
Dz *
> ;/_px—f—pA@A (A, z*)dA
0
P R
= -7 [H (A}, z*) — H (A}, 2")] =0
Dz +pA zzl ! 0

This establishes the claim for the conclusion of the Lemma when at A = A* we have By (A*) >

S (A*,z*). The case when BY (A*) < S (A*,z*) is established in an analogous way. m
Claim 5 lim,_q W —0
Proof. Note that

0 Pr (A*|A* + ke)

DA
o () ~ e ()
- ¢<%> _Q(%) +

[igb (A*+(1J;:1)5—A_1) _ égb (A*,(1;,1)57A_1>} [<I> (A*;;Ll) _ (A*,(1;11)5—A_1>}

_l’_

oA A

[q) (A*-i—(l-i—n)a—A_l) % (A*—(l—n)a—A_l)}z

Taking the limit as ¢ — 0 and using ’'Hépital’s rule one can show that the first term con-

verges to .4*;7;4_1@ while the second term converges to 714*;7:?_1@. It follows that
lim._,g W —0. m

The next two claims have been used in the proof of Proposition 2.

dPr(A**|A* +Re)

. . O Pr(A**|A*+re) _ . oA* ARr_Ax
Claim 6 lim.o —Fz——| |, = =00 andlime—o 5prmag =1
= OA** A¥K— A*

Proof. If A* € (A* — (1 —k)e, A*+ (1 4+ K)¢e), then

@ (A A g (Alomeda)

TA

¢(w)_¢(w)

gA

Pr (A*™|A* + re) =

Differentiating with respect to A**, we get

OPr (A™|A* + re) o (22
DA 9 (M) _$ <M)

gA A
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Taking the limit as e — 0 at A* = A™, we get

I OPr (A™|A™ 4 ke)
B DA* N

Next, consider

1 A* _(1-R)e—A_;
ax? oA
OPr(A**|A*4Re)

0A* A A _ (I)<A*+(1~‘;EA)E:‘7A_1)_(I)(A*i(liagA)EiA_l)
9Pr(A™* [ A" {rz) o
OA** Axk— A* (I)<A*+(1+r€)e A 1<) @?A*,(lfn)efA_l)
oA D

{(I)(A*—A,l)_(D(A*—(l—ﬁ)s—A,l)} |:L¢(A*+(1+E)€7A,1)_iqb(A*f(le)sz,
oA oA oA oA oA oA

)

[¢)<A*+(1+n)s ) q)(A* (1— n)s A_ 1)]2

1 A¥—A_q
AFF(Tr) Ad)( e )(1 Je—A
*1L(14+kK)e— 1 * K)e—A_q
() (=)
Using I’Hopital’s rule, one can establish that
1 A*—(1-R)e—A_4
()
(P(A*+(1+n)6 1>7¢<A*—(1—E)€—A71>
lim — 74 : 7A -1
e—0 AT—A

() ()

Similarly, using I’Hopital’s rule, one can show that the second term converges to 0. m

Claim 7 lim,, .o 2 S (A, 2%)|4_ 4. = 00

swar-afo ()

Taking the derivative with respect to A, we get

08 (A,z*) 1 ¢<x*—A>.

Og

Proof. Note that

0A O

. 202 2
Under Assumption 4, we have x* = %A* — %Aq + 0’%, /0,2 + = <I> <1—+T,), and thus

A

limg, 0 % A 10} (<I>_1 (ﬁ)) The Claim follows immediately from thls observation. m

Claim 8 We have dA*/dA_; < 0.

Proof. In light of Proposition 2, it is enough to consider the direct effect of increasing A_;.
By inspection, we see that A_; does not directly affect the government incentives to de-
fault. Next, note that A_; affects household 4’s investment choice only through its impact
on P(A*|A;) =Pr(A < A*™|A_1, 4;), and hence on A (A;;e, A*). Since A (4;;¢e, A*) is de-
creasing in P (A**|A;) and P (A**|A;) is decreasing in A_; it follows that OA (A4;;e, A**) JOA_;

o8



is increasing in A_;. Thus, an increase in A_; leads to a higher investment by households.

Since a higher investment strictly decreases governments’ incentives to default we have
h 0A* Ok
/ 2 gi <0
NGy 1

=0

Next, consider lenders. Recall that the signal threshold above which lenders supply their
funds to the bond market is defined implicitly by

o0

A _ P27 tpaA_1
Au(A; 2%, A™) (ps +pa)? ¢ ( Do tPA ) dA=0

A (px +pA)71/2

where A** denote expected default threshold by the lenders. Then dz*/0A_1 = —p;/pa < 0.
Thus, an increase in A_; leads to a decrease in z* implying that lenders supply more funds
to the bond market for any given A. Since a higher supply of funds weakly decreases the
government’s default incentives we have

0A* Ox*
— <
Oox* 0A_1 — OE

The result follows then from Proposition 2. m

99



References

Aguiar, M. and M. Amador (2014). Sovereign Debt. In G. Gopinath, E. Helpman, and

K. Rogoft (Eds.), Handbook of International Economics, Vol 4, pp. 647-687. Elsevier.

Aguiar, M., M. Amador, E. Farhi, and G. Gopinath (2013). Crisis and commitment: Inflation

credibility and the vulnerability to sovereign debt crises. Working paper.

Aguiara, M. and G. Gopinath (2006). Defaultable debt, interest rates and the current account.

Journal of International Economics 69(1), 64-83.

Albagli, E., C. Hellwig, and A. Tsyvinski (2015). A theory of asset prices based on heteroge-

neous information. working paper.

Angeletos, G.-M. and 1. Werning (2006). Crises and prices: Information aggregation, multi-

plicity, and volatility. American Economic Review 96(5), 1720-1736.

Arellano, C. (2008). Default risk and income fluctuations in emerging economies. American

Economic Review 98(3), 690-712.

Arpaia, A., E. Perez, and K. Pichelmann (2009). Understanding labour share dynamics in

Furope. European Economy Economic Paper 379, European Commission, Brussels.

Athey, S. (1996). Comparative statics under uncertainty: Single crossing properties and log-

supermodularity. Mimeo MIT.

Baker, S. R., N. Bloom, and S. J. Davis (2016). Measuring economic policy uncertainty. The

Quarterly Journal of Economics 131(4), 1593-1636.

Beetsma, R., M. Giuliodori, F. de Jong, and D. Widijanto (2013). Price effects of sovereign

debt auctions in the euro-zone: The role of the crisis. ECB working paper No. 1595.

Bianchi, J., P. Ottonello, and I. Presno (2017). Fiscal policy, sovereign risk, and unemploy-

ment. working paper.

Bocola, L. and A. Dovis (2016). Self-fulfilling debt crises: A quantitative analysis. NBER

working paper.

60



Brunnermeier, M. K., H. James, and J.-P. Landau (2016). The Euro and the battle of ideas.

Princeton University Press.

Calvo, G. (1988). Servicing the public debt: The role of expectations. American Economic
Review 78(4), 647-661.

Carlsson, H. and E. V. Damme (1993). Global games and equilibrium selection. Economet-

rica 61(5), 989-1018.

Cole, H. and T. Kehoe (2000). Self-fulfilling debt crises. The Review of Economic Stud-

ies 67(1), 91-116.

Conesa, J. C. and T. Kehoe (2017). Gambling for redemption and self-fulfilling debt crises.

Economic Theory 64(4), 707-740.

Cooper, R. (2013). Fragile debt and the credible sharing of strategic uncertainty. Working

paper.

Corsetti, G. and L. Dedola (2011). Fiscal crisis, confidence and default: A bare-bones model

with lessons for the euro area. Mimeo, Cambridge University.

Corsetti, G. and L. Dedola (2016). The mystery of the printing press: Monetary policy and

self-fulfilling debt crises. Journal of the Furopean Economic Association 14(6), 1329-1371.

Corsetti, G., B. Guimaraes, and N. Roubini (2006). International lending of last resort and
moral hazard: A model of IMF’s catalytic finance. Journal of Monetary Economics 53(3),

441-471.

Corsetti, G., K. Kuester, A. Meier, and G. J. Miiller (2013). Sovereign risk, fiscal policy, and

macroeconomic stability. Economic Journal 123(566), F99-F132.

Cuadra, G. and H. Sapriza (2008). Sovereign default, interest rates and political uncertainty

in emerging markets. Journal of International Economics 76(1), 78-88.

De Grauwe, P. and Y. Ji (2013). Self-fulfilling crises in the eurozone: An empirical test.

Journal of International Money and Finance 34, 15-36.

61



Eaton, J. and M. Gersovitz (1981). Debt with potential repudiation: Theoretical and empirical

analysis. Review of Economic Studies 48(2), 289-309.

Eggertsson, G., A. Ferrero, and A. Raffo (2014). Can structural reforms help Europe? Journal

of Monetary Economics 61(1), 2-22.

Feenstra, R. C., R. Inklaar, and M. P. Timmer (2015). The next generation of the Penn World

Table. American Economic Review 105(10), 3150-3182.

Hatchondo, J. C. and L. Martinez (2009). Long-duration bonds and sovereign defaults. Journal

of International Economics 79(1), 117-125.

Hellwig, C., A. Mukherji, and A. Tsyvinski (2006). Self-fulfilling currency crises: The role of

interest rates. American Economic Review 95(6), 1769-1787.

Kletzer, K. (1984). Asymmetries of information and LDC borrowing with sovereign risk. The

Economic Journal 94 (374), 287-307.
Lorenzoni, G. and I. Werning (2013). Slow moving debt crises. MIT working paper.

Mendoza, E. and V. Yue (2012). A general equilibrium model of sovereign default and business

cycles. The Quarterly Journal of Economics 127(2), 889-946.

Morris, S. and H. Shin (1998). Unique equilibrium in a model of self-fulfilling currency attacks.

American Economic Review 88(3), 587-597.

Morris, S. and H. Shin (2003). Global games: Theory and applications. In M. Dewatripont,
L. P. Hansen, and S. Turnovsky (Eds.), Advances in Economics and Econometrics: Theory
and Applications, Eighth World Congress (Econometric Society Monographs Volume 1), pp.

56-114. Cambridge University Press.

Morris, S. and H. Shin (2006). Catalytic finance: When does it work? Journal of International

Economics 70(1), 161-177.

Panizza, U., F. Sturzenegger, and J. Zettelmeyer (2009). The economics and law of sovereign

debt and default. Journal of Economic Literature 47(3), 1-47.

62



Reinhart, C. and K. Rogoff (2010). Growth in a time of debt. American Economic Review:

Papers & Proceedings 100(2), 573-578.

Sachs, J. (1984). Theoretical issues in international borrowing. In Princeton Studies in Inter-

national Finance, pp. 94-118. Princeton University.

Tarashev, N. (2007). Speculative attacks and the information role of the interest rate. Journal

of the European Economic Association 5(1), 1-36.

Zabai, A. (2014). Managing default risk. BIS Working Papers No 467.

63



	Introduction
	Model
	Households
	The Government
	Lenders and the Bond Market
	Timing

	Equilibrium Analysis
	Additional Assumptions
	Period t=1: The Government's Decisions
	Default Decisions and the Fragility Region
	Households' Problem
	Lenders' Problem
	Equilibrium Default Threshold
	Optimal Choice of r

	Preventing Self-fulfilling Debt Crises
	Equilibrium Effects of Policy Adjustments
	Overview of Policies
	Increase in Taxes
	Fiscal Stimulus

	Economic Policy Uncertainty and Its Consequences
	Unexpected Policy Adjustment
	Uncertainty about Reforms

	Numerical Analysis and the Role of the Beliefs Effect
	The Role of the Beliefs Effect
	Numerical Analysis

	Model with fundamental crises only
	No policy uncertainty
	Policy uncertainty

	Conclusions
	Global Game model
	Uniqueness Result
	Households 
	Lenders
	The Government's Monotone Default Strategy 
	Uniqueness of Equilibrium


	Policy Analysis
	Higher tax rate in repayment only

	Policy Adjustments under Uncertainty
	Discussion of Assumption 5
	Policy Analysis without Assumption 5

	The Effect of the Interest Rate on Policy Adjustments
	Proofs for Section 7
	Intermediate and Technical Claims 

