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Abstract

In this paper, I build a flexible theoretical model of sovereign borrowing, default,
and renegotiation with borrower reputation. There is asymmetric information about
the government’s “type”, and reputation is the market belief that it is “responsible”
and therefore less likely to default. I document novel empirical evidence that sovereign
bondholders learn about this type from key policy metrics. I calibrate the model
using data on how countries’ credit histories affect the prices they face and validate its
predictions about the effects of borrowing on interest rate spreads in the data. Using
the model, I show that countries that have recently defaulted have poor reputations
because they rapidly run up their debts prior to default, not because the default decision
itself is revealing. I show that targeted debt relief will have limited effects, except after
large expenditure shocks. Right after shocks as large as Covid, such relief measures
can significantly improve consumer welfare and debt sustainability for over a decade.
Policies that disrupt the signalling motives induced by asymmetric information, such
as transparency initiatives or fiscal rules, can have substantial negative implications
for welfare (losses of 0.23% — 0.85% of permanent consumption), because they lead to
increased overborrowing by the government.
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1 Introduction

A country’s reputation is key determinant of the interest rates its pays on government debt.
There are countries like Germany, which have built strong reputations for being frugal and
consistently paying back their debts, and there are countries like Argentina, which are no-
torious for how frequently they default. Reinhart et al. (2003) show that such patterns are
both systematic and economically meaningful. Having been in default more frequently and
more recently is correlated with markets’ perceived likelihood a country will default again.
However, if countries avoid defaulting for long enough, they appear to “graduate” and shed

their old reputation (Qian et al., 2011).

For centuries, policymakers have discussed the importance of building and maintaining a
good reputation for their countries in financial markets. For example, right after the United
States Constitution was ratified in 1789, Alexander Hamilton pushed for the new Federal
Government to assume the debts accrued by states while waging the American Revolution.
He argued that, by shouldering a large debt burden and steadily, consistently paying it back,
the country could establish a good reputation in international markets, ensuring that it could

borrow at cheaper rates should it need to, in the future (Hall et al., 2021).

More recently, Cruces and Trebesch (2013) and Catao and Mano (2017) have found that
governments of Emerging Market Economies that have recently restructured debts pay sig-
nificantly higher interest rates than those that have not, and that these effects are robust
to controlling for macroeconomic and political factors. In this paper, I construe this as ev-
idence of reputational effects and ask, “What story or mix of stories is producing them?”
Does default ruin a country’s reputation? Or does having a terrible reputation lead to de-
fault because it makes rolling over debt very expensive? Alternatively, do countries wreck
their reputation simply by accumulating enough debt that default becomes remotely likely?

All three of these would produce the same associations seen in the data.

The purpose of this paper is to build a theory of how governments build and maintain a
good reputation, how they lose it, and how concerns about this reputation influence fiscal

policy decisions. In doing so, I fill a gap in the literature on sovereign default: the role of



reputation. Quantitative research on this issue has been sparse, but that does not reflect
doubts that reputation is important. Rather, it follows from a limitation of existing models

to capture reputational effects in a tractable way and discipline them using data.

In this paper, I first provide novel empirical evidence on the nature of government reputation
and how it evolves over time. I then build a state of the art model of sovereign borrowing,

default, and renegotiation that incorporates this notion of reputation.

Using data from credit default swap (CDS) prices and forecasts of economic fundamentals
and fiscal policy produced by the IMF, I show that investors learn about future default
probabilities from current policy surprises. In particular, current budget deficit surprises
significantly increase the perceived probability of default in the future, even after I control
for the rise in that probability that is due to the effect of that surprise on future debt
levels. I then develop a model in which learning generates both these effects as well as those

documented by Cruces and Trebesch (2013).

In my model, reputation is the market belief about whether a government is “responsible”
or “irresponsible”. Only the government itself knows its true “type.” In this model, the
government makes a variety of decisions, including how much to borrow, whether to default,
and what type of renegotiation offers to make to lenders (or accept from them). All of these
decisions can affect its reputation. This flexibility about which decisions affect reputation
is a key theoretical improvement over the existing literature (which has focused almost
exclusively on the default vs. repayment margin). I motivate this focus on reputation
formation as learning, as well as this flexibility, by providing novel empirical evidence showing
that investors learn about future default probabilities from a broad set of key fiscal and
monetary policy decisions, not just the credit history variables that the existing literature
has focused on. In particular, I show that budget deficit surprises and CPI inflation surprises

are important determinants of changes in a country’s perceived probability of default.

In the model, differences between the preferences of the two types produce differences in
fiscal policy and default, which determine how current and past choices are informative
about future outcomes. I show how the post-restructuring patterns estimated by Cruces and

Trebesch (2013) identify the parameters controlling the stochastic government type process
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and the flow of information in the model. To discipline them, I require that the model
replicate those same patterns, which describe how historical restructurings affect current

spreads up to seven years after the fact, and match a standard set of other moments.

One key prediction of the model is that a country’s reputation is negatively correlated with its
interest rate. In order to validate the model, I test this prediction. Since reputation cannot
be directly observed in the data, I exploit another prediction of the model, that borrowing
decisions affect a country’s reputation. My calibration strategy left the reputational conse-
quences of borrowing decisions on interest rates as an untargeted moment (since it directly
targeted only the correlations between restructuring histories and interest rates induced by
the inclusion of types and reputation). To validate the model, I first use it to measure how
issuance choices affect reputation. Then I use data on debt issuances for a large set of coun-
tries to construct a measure of those countries’ reputations. This model-filtered reputation
provides significant additional explanatory power in reduced form estimates of the determi-
nants of interest rate spreads and near term default probabilities. I consider this evidence

that the out of sample predictions made by my model are quantitatively sound.

After calibrating the model and validating some of its key out of sample predictions, I
describe its key features and the effects of information asymmetry on government behavior.
One key result that emerges is that the default decision in and of itself is not very informative
along the equilibrium path. It is the case, in the model, that countries which have recently
defaulted have very poor reputations, but this is because they had run their reputation into
the ground by borrowing very large amounts prior to defaulting. This rapid borrowing both
destroys the country’s reputation and raises its probability of default, so the vast majority

of countries which do default already have poor reputations.

The signalling motives induced by asymmetric information about the government’s type are
a key driver of this result. The responsible type faces powerful incentives to prove to lenders
that it can indeed be trusted, and it responds by borrowing significantly less than it would if
its type were public information. Of course, the irresponsible type does sometimes imitate the
responsible type in order to take advantage of the higher prices lenders offer the responsible

type, especially when debt levels are low. However, as the country accumulates more and



more debt, this imitation becomes too costly for the irresponsible type. At that tipping point,
it gives up and rapidly accumulates debt before eventually defaulting. While the motive for
signalling via the default vs. repayment margin is muted, the signalling motives affecting
borrowing decisions are powerful. In the long run, they cause the responsible type to borrow
about one quarter less than it would were its type public knowledge (and default less than

one fifth as often). The impacts on the irresponsible type’s choices are smaller.

The strength of these motives has important implications for the effects of debt relief mea-
sures targeted at countries at risk of default. In normal times, the signalling forces described
above ensure that almost all (about 98%) of countries with high spreads are in fact the
irresponsible type (and are known to be the irresponsible type with near certainty). After
receiving relief, these countries invariably quickly borrow right back into crises, consumption
falls, and spreads rise back to crises levels within about 2-3 years. However, after large,
unexpected expenditure shocks (ex. Covid) that require significant additional borrowing to
fund, debt relief measures can have much longer lasting effects. 1 show that, in this case,
debt relief can have significant effects up to a decade after it is delivered (debt remains 1%

of GDP lower 5 years later, consumption 1% of GDP higher almost 10 years later).

Next, I consider the welfare effects of policies that disrupt the signalling motives, such as
transparency initiatives or fiscal rules. I measure the welfare losses associated with weakening
the signalling motives induced by asymmetric information. Completely removing signalling
motives by making government type publicly observable (this is one explicit interpretation
of what a transparency initiative does) leads to losses of 0.23% of permanent consumption
for the irresponsible type, 0.50% for the responsible type, and 0.85% for a representative
consumer. This result follows from the presence of overborrowing in the setting with trans-
parency and the strength of signalling incentives in the baseline model. Long term debt
introduces dilution motives that make the equilibrium allocation without asymmetric in-
formation inefficient (see Aguiar and Amador (2019) for a detailed discussion of this phe-
nomenon). This inefficiency manifests as overborrowing by the government. The signalling
motives under asymmetric information cause the government to borrow much less, partially

correcting the underlying inefficiency. As a result, default, which is quite costly for both



government payoffs and consumer welfare, occurs much less often. While the government
does suffer from the inability to run up its debt quite as fast, relative to the case with trans-
parency, it issues debt at prices which are uniformly higher than they would be in that case.

This reduces the losses it suffers from only reaching lower overall borrowing levels.

This result also has implications for how policymakers evaluate fiscal rules. Insofar as a fiscal
rule that limits debt accumulation is ever actually binding, it will generally constrain the
irresponsible type’s choices more frequently than the responsible type’s, since the irrespon-
sible type in general prefers to borrow more. By distorting the irresponsible type’s behavior
and forcing it to borrow less, the rule can make it very expensive for the responsible type to
prove to lenders that it is indeed the responsible type, because it must pull back even more
on borrowing. If signalling its type becomes too expensive, the responsible type may give

up and end up borrowing more and defaulting more often.

2 Literature Review

This paper builds on the literature studying the effects of default on a government’s repu-
tation. Closely related papers here include Cole et al. (1995), English (1996), Egorov and
Fabinger (2016), Alfaro et al. (2005), D’Erasmo (2011), Amador and Phelan (2021), Amador
and Phelan (2023), and Morelli and Moretti (2023). Each considers a sovereign default model
based on the classic paper of Eaton and Gersovitz (1981), extended so that the government
has private information about its type (which determines its preferences and/or choice set).
Almost all of these papers only consider how the default decision reveals information about
the country’s type. In contrast, I allow all the government’s actions (borrowing, default, rene-
gotiation, and restructuring) to be informative to lenders. I then use the data to discipline
the parameters governing how informative each of the government’s actions is. I show that
this flexibility matters. Indeed, once the model is calibrated to the data, the default decision
itself is actually not very informative (in equilibrium). Instead, the borrowing decisions prior
to the default convey the vast majority of the information. One notable exception to the

literature’s focus on the default decision is Morelli and Moretti (2023), who allow reports



(or misreports) of inflation, as well as default, to affect the government’s reputation.!

This paper also draws on work about consumer default. Indeed, Chatterjee et al. (2023) is
the closest paper, methodologically, to mine. They have a similar focus on reputation about
the preferences of the borrower, with a goal of explaining the basis for credit scores and how
they affect behavior. A key methodological innovation of this paper is introducing preference
shocks to ensure every feasible action is played with nonzero probability in equilibrium.
Therefore, there is no such thing as feasible actions off the equilibrium path, and the evolution
of beliefs is fully determined by actual equilibrium strategies. Thus there is no need to
arbitrarily specify how beliefs evolve off of the equilibrium path, (such as in Egorov and
Fabinger (2016) or D'Erasmo (2011) for example). In this paper, I rely on the same technique.
In addition, I add long term debt and endogenous renegotiation, as well as enriching the type
space to allow for the cost of default as well as the patience rate to vary by type. I show these

additions are important for the model’s performance in the sovereign debt setting.

This paper also builds on the overall quantitative sovereign default literature as well as the
subset focused on endogenous renegotiation. This literature is based on the classic setting
of Eaton and Gersovitz (1981). Key early papers include Aguiar and Gopinath (2006),
Arellano (2008), Hatchondo and Martinez (2009), and Chatterjee and Eyigungor (2012).
One key insight of this work is that incorporating long term debt is critical for being able to
match the levels of debt and levels and volatility of interest rate spreads observed in Emerging
Market Economies. These models with long term debt provide a workhorse model that many
branches of the literature build on.? I too build on this baseline environment by introducing

asymmetric information and explicitly modelling the renegotiation process.

This literature has also studied the renegotiation process. Yue (2010) uses a Nash Bargain-

ing framework to study how the determination of recovery rates affects the government’s

!The paper studies why misreports of Argentina’s inflation affect spreads on its dollar-denominated debt.
To focus on this margin, they assume fiscal policy is set by an agent, e.g. congress, with the same information
set as lenders (i.e. does not observe the government’s type), so borrowing decisions provide no information.

2Among these are papers focused on the government’s choice of debt maturity (Arellano and Rama-
narayanan (2012), Sdnchez et al. (2018), Bocola and Dovis (2019), and Dvorkin et al. (2021)), papers focused
on the interaction between borrowing and default decisions and a domestic production economy (Mendoza
and Yue (2012), Bocola (2016), and Gordon and Guerron-Quintana (2018)), and papers focused on the role
of rollover risk and self-fulfilling crises (Conesa and Kehoe (2017) and Bocola and Dovis (2019)).



borrowing and default behavior. I build on two related, newer papers, Benjamin and Wright
(2013) and Dvorkin et al. (2021), both of which study why there exist delays between default
and restructuring. To do this, they model renegotiation as a game with an alternating offers
structure, building on the general bargaining environment of Merlo and Wilson (1995). They
focus on explaining the existence of delays and the role of maturity extensions in enabling
more efficient settlements. While I largely abstract from the causes of delays and focus on
the patterns observed after renegotiation is finished, I incorporate this bargaining protocol

into my model because it is well suited to a setting with asymmetric information.

Finally, there are many empirical studies of how past defaults and restructurings affect in-
terest rate spreads, including Dell’Ariccia et al. (2006), Borensztein and Panizza (2009),
Cruces and Trebesch (2013), and Catao and Mano (2017). Overall, these find significant,
positive effects on spreads in the first two years after a default. Cruces and Trebesch (2013)
also study the relationship between post-restructuring spreads and the scale of debt relief,
“haircuts”. Whereas most prior papers found effects lasting less than three years, they find
restructuring outcomes can have significant effects for up to seven years. While the effects of
restructurings with small or average haircuts quickly fall to zero, ones with higher haircuts
have economically significant effects for up to seven years. Catao and Mano (2017) find simi-
lar results using lower frequency data. These papers focus mostly on describing the patterns
in spreads after restructurings observed in the data and are agnostic as to why they arise. I
take the existence of these patterns as given and build a structural model whose parameters
can be disciplined using them. I also build on these papers by providing novel evidence on

other, far more frequently observed determinants of government reputation.

3 Data and Empirical Analysis

While the results in Cruces and Trebesch (2013), among others, are consistent with investors
learning about countries and their policymakers, they are also consistent with other expla-
nations, such as punishment. To motivate my interpretation of reputation as the market
belief about a government’s type that evolves based on all of its policy choices, I provide

evidence that investors do in fact appear to learn about default risk from certain key fiscal



and monetary policy decisions. I do this by focusing on the role of surprises.

In theories of learning, surprises lead to revisions of beliefs and revisions of forecasts of future
outcomes. If there were no learning about default policy, default risk would be determined
entirely by economic and political fundamentals. If a country had an unexpectedly high
budget deficit this year, that would of course result in higher future debt (and possibly
deficits) in the future, both of which might increase future default risk. In the absence
of learning about default policy, however, the surprise itself would not have an independent
effect on future default risk (beyond its effects on future fundamentals). If, however, investors
were learning from these surprises about how (i.e. in what states of the world) the government
policymaker decides to default, then these surprises could be informative about future default
risk (even after accounting for their effects on future fundamentals). I will test for this type
of evidence of learning using repeated forecasts of default risk and fundamentals. Below, I

describe my empirical strategy and the data I use, before presenting the results.

I conjecture that country ¢’s log odds ratio of defaulting in year ¢t can be written as

/
Yie=0Xip +am+ €,y

X is a set of current economic fundamentals and fiscal variables, m;; is the country’s
reputation (not directly observed by me, econometrician), and ¢;, is a noise term. I use log
odds ratio, rather than the underlying probability, because the vast majority of values in the
data are very close to 0 (the median is 2.3%, about 80% are below 5%, and 95% are below
9%). At time ¢, the forecast log odds ratio of default for i in year ¢ + k > t is then

Ey[Yiitn] = B'Ee[Xitn] + By [m; pn] + Eel€s 11k)-

Because neither m;; nor E[m; .yx] are observed, I cannot yet do anything interesting, like
estimating « or determining the share of variation in Y;; (or E;[Y;4]) explained by variation

in m;; (or E¢[m;+yx]). To make progress, I rewrite this in terms of forecast revisions between



time ¢ and time ¢t + 1 as

Et—l—l[yi,t—l—k] — K, D/i,t—&—k] :ﬁl(EtH[Xz‘,tJrk] — E, [Xi,t+k]) + a(Et+1[7Ti,t+k] - E, [Wi,t+k]) (1)

F(Epp1[€i4k] — Eeleisrr]).

Now that this is formulated in differences, I can indeed test for whether investors appear to
learn about the government policymaker’s default policy from surprises in observables. If

they are, then surprises in fundamentals and fiscal variables realized in period ¢ + 1,

Xi,t-‘rl - Et [Xi,t-i-l] )

should be correlated with unexpected changes in the country’s reputation at time ¢+ 1,

T t4+1 — Et['ﬁi,t+l]'

When reputation is a persistent quantity, this is in turn correlated with

Et+1[7fz‘,t+k] — K, [Wi,tJrk]a

revisions to the forecast of the country’s reputation at time ¢ + k. Therefore, I can use sur-
prises in fundamentals as a proxy for revisions in the country’s future reputation. Moreover,

I can test which variables markets appear to learn (most) from by estimating

Eii1[Yitrr]) — Ee[Yiern]) =8 Eei1[Xivrr]) — Ee[Xisir]) + 7 (Xits1 — Et[Xirt1]) (2)

F(Epr[€i4k] — Eeleierr])-

Revisions to the forecast of X, ., are controlled for directly, so the natural correlation
between surprises and forecast revisions will not yield a statistically significant estimate for
~ unless those surprises contain additional information.? Also, both surprises and forecast

revisions (including those of Y; ;14 and €; 1) should in theory have mean zero and be serially

3Indeed, in the main exercise, I residualise the set of surprises with respect to the set of forecast revisions.
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uncorrelated.

To test this theory, I use data from two main sources. The first is the IHS Markit Credit
Default Swap (CDS) data, accessed through WRDS. For sovereigns, CDS contracts at many
different durations (or “tenors”), from 6 months to 30 years, are priced and traded.* T use
these to calculate the implied constant hazard rates between each pair of adjacent tenors. For
every country-month observation in the Markit data, I then compute the forecast probability

of default in each of the next 5 calendar years (i.e. January 1 to December 31, inclusive).

I merge these forecast probabilities of default with forecasts of economic fundamentals and
fiscal variables from the IMF’s biannual World Economic Outlook (WEO). The key vari-
ables I draw from the WEQO are 0-5 year forecasts of real GDP per capita growth, the
ratio of current account balance to GDP, CPI inflation, the general government debt to
GDP ratio, and the ratio of the general government budget deficit to GDP. In addition to
forecast-based variables, I add some controls for which only contemporary monthly values
are available. These are the Barclay’s High Yield Corporate Index Yield to Worst (YTW),
the PRS Group’s Political Risk Rating, Standard & Poor’s long term foreign currency issuer
rating, and THS Markit’s CDS Curve Liquidity Score. Most of these are standard in the
literature on predicting sovereign spreads and default probabilities (see, for example, Cruces
and Trebesch (2013)). I include the CDS Curve Liquidity Score because variation in CDS
market liquidity may have price effects that are mapped into effects on risk neutral default
probabilities. Finally, I also use the database of Asonuma and Trebesch (2016), updated to

2020, to determine when defaults and restructurings occur.

Overall, I have data for 78 countries between 2010 and 2019 (I stop the sample before Covid).
I difference forecasts made one year apart (so dependent and independent variables in April
2015 would be differenced with their counterparts in April 2014). If at any point during that
year, a country is in default, has announced it will default, or completes a restructuring,
that observation is excluded. In such cases, the country has already defaulted, so any prior

estimate of when its first default will be are obviously no longer a valid comparison to a

4For corporates, far fewer are typically traded (usually only the 5 year one). For sovereigns, there is
relatively consistent pricing information on 6M, 1Y, 2Y, 3Y, 4Y, 5Y, 7Y, 10Y, 15Y, 20Y, and 30Y contracts.
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new estimate of when its next default will occur. I exclude pairs of forecasts (baseline and
update) where the update refers to the current year, so that the span of time during which
the country may default, for each observation, is held constant at one year. The full details

about the data construction and sample selection can be found in the appendix.

All results include WEO edition fixed effects, and all standard errors are clustered at the
country-WEQ edition level. Rating is orthogonalized, in sample, with respect to all the
other independent variables. I also orthogonalize all surprises, in sample, with respect to the
non-surprise independent variables (i.e. the forecast revisions, political risk, the high yield
corporate YTW, liquidity, and the fixed effects). I repeat the regression (including these
orthogonalizations) for the full sample, a sample excluding a set of super safe issuers (the US,
Germany, Great Britain, Switzerland, Canada, Australia, and New Zealand), and one further
excluding Europe entirely. Because the vast majority of countries in the vast majority of
periods have probabilities of default close to 0, I use the log odds of default as my dependent
variable. Table 1, contains the main results for surprises in economic fundamentals and
policy variables. T-statistics are in parentheses below the corresponding coefficients. Table
10, in the appendix, contains the full set of estimated coefficients (including all controls).
For these controls, my estimates are generally consistent with the literature (e.g. Cruces and
Trebesch (2013) or Catao and Mano (2017)). For example, I find that higher credit ratings
have a strong negative effect on default probabilities, while political risk, forecast debt to
GDP, current account deficits, and inflation all have strong positive effects on default risk.

These estimates are relatively consistent across subsamples.

The innovation in my approach lets me inspect which surprises provide additional information
to investors. Here, I find that surprises in the two measures of economic fundamentals (real
GDP per capita growth and the current account balance) do not seem to explain much
residual variation. However, surprises in two of the three measures of government policy do,

the budget deficit to GDP ratio and CPI inflation, are both consistently significant.

Overshooting on the government’s budget deficit, a key measure of fiscal policy, has econom-
ically and statistically significant effects on perceived future default probabilities. Having

larger deficits in the current year increases the perceived probability of default in the future,
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Table 1: Results of Learning Regressions
A¢i+1Log Odds of Default, ;.

Full Sample Excl. Super  Excl. Super
Safe Issuers Safe & Europe

Debt to GDP Surprise; -0.004 -0.004 -0.000

(-1.079) (-1.148) (-0.126)
Budget Deficit to GDP Surprise; 0.020%+%* 0.019%** 0.017**

(2.809) (2.592) (2.510)
Real GDP Per Capita Growth Surprise;, 1, -0.001 -0.002 0.006

(-0.141) (-0.206) (0.506)
Current Account Balance Surprise; ), -0.007 -0.008 -0.007

(-1.245) (-1.338) (-1.287)
CPI Inflation Surprise, ), 0.019** 0.021** 0.03 7%

(2.001) (2.245) (4.248)
WEO Edition Fixed Effects Yes Yes Yes
N 23,382 21,499 12,428
R? 0.318 0.328 0.337
Within- R? 0.131 0.134 0.168
Country-WEO Edition Clustered SEs Yes Yes Yes
Forecast Revision Controls Yes Yes Yes
Other Controls Yes Yes Yes

* denotes p < 0.10, ** denotes p < 0.05, *** denotes p < 0.01

even after accounting for how that unexpectedly large deficit this year will affect future debt
levels. Specifically, a deficit one percentage point higher than expected raises the perceived
odds of default in the future by 2 log points. Because so many of the probability of default
values are so close to 0, the average marginal effect of a one GDP percentage point deficit
surprise is just 6 basis points in the full sample.? However, this distribution of marginal
effects has a long right tail. For countries already facing at least 4.8% (8.4%) default risk,
which is the top 20% (5%), the pass through rises to 14 b.p. (20 b.p.) of default risk per

one GDP percentage point deficit surprise.

Unexpectedly high inflation has a similar effect on perceived future default probabilities
(beyond the effects of higher expected inflation, which are also statistically significant). A

one percentage point miss in inflation translates to a 2-4 log point change in the odds of

5To convert a coefficient estimate to a change in the underlying probability, I use the definition of the log
odds ratio to obtain 8%??; = pit(1—pit) Bk, the standard expression for a marginal effect in logistic regression.
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default. This finding provides further support to the theory laid out by Morelli and Moretti
(2023), who show that unexpectedly high inflation can raise interest rates by damaging a
country’s reputation. Because the magnitude of the coefficient on the CPI inflation surprise
is so similar to that of the budget deficit to GDP ratio error, the distribution of marginal
effects is basically the same in the full sample. When the estimation sample is restricted to
emerging economies, however, I find larger effects, with the average marginal effect of a one
percentage point CPI Inflation surprise being 13 basis points. For EMEs already facing at
least 5.4% (8.8%) default risk, which is the top 20% (5%), the pass through rises to 26 b.p.
(36 b.p.) of default risk per one percentage point CPI Inflation surprise.

The government budget deficit and inflation are probably two of the three most important
metrics of a country’s overall economic health and debt sustainability (with the third being
real GDP growth). Moreover, the budget deficit and inflation are much more tightly tied to
actual government policy decisions than output growth is. I interpret this as evidence that
countries earn their reputations, good or bad, responsible or irresponsible, based on a variety
of fiscal and monetary policy decisions, not just decisions to default or repay. Furthermore,
this evidence strongly supports the “learning” construal of reputation. In the next section of

this paper, I build a model of such learning in the context of fiscal policy and default.

4 Model

Time is discrete and infinite. There is a small open economy populated by a representative
consumer and a government policymaker. Both have expected utility preferences and period
flow utility given by u(c) with u a nice function. The country’s GDP y is a Markov Process.
The government policymaker has type 7', which is independent of y and known only to the
government policymaker. T'is a Markov Process, and its transition rule is public knowledge.
Both y and T take finitely many values. The transition probabilities for y and T" are given
by f(y'|y) and g(T"|T'), respectively.

The government policymaker’s type T' determines their current discount factor Sr and cost
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of default in the current period ¢7(.).% For simplicity, I assume that type maps to a single,
specific pair of discount factor Sy and default cost ¢r(.). However, it is possible to relax
this assumption of perfect correlation and allow type to instead define a probability distribu-
tion over such pairs. The government policymaker understands that their type may change
over time, and they incorporate that possibility into its optimization process. Type encodes
characteristics and/or private knowledge of the government policymaker. Again for sim-
plicity, I assume that whenever there is a change in the public identity of the policymaker
(for example, when an election results in a new governing party or governing coalition),
the underlying type of the new policymaker matches the underlying type of the old policy-
maker. It is straightforward to extend this setting to incorporate the possibility of observable
“changes in head of government, governing party, or governing coalition,” at which time the
transition rule for the policymaker’s type differs from the rule in normal times (i.e. when
there is no such change). Furthermore, I assume that lenders receive no information about
the policymaker’s type except information conveyed by the policymaker’s decisions in the
model. Again, it is straightforward to extend this setting to allow for some exogenous flow
of information, independent of the policymaker’s decisions, via a publicly observable signal.

From now on, I will refer to this government policymaker simply as “the government.”

The government may borrow from a continuum of international lenders using a defaultable
long term bond. There is a finite set # of values that the government’s debt level b can take.
Following Chatterjee and Eyigungor (2012) and Hatchondo and Martinez (2009), I model
this debt as a contract promising a stream of exponentially declining coupon payments.
Specifically, at time ¢, a unit of the bond promises to pay (1—X)*"~"1(A+x) of the consumption
good in period t+1. If the government chooses to default, the country enters financial autarky
and begins suffering a flow utility penalty of ¢(.). There is a known stochastic process that
determines when and how the country regains access to financial markets (explained below

and microfounded in the appendix).

There is an issuance cost i(.) (possibly 0) incurred when the government issues debt. This

is standard in models with long term debt and positive recovery rates (see e.g. Dvorkin et

61 allow both to vary because the empirical results are consistent with both differences in discount factors
and differences in default costs. In the identification section, I explain how I distinguish between the two.
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al. (2021) or Chatterjee and Eyigungor (2015)). If it is omitted and the recovery rate on
debt is positive, the government will issue enormous amounts of debt just before a default to
fully extract the value of legacy creditors’ holdings. Since this “maximum” dilution behavior
is counterfactual, issuance costs are added to the model to prevent it from occurring in

equilibrium. Quantitatively, the amount spent on the issuance costs is small.

The public state of the world at the beginning of each period is s = (y,z,m,b). y is the
country’s GDP, x is its credit standing, 7 is its reputation, and b is its debt level. z =1
means the country begins the period excluded from financial markets and therefore in bad
standing, whereas * = 0 means it begins the period in good standing. Reputation 7 is
lenders’ prior belief about the policymaker’s type. Lenders are Bayesian and update their
beliefs based on both observed government actions as well as known transition rules. The
private state of the world, known only to the government, is § = (7', €). T is the policymaker’s
type, and € is a vector of preference shocks € = {e”, {e"*(V)}ycn} (€ is also independent of

T and y and i.i.d. over time). A country’s beginning of period value is

Vi(s,0) = (1— x)(dggﬁ;}u — d)VE(s,0) + dVP(s, 9)) +aVP(s,0), (3)

where VT is the value of repayment, V;” is the value of entering default, and V" is the value
of already being in default. If the government enters in good standing and chooses to repay

lenders, it then solves

Vii(s,0) = max (1= Brju(c) + BrE[V(s', 0]y, T] + e"(V) (4)
c+ A+ r)b=y+q(s, V) —(1=Xb) —i(s, 7", V) (5)
o =T ]s).

I'E(b'|s) is the prior of lender at the beginning of the next period. It incorporates both
an update based on the observation that, in state (y,m,b), the government chose 1) not to

default and 2) to issue (' — (1 — A)b) units of debt (in net terms)

7Tp08t<T0‘8, b/) _ 7-‘-(,T())PT((d*7 b/*)(57 (TO7 6)) — (O<7 b/[))

2o m(T)Pr((d+,0)(s, (T, €)) = (0,))’
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and an update based on the transition rule for T

PRW[s)(T") =Y g(T'|To)n"* (To|s, V). (7)
To

When the government chooses the debt level ¥/, it understands how that choice affects the
revenue raised in the auction today ¢(.)(b' — (1 — A\)b) — i(.) and its continuation value
E[V(.)|y, T]. In a model without reputation, the choice of ¥’ would affect continuation values
by changing future constraint sets, and the bond price by changing next period’s policies.
My model embeds those channels as well as an additional one, reputation. Different choices
of debt induce different belief updates by lenders, which have effects on current prices and

continuation values that are independent of the actual physical debt level.

Since lenders are competitive and risk neutral, the price of a bond will be exactly equal
to the expected present value of the sequence of payments holding the bond entitles them
to. The value of this sequence of payments depends on the exogenous state of the world s,
lenders’ prior belief about the government’s type at the beginning of the next period #’, and
the country’s debt level &’. The bond price when the government ends the period in good

standing ¢(s, 7', ') are defined recursively by

s, 0) = = 37 1/ ly)

> w(T) ((1 —dYN+r 4 (1= Ng(s, 7, b”)))

d/ — CF(S/, 9/) b// — b/*(S/, 0/) 7_‘_;/% — FR(b”’S/),

where ¢P(.) represents the price of the bond if the government enters default (specified, along
with V;P(.), below). This definition illustrates how reputation is reflected in prices. First,
it changes lenders’ perceptions of each type being the decision maker tomorrow, reflected
in the probabilities 7(7”). Second, given the government’s type, its optimal policies in the
following period d’ and b” depend on the reputation it has at the beginning of the period, so

the terms being integrated are also directly affected by reputation.
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While in default, the policymaker suffers a utility penalty ¢7(y,d) that depends on the
exogenous, public state of the world s, the government’s type T', and whether the country
entered default in the current period d (as opposed to having defaulted in some previous
period but not yet regained good credit standing). Here, I specify the values to both the
government and to lenders as if the stochastic process governing reentry were exogenous.
In the appendix, I show how this type of process can be microfounded as the outcome of a

bargaining game (which I use for the quantitative section of the paper).

The stochastic process for reentry is given by type specific probabilities of reentry 1r(s) and
type specific joint distributions pp(7,b'|s) of a total cash transfer 7 and total debt issuance

b'." These joint distributions imply the restructuring belief update rules

post,RS s 7. b) = W(TO)PT(d*(Sv (TO’E)) - ]‘)¢TO(8)/’LTO(T7 b/|3>
e ols ) = S o Pr{a (s, (T, ) = D () (7. b]s) ©)

in periods the government entered in good credit standing and then defaulted and

post,RS s 7. b) = 7T<T0)¢T0(S)MT0<Tab/|S)
T ) = S R T () (7,19 1o

in periods the government entered in bad credit standing. Next period’s prior is then

LS (r0)s)(T7) = ) g(T'|To)m™* 5 (Ty s, 7, b'). (11)

To

When there is no restructuring in the current period, it is

pOStD(Tol ) Ozpr(d*( (TO, )) )(1 — ¢T0(3)) (12)

( —
S, T (D) Prid (s, (T, ) = {1 — r(s))

(L) (1 — ry(s))
S (D)1 — v () (13)

Zg T'|To)my™"" (Tols) (14)

7_‘,gost ,D (TO| )

"This formulation follows Dvorkin et al. (2021) and embeds the fact that restructurings commonly involve
an exchange of old bonds for new bonds (represented here by the b’) and either some very safe short term
notes or cash (7 > 0) a capital injection by lenders (7 < 0).
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instead for the belief updates. The government’s expected value of default is therefore

Vi’ (5,0) = (1 = dr(s))((1 = Br)uly) + BrE[Vy’ (sp, )|y, T1)

+r(s) Y pr(nVls)((1 = Br)uly —7) + BrE[V (sks, 0')]y, T]) — ér(y, d) + ¢’
()]s

mp = Tg (s) Ths = Lo (7, V]s),

and the price function ¢?(s) when the country enters the period in bad standing (so x = 1

and d = 0) satisfies

(5) = Y07 (1~ e () (R Sp)la)) +vr(s) 3 g, sy (THL T PO
r (m,b")|s
mp =1Lg (s) s = TES (1, 1] s).

In the initial period of default (when x = 0 and d = 1), this is

Y a(T)Pr(d =1)¢(s) =Y n(T)Pr(d =1)(1 - wT(S))(%E[QDD(S/D)’y])

+ 3w Pr(@ = 1) (vr(s) 3 i 01s) (T Q(S’;T e bl)b/»

(m,b")]s

d=d’(s,0) mp =17 (s) Ths = I17(7,V']s)

instead. Note that the term on the left hand side is exactly equal to the terms in the second

line of equation 8 (the functional equation describing prices).

In the quantitative model, variation in these probabilities ¢ (s) and pp(7, b'|s) will be ratio-
nalized as the outcome of a bargaining game, which is described in detail in the appendix.
In that game, the threat point of each side is to walk away from a deal today, let the country
remain in bad credit standing, and wait until another opportunity to negotiate arises. While
in bad credit standing, the country suffers the default cost ¢r(y, d). Therefore, all else equal,
types with higher default costs will be more willing to give lenders a good deal in order to
quickly exit exclusion. On the other hand, types with lower default costs will be more willing

to hold out and try to extract a lot of debt relief from lenders.
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5 Calibration

In this section, I describe the patterns in the data that identify the type- and reputation-
related parameters of the model. Then I describe the functional forms I use in the quanti-
tative implementation of the model and detail the calibrated parameter values. After that,

I show how well the models fits the data.

5.1 Identifying the Differences between Types

After completing negotiations with creditors and exiting default, countries that have de-
faulted pay higher interest rates than appear to be justified by their debt levels and the
state of their economies. There are many empirical papers that verify that a regression of
interest rate spreads on economic, political, and other relevant observables, as well as credit
history variables, will yield a set of jointly significant effects for the credit history variables.
Specifically, the coefficients a; on dummy variables d;; . indicating that at time ¢, country 4

defaulted (or restructured) 7 years ago in the specification

spread;; = X3 + Z rdig - + €3
e
will be significant. In general, they have positive signs and are declining in magnitude as
T rises (i.e. the effect of the average default on spreads fades over time). Furthermore, the
data show that it is not just the extensive margin of default vs. repayment which matters for
this effect. Rather, the intensive margin of how severely lenders suffered in the restructuring
is correlated with its scale. Cruces and Trebesch (2013) show that under a wide variety of
ways of measuring investor losses, often called “haircuts,” h; (with h their mean), the slope

coefficients 7, in the augmented specification

spread;; = X5 + Z dit (0 + vr(hiy — 71)) + €5t
TET

will also be jointly significant. In their work, the average effects «, are positive and statis-

tically in the first two years after a default (in the range of 150 — 300 b.p.), but quickly fall
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to zero thereafter. On the other hand, the estimated marginal effects v, are close to zero in
the first two to three years, but become positive and statistically significant thereafter. I use
these two patterns, together, to identify the key parameters controlling the stochastic type

process in my model.

The patterns of behavior in the model differ qualitatively based on the pairing of the differ-
ences between the two types (whether the less patient type finds default less costly or more
costly). For this reason, I focus here on how the data identify that pairing in the context
of my model. Both pairings can generate the first pattern (oy positive in the first few years

and approximately zero thereafter). Only one of them can deliver the second.

To understand why that is the case, it is useful to precisely define the two in the context
of my model. The o, for t € {1,..., N}, measure differences in interest rates between
countries that restructured ¢ years ago and ones that have not restructured in at least
N + 1 periods (“non-restructurers”), conditional on observables (s,b’). The v;, on the other
hand, measure the correlation between haircut and differences in interest rates between

restructurers, conditional on on observables (¢, s,b’).

Both 87 and ¢r are important, first order determinants of how frequently type T ends
up defaulting (and therefore having to restructure). [r controls the rate at which they
accumulate debt up to levels where default may occur, and QAST determines how high such
levels are. Furthermore, the type-specific default cost &T is a key, first order determinant
of the government’s outside option during the renegotiation process. A type with a higher
default cost ggT has a worse outside option and will, all else equal, extract less of the surplus

from making a deal with lenders and therefore get a lower haircut.

The estimated v; being close to 0 in the first two years means that knowing the haircut does
not provide much additional information about the country’s interest rate beyond what is
contained in the observables (¢, s,b’). After the first two years, however, the v, rise away from
0 and become statistically significant. This means that, once a couple of years have passed,
knowing what the haircut was at the time of the restructuring does provide significant,
additional information about the interest rate beyond what is contained in (¢,s,b"). This

pattern is possible only if the type that is more patient finds default more costly.
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Call the type that finds default more costly the “high” type. When this type is more
patient than the “low type” ((,BH > (;ASL and fg > fr), then the high type can support more
debt than the low type but has a weaker desire to borrow. After a restructuring, the two
types may separate in the b dimension, as the low type borrows more quickly. During that
initial separation, (¢,s,b’) sharply identify type, and haircut does not provide much more
information. However, the low type will soon reach its borrowing “limit” (i.e. levels of
debt beyond which default becomes likely) and slow down or stop accumulating debt. Now,
relative to international investors, the high type is impatient (just less so than the low type),
and therefore does want to borrow. Furthermore, because it can support more debt, it is
willing to borrow out to a higher “limit”. Thus it will eventually “catch up” to the low type
in the debt dimension. At this point, the observables (¢, s,’) leave a lot of ambiguity about

the country’s type—some of which can be resolved using knowledge of the haircut.

If, on the other hand, the high type is less patient than the low type (ch > éL and Sy < Br),
then the high type can support more debt than the low type and has a greater desire to
borrow. Then, after a restructuring, the two types will separate in the borrowing dimension.
The high type wants to borrow quickly and is able to borrow to higher levels of debt, and
the low type will never catch up. Therefore, once a few years have passed, knowing b as well
as the time since restructuring ¢ and the current state s should be a near perfect indicator of
the country’s type. Thus, the additional information contained in the haircut would fall to

0 within a few years. Since this is not the case in the data, I can rule out this pairing.

Given the signs of Sy — 1 and g5 Jes —ngS L, the magnitudes of the effects in the data help identify
the magnitudes of the differences in preferences. In addition to these specific differences in
preferences, there are several other pieces of the model that these patterns help identify.
The persistence of the types is closely associated with how long lasting the effects are. The
preference shock parameters associated with the renegotiation and restructuring process
help govern the flow of information when the government is in default. Conditional on
specific differences in preferences, these therefore govern how precise (or imprecise) beliefs are
when a restructuring is completed, which moderates how much the differences in preferences

are translated into the reduced form effects on prices observed in the data. Finally, the
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distribution of the preference shocks during repayment help control the flow of information
when the country is in good standing, which affects how much more (or less) accurate beliefs

become in the years following a restructuring, which affects the trends of the effects.

5.2 Functional Forms and Parameters

The model is calibrated to match the experience of Argentina since 1993. The quarterly
risk-free real interest rate, r is set to 0.01, a standard value. The maturity rate A of the bond
and its coupon value k are set to the values used by Chatterjee and Eyigungor (2012) (who
also study Argentina during mostly the same period). I also use their parameter estimates
for the income process (assumed to be AR(1)), p, = 0.95 and o, = 0.03. The functional form
of utility was assumed to be constant relative risk aversion with coefficient of relative risk
aversion 7y set to 2, a standard value in macroeconomics. Table 2 summarizes the parameters

set, outside the model.

Table 2: Parameters Set Independently

Parameter | Value Source
v 2.00

, 0.01 Standard
A 0.05

K 0.03 . .

o, 0.05 Chatterjee & Eyigungor (2012)
oy 0.03

Other functional forms that I must specify are the flow utility cost of default and the issuance
cost function. I use a flow utility cost of default, rather than an output cost of default (which
is used by Arellano (2008) and Chatterjee and Eyigungor (2012), among many others),
in order to avoid the realization of output while in default perfectly communicating the
government’s type to lenders. Note that this assumption does not imply that there are no
real output costs of default, just that those costs are felt differently by the two government
types. In order to make clear the relationship between the default costs in my model and

those employed in the literature, I define the utility cost of default implicitly by

u(y) — ér(s,di) := U(?J — max{(ho + ¢a, + O1)y + h1y?, 0})‘
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One of the most common parametrizations of the cost of default in the sovereign default
literature is a linear-quadratic cost in output (see Chatterjee and Eyigungor (2012), for
example). The functional form replicates that. Furthermore, it allows for both 1) a constant
percent difference in the costs for the two types, and 2) a constant percent difference between

the cost of triggering default and the cost of remaining in default (specified by QNSdt).

The issuance cost function is assumed to have the form

0 b <bor Prid*=1 <p
i(s,b, 7' V) = A A ( ) I ,
q(s, 7, b)YV = b)i(s, 7', b)) U >band Pr(d*=1) > pq

where b = max{(1 — A)b,0}.% The purpose of issuance cost functions in this type of model
are to prevent a behavior Chatterjee and Eyigungor (2015) termed “maximum dilution.”
Essentially, one period before default, the maturity structure of the debt gives the government
an incentive to issue an enormous amount of debt, completely extracting the value of existing

bondholders’ securities. Issuance cost functions counteract these incentives.

The distribution of the preference shocks during repayment is assumed to be Generalized
Type 1 Extreme Value. The distributions of all the other preference shocks in the model are
assumed to be Type 1 Extreme Value. These distributions are chosen for their computational
tractability. Specifically, both choice probabilities and ex ante expected values can be written

analytically in terms of the values associated with the choices (McFadden, 1978).

Apart from the parameters specified in Table 2, all parameters are calibrated by simulated

method of moments. The targeted moments are the mean and volatility of the external debt

8The specific functional form of i(s, 7/, ') is given by:

i(s, w0 = % (1 - sin (W(Pr(d/* T 1)))

1—pd 2

i.e. a sine wave shifted and scaled to rise from 0 to 1 as it travels from pg to 1. This function combines
elements of two main types of issuance cost functions used in the literature. The first, used by Chatterjee
and Eyigungor (2015), as well as others, is a strict limit on the one period ahead default probability (or
spread) (i.e. cost is 0 up until some value and then infinite thereafter). The second, used by Dvorkin et al.
(2021), as well as others, is a continuous, convex cost in the scale of the issuance. %(s,n’,b’) combines the
0-up-to-a-threshold property of the the first class of functions with the continuity (and some of the convexity,
at least for lower values of Pr(d™* = 1)) of the second.
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to GDP ratio while not in default, the mean and volatility of spreads while not in default, the
default rate, the average haircut, the average delay between a default and a restructuring,
and the average rise in rise in the debt to GDP ratio in the one year preceding a default, as
well as the five average effects o, and five marginal effects v, from the regression of Cruces

and Trebesch (2013),

spread;; = X0 + Z dit (e + - (hit — B)) + €5z
e
The target mean and volatility of external debt to GDP were calculated using annual Ar-
gentinian data from 1993 to 2019 from the World Bank’s International Debt Statistics (IDS)
(formerly Global Development Finance data), excluding years in default. The target mean
and volatility of spreads were calculated based on monthly Argentinian EMBIG spreads from
1997 to 2019, excluding months in default, from the World Bank’s Global Economic Monitor
(GEM). The target default rate was taken from Chatterjee and Eyigungor (2012).

Due to the relative rarity of restructuring events, the remaining targets were calculated using
cross-country evidence. The target average haircut and average delay were calculated using
data from Cruces and Trebesch (2013) and Asonuma and Trebesch (2016), excluding donor-
funded restructurings. The target average rise in debt to GDP in the year prior to a default
was calculated based on data presented in Benjamin and Wright (2013). The target values

for the regression coefficients were taken directly from Cruces and Trebesch (2013).

While all of the parameters affect all moments and are jointly calibrated, I will provide
some insight, when I can, into which parameters are identified by which moments. The first
five parameters are (E[Sr], E[ho + <5T], hi,0¢,pc). These govern the average impatience of
the government, the average penalty for defaulting, and the distribution of the preference
shocks under repayment (o, is the scale parameter for Generalized Type 1 Extreme Value
distribution of preference shocks under repayment, and p. is its correlation parameter (for
the repayment nest)). These parameters are closely tied to the means and volatilities of the
debt to GDP ratio B’/Y and interest rate spreads r — 7/, as well as the default rate. As

mentioned earlier, . and p, also effect the patterns in the «, and v, as 7 changes.
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The next three parameters are (pg, ¥, wg). These govern the shape of the issuance cost
function, the frequency at which renegotiation opportunities arise, and the bargaining power
of the government during renegotiation. py, the threshold for default probability at which the
issuance cost begins kicking in, is tightly tied to the rise in debt over the one year preceding a
default. The other two parameters in this group, ¥ and w¢, control two key characteristics of
the renegotiation process and are informed by data on restructuring outcomes. The value of
1 is closely tied to the delay between default and the completion of the restructuring process.
The parameter wg governs the bargaining power of the government during the renegotiation

process and is therefore closely linked to the average haircut imposed on lenders.

f 1T PG -RG ~PL _RL RS
The last ten parameters are (pyu, prr, Bu — B, ou — ér, ¢1, 0,7, 0,2, 0,77, 0,07, 0,7°). The

first two, pgy and prr, are the probability of remaining the high type and the probability
of remaining the low type. The next two, Sy — [, and QAS 7 — quﬁ 1, are the difference between
the impatience rates of the two types and the difference between their as-if output costs of
default. ¢~51 controls the extra penalty associated with the initial period of default, and is

closely associated with the average haircut. ¢ is normalized to 0. The final five are preference

XY

5 s the scale parameter for

shock parameters associated with the renegotiation process. o
the Type 1 Extreme Value preference shocks for party X when that party has role Y in
the renegotiation process (so, for example, 05 ‘G refers to the government’s preference shocks
when it proposes a deal). The final parameter in this block, 0% is the scale parameter for

the preference shocks in the restructuring decision problem of the government. As discussed

in the identification section, these are identified by regression coefficients o, and 7.

The model was solved in Julia using discrete state space methods. For details, see the ap-
pendix. The full set of parameters calibrated jointly is detailed in table 3. The calibrated
average impatience is very close to what is the calibrated impatience used in other work
on sovereign default in emerging market economies (for example, Chatterjee and Eyigungor
(2012) estimate 5 = 0.954). The average penalty scale is also pretty similar to their calibra-
tion (hg = —0.19, Ay = 0.25). Since both models are calibrated to the Argentinian economy,

this should not come as a surprise.

The most interesting features of the calibration are the parameters describing the two types
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Table 3: Calibrated Parameters

Parameter | Value Parameter Value
E[5r] 0.947 o 1.7¢e — 4
Elho + ¢r] | —0.159 pe 0.378
hy 0.219 ol 6.7¢ — 4

PHH 0.986 opr 3.2¢ — 3
PLL 0.984 ol 1.8¢ — 4

Bu — Br 0.043 Jf;jL 1.4e — 2
b — o1, 0.022 o, 2.2¢ — 3
D 0.322 0 0.080

we 0.906 o 0.136

(highlighted in red in Table 3). Both the high and low type are quite persistent, with the
high type lasting 17.5 years on average and the low type lasting 15.5 years on average. Since
the high type is slightly more persistent, time in power is split 53% to 47% in its favor. There
is also a relatively large difference in how impatient the two types are, with the difference in
discount factors over 4%. In fact, the discount factor of the high type Sy = 0.967 is actually
closer to the lender discount factor of % = 0.990 than it is to the discount factor of the low
type B = 0.924. There is a somewhat smaller difference in how painful the two types find
default. In particular, the high type finds default (in terms of the as-if output cost) just 2.2
percentage points more painful. For reference, the cost for the low type at the mean level of

output is 6.0% (after the initial period of default).

5.3 Targeted Moments

Table 4: Targeted Moments (Annualized Values)

Group | Moment Data | Model
E[B'/Y] 21.89% | 19.44%

o(B']Y) 6.19% | 5.44%

1 Elr —r/] 7.57% | 5.80%
o(r —r/) 4.71% | 6.55%

E[d] 12.50% | 12.55%
A(B'/Y|d=1) | 6.0 p.p. | 5.0 p.p.

2 E[delay] 3.23 3.30
E[A] 29.73% | 31.87%

Let me now discuss how the model fits the data. Data and model values for the non-regression

27



Figure 1: Model Fit: Average Effects
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Figure 2: Model Fit: Marginal Effects
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coefficient targeted moments are detailed in Table 4. Group 1 contains moments calculated

using only data from Argentina. Group 2 contains moments calculated based on data from
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a large sample of countries. Figures 1 and 2 show the model fit of the regression coefficients

visually.

In the first two blocks, there are only two medium size misses: the mean and volatility of
spreads. Since the model lacks risk premia, it is unsurprising that it struggles to match the
full average level of spreads in the data. Among the regression coefficients, only one miss is
statistically significant: the slope coefficient on the haircut effect after 6 — 7 years. This is
caused by targeting a significantly higher default rate than the average in the sample for the

regression, resulting in quicker attrition of the riskier members of the sample.

6 Results

6.1 Validation

Now that I have described the data that identify my the key parameters of my model and
my overall calibration strategy, I move on to a section validating my approach. Specifically,
I will use the model to develop a method to use real world data on debt issuance to measure

reputation. I then show that this model-implied measure has real quantitative bite.

This model was fit by matching correlations between historical default and restructuring
choices, and current interest rate spreads. This is all based, of course, on post-default facts.
However, the model also makes a rich set of predictions about how debt issuance behavior,
conditional on not defaulting, should affect reputation and therefore spreads. In this section,

I check whether these predictions are borne out in the data.

To do this, I first compress all the model’s belief update functions into a parsimonious
functional form that only depends on current period reputation and current period gross
issuances of debt divided by GDP GI. This focus on debt issuance is motivated by the fact
that, as discussed in the next section, that borrowing decisions are one of the most impor-
tant channels by which information is conveyed to lenders.” Furthermore, the relationship

between debt issuances and reputation was not directly targeted when fitting the model. To

9This result is discussed and explained at length in the next section of the paper.
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obtain my parsimonious approximation of the belief update function, I estimate the following

regression equation using simulated data:

In < o ) = Bo + Biln (L) + BoG 1y + B3ln (17Tt—1> BsG 1y + €
1

1-— Tt 1-— Tt—1 — T¢—

This resulting approximate belief update equation is very easy to take to the data and is
actually pretty accurate in model simulated data (the R? is about 82%). With the estimated
coefficients B = (Bl, 52, 53, 54) in hand, I then proceed to the main exercises of this section. I
use IDS data on debt issuance and GDP (augmented with OECD data for a few countries) to
produce full sequences of model-filtered reputation for most of the countries in the Cruces and

Trebesch (2013) sample. I then estimate this augmented version of their specification:

spread;; = Xuf3 + Z it (0 + Ve (hig — B)) + Befti + €
TET

The results of this estimation (and an alternative version where I add gross issuances of debt

divided by GDP instead of filtered reputation) are detailed in Table 5. These regression

Table 5: Regression Results: Interest Rate Spreads

EMBIG Spread

7r — —192** (67) —

GI — — 1047* (599)
Debt to GDP (%) 8.0"* (2.5) | 6.3 (2.5) | 7.0 (2.6)
Other Controls Yes Yes Yes
Country & Year Fixed Effects Yes Yes Yes

R? 0.3353 0.3421 0.3378
Observations 3378 3378 3378

results show that the model’s filtered measure of reputation provides significant additional
explanatory power when compared to the reference specification. The fact that current
gross issuances alone do not pass the same test show that this is not just due to the fact that
reputation incorporates them. The way the model aggregates the history of gross issuances
into a single term is providing significant additional information. The effect of reputation has

the predicted sign and is economically significant in magnitude. The difference in spreads
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between two otherwise identical countries, one with the worst possible reputation and one
with the best possible reputation, is about two percentage points. In the appendix, I also

evaluate how useful this measure is for predicting actual defaults.

Table 6 contains a selection of untargeted moments. In particular, it contains data and model
values for the first and second moments of debt to GDP and interest rate spreads when the
sample is not restricted to periods out of default. The model slightly underestimates long
run levels of debt and significantly underestimates the long run volatility of debt to GDP.
On the other hand, the model’s estimates of the mean long run spread and the volatility

of long run spreads are very close to their data counterparts. The final two entries in this

Table 6: Other Moments

Moment Data | Model
E[B'/Y] (including while in def.) 28.95% | 23.6%
o(B'/Y) (including while in def.) 19.76% 7.1%
E[r — r/] (including while in def.) 15.14% | 13.1%
o(r —rf) (including while in def.) 17.42% | 12.9%
p(re —r? riy — 1) (including while in def.) 0.92 0.95
% of defaults with Y < E[Y] 61% 61%
Effect of ¢/’ on haircut —0.60 | —1.35

table are the autocorrelation of interest rate spreads, the percent of defaults occurring when
output is below trend, and the estimated effect on future haircuts of the price of a bond
that has just been defaulted on, in a linear regression. The model slightly overestimates the
autocorrelation of spreads. Furthermore, it manages to match the fact that a small majority
of defaults occur when default is below trend. The specific definition of the final moment is
01 in the regression:

hj:50—|—51q£j+ej

where h; is the haircut observed in restructuring j and qé)j is the average price of the bonds
restructured, measured one month after the default occurred.’® Meyer et al. (2021) report a

highly significant value of —0.60 for the effect 9; and use this result to argue that bond prices

10T map q&’j to the price of the bond immediately after the government makes its default decision (and
before the resolution of any uncertainty about whether there will be an opportunity to renegotiate in the
current period). Since the quarterly probability of such an opportunity arising is relatively small, this result
is robust to other assumptions about the timing of this measurement.
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directly after default forecast haircuts in the eventual restructurings (possibly years away)
rather well. This relationship is nontrivial because haircuts measure the ex post difference
between the value of old debt and the value of new debt (a relative quantity), while the bond
price right after default measures the actual ex ante value of the debt (an absolute quantity).
My model replicates the sign of this relationship, but the association is somewhat sharper.
To my knowledge, my paper is the first to replicate this pattern. While the first five data
values in this table were calculated using only data from Argentina, the data values for the
sixth and seventh untargeted moments reported in this table were calculated by Benjamin

and Wright (2013) and Meyer et al. (2021), respectively, using cross country samples.

6.2 Why Do Defaulters Have Bad Reputations?

Having established that my approach to modelling sovereign borrowing with reputational
concerns is validated by the data, I now return to one of the key questions I set out to
answer, “Why do defaulters have bad reputations?” The most intuitive interpretation of
the data seems to be that defaulting wrecks a country’s reputation, but there are other
stories that are just as consistent with the data. It could also be the case that having a
bad reputation causes countries to default because it makes it very expensive to roll over
debts. Or it could be that merely accumulating enough debt that default may occur with
non-trivial probability wrecks a country’s reputation. These three stories have very different
implications for a wide variety of questions but are all, on their face, equally consistent with

the data.

Using my model, I can distinguish between them. In the model, right after a default occurs,
lenders’ posterior belief that the country is the responsible type is 2.31%. Thus, the model
delivers the pattern that countries which have recently defaulted have relatively poor repu-
tations. However, this is not because the default decision itself revealed that the government
were the irresponsible type. In fact, conditional on default occurring in the current period,
the average beginning of period reputation value is 2.28%, quantitatively indistinguishable
from the posterior. Instead, I find that all of the borrowing decisions required to run up

the debt to the point where default was a nontrivial possibility were what destroyed the
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country’s reputation in international markets. Figure 3 illustrates this pattern.

Figure 3: Pre-Default Paths
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Figure 3 plots the the average end of period reputation 7’ and end of period debt to GDP
ratio B’ /Y during the 10 years prior to a default. Over these years, countries steadily increase
their debt levels'! at the expense of their reputation. Both sides of this accelerate three years
before a default. One force driving this acceleration is that, as the country’s reputation falls,
it becomes more and more painful for the irresponsible type to convincingly imitate the
responsible type. Eventually, mimicry becomes costly enough that the irresponsible type
simply gives up entirely and just borrows more. This result, that reputations are lost before
default, not by default, is one of the core contributions of my paper. In the appendix,
I explore the implications of this for determining the value of a good reputation during

crises.

1 The pattern in Figure 3 is driven primarily by increases in the debt stock B’ rather than decreases in
output Y. If the picture is reproduced using E[B’] instead of E[B’/Y], it looks extremely similar.
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6.3 Role of Asymmetric Information

I now describe the role of asymmetric information in the model overall as well as specifically
in producing the above results. I begin by plotting a typical set of borrowing policy functions

for the government in Figure 4. The b axis here is ¥’ divided by the average annual value

Figure 4: Repayment Policy Functions
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of GDP, to make its values comparable to the moments reported above. These policies
are generated by a level of debt close to the mean, the mean value of income, and a high
value of beginning-of-period reputation. Here, the low type is torn between revealing itself
entirely and borrowing relatively more, or preserving some of its reputation by choosing
relatively lower borrowing levels that the high type also chooses frequently. The high type
in turn knows that the low type chooses those borrowing levels sometimes and in turn tilts
its choices even lower, signalling to lenders that it is almost certainly the responsible type.
This signalling mechanism is the key to one of major roles of asymmetric information in this
model. The higher patience level of the high type provides an initial, basic incentive not to
borrow as much as the low type. The signalling mechanism reinforces this by adding extra

curvature to the price function faced by the government as it adjusts its debt level.
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Figure 5: Effects of Signalling Moments
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In order to illustrate exactly how much signalling motives distort the high type’s choices, in
the short run, I compare its equilibrium choices to what it would choose, were its type fully
revealed for one period only, as a surprise (the shock is assumed to never repeat). When this
surprise revelation occurs, signalling motives (in the current period) vanish. Figure 5 plots
this alternative policy function, overlaid on the baseline policies from Figure 4. Figure 5
shows that if the high type did not have to worry about reputational consequences, it would
choose to borrow substantially more than it does in the baseline. Furthermore, the strength
of this effect is not unique to the point chosen for the example policy functions above. The
average difference between the alternative policies and the baseline policies, under the long
run joint distribution of states implied by the baseline model, is 0.80% of GDP when the
government is the high type and 0.12% of GDP when the government is the low type. In
the long run, the repeated effects of this signalling mechanism guarantee that the high type
occupies a relatively low debt region of the state space, and therefore rarely defaults. The
low type, on the other hand, occupies a higher debt region of the state space and ends up

defaulting much more often. In the appendix, I discuss how similar patterns emerge in the
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bargaining game played during exclusion.

Before moving on, I want to take a moment to illustrate the long run effects of these signalling
motives. Specifically, I want to point out the dramatic effects on the behavior of the high
type that they induce. To that end, I re-solve a model with the exact same set of parameters
under the assumption that the government’s type is public information. I then calculate a

few moments of interest, conditional on type. These are listed in Table 7. The first line of this

Table 7: Comparison: Differences Across Types

Baseline Model Full Info Model

T=H| T=L| T=H| T=L
E[B'/Y|T| 16.67% | 25.85% | 21.49% | 26.99%
Pr(T|d,=1) | 2.28% | 97.72% | 14.51% | 85.49%
E[n|T] 0.890 0.147 1 0

Moment

table shows that moving from the baseline to a full information setting and therefore remove
signalling motives causes both types to borrow more in the long run. This is expected,
since both types are impatient relative to lenders. However, borrowing by the high type
rises almost 5%, while borrowing by the low type rises by only about 1%. This pattern of
differences arises because the high type was disciplined much more by the signalling incentives
in the asymmetric information setting. When those incentives are removed, it borrows more
and defaults much more frequently. As is shown in the second row, the share of defaults
performed by the responsible type rises from about 2% to almost 15%, because it now more
frequently reaches levels of debt at which default occurs with nontrivial probability. Finally,
all of this occurs despite the fact that beliefs are quite accurate in the long run in the
asymmetric information setting, as can be seen in the table’s third row. But even with high
ex ante reputation, the signalling motives are still strong enough that the responsible type

still wants to re-prove to lenders that it is indeed responsible.

6.4 Short and Long Run Effects of Debt Relief

I now move on to a main policy result of this paper. In the calibrated model, unexpected debt

relief that targets countries facing non-trivial default risk does not generally have very long-
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lasting effects. This occurs because countries facing non-trivial default risk are almost all the
irresponsible type. Because of this, upon receiving debt relief, these countries will quickly
borrow back to the levels of debt they started at. Responsible countries, upon receiving
debt relief, would also start borrowing again, but they would do so much more slowly, so
consumption would remain elevated for longer and spreads would remain lower for longer.
In normal times, however, they are not well represented among countres with high spreads.
The signalling motives holding back responsible countries borrowing are so strong that they
make up only 2.8% of countries with spreads of at least 5%, and just 1.7% of countries with

spreads over 10%.

This result ceases to hold following an MIT shock creating a large expenditure that the
government must pay. The arrival of Covid in 2020 was just such a shock for many emerging
market economies, as documented by Arellano et al. (2023), who find that Covid induced a
rise in debt in 2020 of about 8 p.p. of 2019 GDP on average in the major EMEs that they
study. Unlike in the long run, this unexpected shock may push many responsible countries
towards the brink of default (or into default), so debt relief may have much stronger and
longer lasting effects. In order to quantitatively assess how much more effective debt relief

would be after such an event, I perform the following experiment.

First, I sample from the distribution of countries entering a period in good standing that
had high (at least 5%) or very high (at least 10%) at the end of the last period. In order to
determine the baseline effects of a fixed amount of debt relief, I compare the future paths
of various outcome variables for these countries to their alternative paths if they received
relief at the beginning of the period.!? In order to determine the effects of the same fixed
amount of debt relief after a Covid-like shock, I assume that all countries had to borrow an
additional 8 p.p. of long run GDP in the previous period, which shifts all of their debt levels
up.'® This results in a different sample of countries with high or very high spreads at the end
of the last period. In particular, there are far more overall, and responsible countries make
up a much larger share of the countries debt relief might conceivable target (30% of those

with high spreads and 20% of those with very high spreads). After this shock, the average

12Gince receiving this relief is based on a publicly observable quantity, this has no effect on their reputation.
13 Again, because this is uniform across all countries, it has no effect on their reputation.
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debt level across all economies is 28% of long run GDP, so I fix the amount of debt relief to

consider at 14% of long run GDP.

During normal times, the effects of this debt relief would be somewhat short-lived. For
countries ending the prior period with high spreads in the baseline, debt returns to within
1% of its baseline path within 2 years. Consumption and spreads return to within 1% of
their baseline path within just over 3 years, and within 10 b.p. of those paths within 5 years.
For countries with very high spreads in the baseline without relief, the patterns are almost
identical. After the Covid shock, however, for countries with high spreads, the debt relief
leads to consumption still being 1% higher 5 years later. Debt is still over 1% lower 5 years
afterwards and only comes within 25 b.p. almost 10 years after the shock. While the initial
decay of the effect on spreads is similar to the baseline, the effects are much more persistent
after 2-3 years. 5 years after the shock, spreads are still 36 b.p. lower because of the relief.
Spreads do not come within 10 b.p. of their original path (without the relief) until almost
10 years after the shock. Again, the results are similar if the sample is restricted to countries

with very high spreads.

Therefore, while policy measures that aim to increase debt relief for EMEs and developing
economies may not bring about lasting changes most of the time, at least in the long run,
such policies may be extremely helpful after shocks that necessitate massive spending (and
borrowing) by governments. These shocks put responsible countries at real risk of default in
a way that they simply are not the vast majority of the time, which also means that they

(and their citizens) would benefit from targeted relief programs.

6.5 Welfare Consequences of Transparency

In this section, I evaluate the welfare effects of policies that disrupt the signalling motives
described thoughout this paper. For simplicity, I consider the case in which they are fully
eliminated and type is public information forever.!* This change in the environment is one

interpretation of what policies such as transparency initiatives, audit programs, and account-

14These results are robust to weakening this assumption. Instead, I could allow there to be, every period,
an possibly imperfectly informative signal about the government’s type. This nests the case considered in
the text, since the signal can be made perfectly informative.
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ability offices are designed to do. By providing information about why the government is
making the policy decisions it makes, it informs the public about the policymaker’s type.
Transparency therefore takes me from the asymmetric information benchmark all the way to
the analogous full information model, eliminating signalling motives forever. First, I evaluate
the change in payoffs to the government associated with such a change. Then I evaluate the
changes in the welfare of a representative consumer with preferences that potentially differ

from the preferences of the government.

In order to provide an exact decomposition of the sources of these variations following Aguiar
et al. (2020), I first adjust baseline consumption streams ¢(.) to account for default costs'®.
For example, consider the contribution to the government’s value from events occurring in
the current period when it enters the period in good standing and decides to default and

does not reach a deal with lenders this period:

U (s,0) = (1 = Br)(u(y) — or(s, dr))

In this case I set ¢(.) such that:

(1= Br)u(c(s, 0)) = Uy’ (s,0)

so consumption is adjusted to account for the effect of the default cost on current period

utility. Throughout this section, ¢(.) will refer to this adjusted consumption value.

Given an initial type Ty € {H, L, N} (where N indicates the the initial type is randomly
drawn from its long run distribution), I define the government payoff or consumer welfare as
the expected discounted utility over GDP states and preference shocks when the government

starts with zero debt and reputation at the long run probability the government is the high

15Because the relative contribution of the preference shocks to value functions is entirely dependent on
the literal number of choices available to the government (and this can be made arbitrarily close to 1 by
increasing that number), I consider values net of preference shocks throughout this section.
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type. For example, the value to the low type under asymmetric information is:

+oo

> (Hf;éﬁm)) (1 = Brw) (u(ci!) = dra(se, di))|T(0) = L]

t=0

Es.e[Var(so, L, €)] = Eg

Since utility is CRRA with relative risk aversion coefficient v, I can define an overall con-

sumption equivalent change in welfare as ( in the equation:

(1 + C)liVESme VAI(S(), To, 6)

VP T
1+¢=| =3
(Vfél>

where ‘71,%1 is the time 0 value under asymmetric information if the initial type is Tj and \_/f; I

= ]Eso,e VFI<507 T07 6)

Some rearrangement yields:

is its full information counterpart. I also follow Aguiar et al. (2020) by defining a breakdown

of this variation into:
1. changes due to different incidence of default costs;
2. changes due to different variability of consumption streams;
3. changes due to different trends in the time path of average. consumption.

To do this, note that I can rewrite (1 + () as
ALND\ T FILND tALNDV\ -5 FINDV \ T3
JFI /AL, 1—y /41, /AL, T—v VAR T—v
VTO VTO % VTO VTO * VTO
GFIND /Al FINDV AILND AILNDV :
VTO VTO VTO VTO VTO

where the value functions with the additional N D superscript are the value functions when

default costs are removed and those with the additional N DV superscript are the value
functions when default costs are removed and consumption at each time ¢ is set to its mean
value across possible paths. The first term is 1 + (p, the welfare effects of changes in
default costs, the second term is 1 + (y, the welfare effects of changes in the variability of
consumption, and the third term is 1+(r, the welfare effects of changes in the trend of average

consumption over time. Table 8 details the effects on government payoffs of moving from
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asymmetric information to full information. The bottom line number of Table 8 shows that

Table 8:
Change in Government Payoffs From Transparency

Welfare Change | To =L | To=H | Ty =N
G —0.13% | —0.73% | —0.45%
G —0.05% | —0.10% | —0.08%
G —0.06% | +0.34% | +0.15%
& —0.23% | —0.50% | —0.38%

increased transparency has negative effects on the average payoffs for both the responsible
and the irresponsible type. The losses for the responsible type are roughly twice as large
as the losses for the irresponsible type. All three channels produce negative effects for the
irresponsible type. For the responsible type, however, there is in fact a gain from moving to
full information associated with the average time trend of consumption. Since it no longer
needs to signal to lenders that it is the responsible type, it can accumulate debt faster and
consume more right away. Since it is more impatient than international investors (although
not as impatient as the irresponsible type), this is a valuable feature for it. However, it
will end up defaulting sooner and more frequently in the full information setting, and those
costs end up outweighing the benefits of being able to borrow more in the near future.
Furthermore, the future effects of those signalling motives (or their absence) are constantly
reflected in prices. In Figure 6, I plot the price function at the mean level of output under full
information, when the government is the high type, and under asymmetric information, when
the government is known with certainty to be the high type today. The difference between
the two prices is the cumulative disciplining impact of signalling motives throughout the
future. While the government ends up borrowing less under asymmetric information due to
the signalling motives, the price at which it borrows is consistently higher, which lessens the

impact of the lower borrowing levels on auction revenue and therefore consumption.

The equivalent set of values for a representative consumer who is just as patient as the
international investors (i.e. has f = %) are detailed in table 9. Overall, the welfare changes
experienced by this representative consumer are dominated by the default cost channel.
Since this consumer is significantly more patient than either government and perhaps the

most important differences between the two settings is that default happens sooner and more
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Figure 6: Price Functions
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Table 9: Change in Consumer Welfare From Transparency

Welfare Change | Ty =L | To=H | To =N
I —0.78% | —1.06% | —0.93%
¢ +0.03% | +0.01% | +0.02%
< +0.06% | +0.07% | +0.06%
¢ —0.69% | —0.98% | —0.84%

frequently under full information, this should not come as a surprise. This decomposition
does illustrate, however, how asymmetric information can shield consumers from the political
economy frictions that make their government more impatient than them. The signalling
motives induce both government types to act as if they were slightly more patient and had

preferences more similar to those of their citizens.

An alternative way to think about these results is to remember that this long bond model,
even without types and without endogenous renegotiation, features inefficiently high levels
of borrowing (Aguiar and Amador, 2019). There are feasible allocations which are Pareto

improving relative to the competitive equilibrium allocation. Since this is a model with
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incomplete markets, I need to be a little careful and define feasibility more strictly than usual.
Specifically, a feasible allocation is one attainable by committing to an infinite sequence
of debt issuances while still being subject to the lack of commitment when it comes to
the default decision. The signalling motives in the baseline model help push equilibrium
borrowing levels down in the long run, moving the competitive equilibrium allocation closer
to the allocation a planner would choose when that limited commitment (with respect to the
default decision) constraint is imposed. Thus, the signalling motives induced my information
asymmetry are acting, on their face, as a substitute for various macroprudential policies

intended to limit borrowing, such as fiscal rules.

That said, this result also indicates that literal fiscal rules (limits on debt levels or issuance)
may reduce both government payoffs and consumer welfare. According to my results, such
rules will disproportionately distort the decisions of the low type (i.e. the type that borrows
more will usually be more impacted by limits on borrowing). When the low type’s borrowing
decision is exogenously constrained, it can become significantly more costly for the high type
to prove its identity to lenders (it may have to pull back on borrowing much more than it
has to in the benchmark model). If signalling becomes too expensive for the high type, it
may simply give up on the whole exercise and start borrowing more. It is therefore plausible

that imposing a fiscal rule would actually lead to more borrowing and default!

7 Conclusion

In this paper, I built a flexible model of sovereign borrowing, default, and renegotiation
with asymmetric information. I then calibrated this model, disciplining the reputation-
related parameters using post-restructuring patterns of interest rate spreads observed in the
data. Using the calibrated model, I examined which decisions, in equilibrium, convey the
most information. Here, I found that the most important set of decisions in determining a
country’s reputation are its borrowing decisions. This suggests that the literature’s focus on
default itself as the key behavior that distinguishes responsible types from irresponsible types
may be incomplete, and that more work should be devoted to how differences in borrowing

patterns, conditional on repayment, lead to differences in reputation.
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After estimating the model and analyzing some notable patterns of behavior present in the
calibration, I moved on to validating the model by showing that the predictions it makes
about how debt issuance decisions feed into a country’s reputation have real quantitative bite.
I showed that I can use the model to develop a way to measure countries’ reputations using
real world data on debt issuance. I then do a few tests of this measure, some stylized and some
systematic. In particular, I showed that this model-filtered measure of reputation provides
significant additional information in explaining interest rate spreads and default probabilities.
This implies that the model is picking up on important patterns in the determination of

sovereign borrowers’ reputations.

Finally, I used the model to examine the implications of programs which increase trans-
parency in policy making. Here, I showed that by weakening or even removing the signalling
motives in place in the benchmark asymmetric information case, such policies can have sig-
nificant negative effects on both government payoffs and consumer welfare. These effects
arise because the presence of signalling motives gives the government a type of pseudo-
commitment, a way to prevent its future selves from borrowing too much. Of course, there
may exist other channels by which such policies could have positive effects, but it is impor-
tant to account for this channel in considering whether to implement audit programs when

extending debt relief to troubled countries.
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8 Appendix

8.1 Data and Empirical Analysis Details

In this section, I first describe in detail how I construct my dataset. I then present the full

results of the main regressions, including coefficient estimates for all control variables.

In order to calculate the implied constant hazard rates between each two pair of adjacent
tenors, I use risk neutral cumulative probabilities of default provided in the IHS Markit data.

For any two nodes t years and t + k years, I calculate this as

\ 1l L — Dy,
ek =TI\ T " p, )

The underlying risk neutral cumulative probabilities of default D, can be calculated using
prices of CDS contracts for different tenors and the appropriate zero coupon safe yield curve.
The appendix of Hébert and Schreger (2017) explains in some detail this process (which is
used by IHS Markit).

For every country-day observation in the Markit data, I calculate the probability of default
in the remainder of the current calendar year (adjusted for the number of days remaining)
as well as the forecast probability of default each of the next 5 calendar years (i.e. January

1 to December 31, inclusive). I then take the mean of these values within each month.

These forecast default probabilities of default are then merged with forecasts of economic
fundamentals and fiscal variables from the IMF’s biannual World Economic Outlook (WEO)
and a set of contemporary controls for which forecasts are not available. When merging
forecasts with forecasts, I merge on 1) country, 2) the date the forecast was made, and 3)
the time period the forecast refers to. Since the forecast default probabilities are monthly
while the WEO is updated once every six months, I map WEO forecasts into the month
they are released as well as the five months before the next WEO forecasts are released. The
key variables I draw from the WEOQO are 0-5 year forecasts of real GDP per capita growth,

the ratio of current account balance to GDP, CPI inflation, the general government debt
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to GDP ratio'®, and the ratio of the general government budget deficit to GDP. Since the
convention for reporting debt is that year ¢ observations contain end of year values, but the
beginning of year value of the debt is the relevant quantity for decisions about default in

that year, I use lagged debt to GDP as the measure of indebtedness.

When merging the full forecast dataset with the contemporary controls, I merge on 1) coun-
try, 2) the date the forecast was made. These variables are all available on a monthly basis,
and the literature has shown most are important determinants of credit risk. These controls
are the Barclay’s High Yield Corporate Index Yield to Worst (YTW), the PRS Group’s
Political Risk Rating, Standard & Poor’s long term foreign currency issuer rating (converted
to a numeric score), and the CDS Curve Liquidity Score. With the exception of this Curve
Liquidity Score, all the independent variables included so far are standard in the literature on
predicting sovereign spreads and default probabilities (see, for example, Cruces and Trebesch
(2013)). The CDS Curve Liquidity Score is a measure of CDS market liquidity produced
by IHS Markit. It ranges from 1 to 5, with lower values indicating higher liquidity. I use
the average value in each month. Finally, I also use the database of Asonuma and Trebesch

(2016), updated to 2020, to determine when defaults and restructurings occur.

The details of sample selection and exclusion are provided in full in the main text. Table 10
contains the full results of the learning regressions (presented in the main text in Table 1),

including coefficients for all controls.

Consistent with much of the literature (e.g. Cruces and Trebesch (2013) or Catao and Mano
(2017)), I find that credit ratings have a strong negative effect on default probabilities. On
the other hand, both tighter and more risk averse global investment climates (as measured
by the high yield corporate YTW) and political risk have strong positive effects on default
risk. Furthermore, I find that forecast debt to GDP, current account deficits, and inflation
all have strong positive effects on default risk. All of these estimates are relatively consistent

across subsamples, and their signs are generally consistent with most of the literature.

16Qccasionally, countries change the valuation method for public debt. I exclude all observations where
the valuation method is market value, in order to avoid confusing the effects of changes in price and changes
in quantity. Furthermore, when I construct the observations for the regression by differencing forecasts made
at different dates, I exclude all pairs where the valuation method changes from one year to the next.
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Table 10: Results of Learning Regressions

Ay 4+1Log Odds of Default, ;.

Full Sample

Excl. Super
Safe Issuers

Excl. Super
Safe & Europe

At 41 Liquidity -0.045%* -0.051°%4* -0.026
(-2.484) (-2.648) (-1.001)

At 441 Barclays High Yield Corporate YT'W 0.171%** 0.171%%* 0.178%**
(17.268) (16.745) (17.950)

Ayi41 LT FC Rating -0.149%%* -0. 15174 -0.162%+*
(-9.449) (-9.512) (-7.888)

Ay 441 Political Risk 0.035%4* 0.033%** 0.028%#*
(6.096) (5.565) (4.475)

A¢1E[Debt to GDPyy ] 0.012%#* 0.012%** 0.008%*#*
(6.817) (6.728) (3.921)

Ay +1E[Budget Deficit to GDP, ] -0.013 -0.012 -0.012
(-1.610) (-1.511) (-1.509)

Ay 11E[Real GDP per Capita Growth, ;] -0.003 0.002 -0.000
(-0.134) (0.118) (-0.016)

At 11 E[Current Account Balance, ] -0.015%** -0.014%** -0.021%%*
(-2.935) (-2.821) (-3.845)

At 1 E[CPI Inflation; ] 0.048%** 0.04 7% 0.053%**
(3.117) (3.020) (3.365)

Debt to GDP Surprise, -0.004 -0.004 -0.000
(-1.079) (-1.148) (-0.126)

Budget Deficit to GDP Surprise, 0.020%** 0.019%** 0.017**
(2.809) (2.592) (2.510)

Real GDP Per Capita Growth Surprise;, |, -0.001 -0.002 0.006
(-0.141) (-0.206) (0.506)

Current Account Balance Surprise; ), -0.007 -0.008 -0.007
(-1.245) (-1.338) (-1.287)

CPI Inflation Surprise,, 0.019** 0.021** 0.037#+%
(2.001) (2.245) (4.248)

WEO Edition Fixed Effects Yes Yes Yes
N 23,382 21,499 12,428
R? 0.318 0.328 0.337
Within-R? 0.131 0.134 0.168
Country-WEO Edition Clustered SEs Yes Yes Yes

* denotes p < 0.10, ** denotes p < 0.05, *** denotes p < 0.01
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8.2 Bargaining Model

In this section of the appendix, I proved a detailed description of the bargaining model that
gives rise to the probabilities ¥r(s) and pp(7,b'|s).

8.2.1 Renegotiation

I follow Dvorkin et al. (2021) in using an alternating offers structure of renegotiation. Be-
fore renegotiation potentially starts, the state of the world is just (s,6). Opportunities to
renegotiate arrive randomly with constant probability . Let N denote whether an oppor-
tunity to renegotiate arrives in the current period (N is not realized until the government
is in bad standing, so, if the government enters a period in good standing, it does not know
N when choosing whether to default). If an opportunity arrives, the identity of the party
proposing the deal P € {G, L} is drawn with wg the probability that the proposer is the

government.

If no opportunity for renegotiation arises, then the period ends and lenders update their
beliefs to account for possible type switches between periods. If an opportunity arises, the
renegotiation process begins. The proposer makes a take it or leave it offer to the other
party. Offers consist of an ex post unit value to lenders @), so a lender holding a unit of
the bond will receive value @) if the deal is agreed. There is a finite set 2 of values that @)
can take. If the other party accepts the deal @), the country enters the restructuring process
committed to deliver a total value of Qb (where b was the level of defaulted debt) to lenders

this period. If the deal is rejected, the country remains in default and the period ends.

As the bargaining game is played, there will be some key points in time when it is useful
to specify the state of the world. First, right after N and P are realized, the public state
of the world is s; = (s, N, P). At this point in time, a vector of preference shocks for the
proposer 75 = {n°(Q)}gee are also realized. If the government is the proposer, then the
private state for the government is ¢ = (6,75) and there is no private state for the lenders.
If the lenders are the proposer, then the private state for the government remains simply

0S¢ = 6, but the private state of the lenders is 0F = nb.
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Second, once the proposer chooses (), the public state of the world becomes sy = (s2,Q),
and a set of preference shocks for the receiving party nft = {n¥',n"} are realized. If the gov-
ernment was the proposer, then the government’s private state of the world simply remains
0§ = 0%, while the lender’s private state is 6% = n&. If the lenders were the proposer, then
the private state of the government becomes 05 = (6%, nE) while the lender’s private state

remains 0 = 0F.

Third, after the receiving party chooses A, the public state of the world becomes s3 =
(52, A), and a final set of restructuring preference shocks v = {vf(b')}yc is realized. The
government’s private state of the world then becomes 6§ = (65, v), while the lender’s private

state remains 6% = 01

I now lay out the value and price functions implied by this sequence of events. The value of

a government in default is
Vi (5,0) = Y(weE[Viig(s1,09)|P = G + (1 — we) Vi, (s1,09)) + (1 = )V (s1,607).

where V2 (.) is the government’s value in default when an opportunity to renegotiate arises
and party P is the proposer, and V:fj’vl(.) is the value to the government in default no
opportunity arises. When bargaining fails in subperiod ¢, the value to the government

is

Vo (6, 05) = (1= Br) (uly) — ér(s. ) + BrE[VY (s, 6)[s, T]

7' =Ty (si)-
Similarly, the value to the lender of holding a bond at the beginning of a period is
47 (s) = Y(wadic(s1) + (1 — wa)E[GY (s1, 07)|P = L]) + (1 — ¢)g n (s1).

where g2 (.) is the lenders’ value if an opportunity to renegotiate arises and the government
is the proposer, ¢P(.) is their value if an opportunity arises and they are the proposer, and

qi)jé(sl) is their value if no opportunity arises. When bargaining fails in subperiod ¢, the
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value to lenders is

When an opportunity for renegotiation arises and the government is the proposer, it solves
‘/d,DG(Sh QIG) - glgg PT(AL = 1|SI> Q)E[WRS(SD Q, 1, €§)|AL = 1]

+ Pr(Ar = 0ls1, QV,58 (51, Q,0) +1°(Q).-

The first term in the maximization, V,/*¥(.), represents the value to the government of entering
the restructuring process with this updated value of reputation and obligated to deliver a
total payment of Qb to lenders, weighted by the probability that lenders accept the offer @,
Pr(A;, = 1|.). The second term in the maximization, Vdf)]\’,z(.), represents the value to the
government of remaining in default with that same updated value of reputation weighted
by the probability that lenders reject the deal @), Pr(Ar = 0|.). The final term is just the

preference shock for choosing to propose the offer ).

After the government makes an offer and lenders update their beliefs based on that decision,

the receiver’s vector of preference shocks n% = {n¥, n™} is drawn and lenders solve

Wel52,05) = max A Q0|+ (1= Ap)|afR(ss) + "]
' Ape{0,1} ’

If the deal is agreed, the value to the lender will simply be @Q + n¥. If it is not agreed, then
the lender retains their claim and the value associated with it, qg}\?;(53), and receives the
preference shock associated with rejecting the deal n?¥. The ex ante value to lenders when

the government is chosen to propose a deal is then

q£G<Sl) = E[Cfgc(slaQ*G(Sl»gf)aezLNSl]'
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If lenders, on the other hand, are the party chosen to propose a deal, then they solve

Q21 (s1,07) = max Pr(Ag = 1]s;, Q)Q + (1 = Pr(Ac = sy, Q))a4 v (51,Q,0) +n°(Q).

Once lenders make an offer, the government decides whether to accept it by solving

Vit (s2,05) = max AG(E[VS™ (s2,1,6)] +0") + (1 = Ac) (V' (s2.0,6) + ")
G )

If the government accepts the offer (Ag = 1), it gets the expected value E[V,F(.)] of re-
structuring its debt when promising to deliver value @b to lenders, and the taste shock for
acceptance. If it rejects the offer (Ag = 0), it gets the value of remaining in default, Vd7DA’,3(.)
and the taste shock for rejection. In both cases, lenders update their beliefs based on the

government’s choice. The ex ante government value when lenders are the proposer is:

Vi (s1,607) = B[V (51, Q7 (s1,61). 65) 3]

8.2.2 Restructuring

Once a deal @) is agreed, the government has committed to deliver lenders W = Qb value
and moves to the restructuring process (i.e. deciding how to deliver ). At this point, it
regains access to international markets and can use a new auction of debt to fund W. The
shocks v = {vf¥ (V) }yyc s are then realized and the government solves:
Vi (s3,05) = max (1= Br)(u(c) = ¢r(s,d)) + BrE[V (s, 0)]s, T] + v ()
cC+T1T=1y
Qb =1+ q(s, 7', 0" )V

= F?S(T, b'|s3)

This renegotiation/restructuring protocol is more flexible than one restricted to face value
haircuts (i.e. there is only a change of the debt level from b,y t0 byew; see D'Erasmo (2011)

or Sunder-Plassmann (2018) for examples of this). It allows for an exchange of old bonds for
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new bonds as well as a cash transfer at the time of the exchange. Since such transfers are very
common elements in real world restructuring deals,'” the correlation between restructuring
outcomes and future interest rates will be key for identifying the parameters of my model,
it is important to allow for them. Furthermore, it allows measured haircuts in the model to

be different from the face value reductions in the debt.

8.3 Equilibrium

An stationary recursive competitive equilibrium for this environment consists of:
1. Value functions V, VE VP, V]\?, ;li, Vdf)g, Vd/?L, ‘A/dj?L, VS,
2. Price functions g, q(?, qi}f;, ngg, Cfcll?g, QC?L;

3. Policy functions d*, 0", Q%, QL. AL, AL, The, Vg

4. Belief update functions I'?, Fi}@, rEs.
which satisfy the following sets of conditions (for the full, detailed list, see the appendix):

1. Given values, belief updates, and prices, all policy functions are optimal.

2. Given prices, belief updates, and policies, all value functions satisfy their functional

equations.
3. Given belief updates and policies, all price functions satisfy their functional equations.

4. All belief update functions are consistent with the policy functions and Bayes’s Law.

8.3.1 Existence

In this section, I prove that, under certain assumptions, an equilibrium must exist. Some of
these assumptions are simply to ease the notational burden of the proof and do not affect
its generality. Others have a material impact on its generality. Whenever one falls in this

second category, I note it explicitly. I begin by stating the assumptions I need to make

"For example, in the Greek Government Debt Restructuring of 2012, short term notes guaranteed by the
EFSF were about a third of the portfolio lenders received in exchange for their existing bonds (Zettelmeyer
et al., 2013). Since these notes were extremely safe and liquid, they are effectively a cash transfer.
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about functional forms, distributions, and state spaces. Then I state the main theorem on

existence, and sketch its proof (the full details are in the appendix).

Assumption 1. Finiteness of choice sets: %8 C R and 2 C R are both nonempty and
satisfy | %] = N, < 00 and | 2] = Ng < 00. 0 € £ and min{#} = 0.

In short, choice sets facing all parties are always finite. 0 € 2 guarantees that there is always
a feasible choice for the government during the renegotiation process,'® and the assumption

that 0 is the lowest debt value eases the notation needed to define auction revenue.
Assumption 2. Preference shock distributions:

1. The preference shocks under repayment are distributed Generalized Type One Extreme

Value with scale parameter o, and correlation parameter pe.

2. The preference shocks while in default are distributed Type One Extreme Value with
scale parameters o)  where X € {G,L} and Y € {P, R}.

3. The preference shocks while completing the restructuring process are distributed Type

RS

v .

One Extreme Value with scale parameter o

4. The location parameters of every distribution are set such that the mean value of each

individual shock is zero (i.e. yu = —~o where ~y is the Euler-Mascheroni constant).

The first key implication of this assumption are that ex ante values, choice probabilities, and
posterior beliefs are continuous in the values of individual choices. The second is that, as the
value of a choice goes to —oo, the probability it is chosen goes to 0. The third is that, as the
difference in value between two choices goes to 400, the ratio of their choice probabilities
goes to +00. These second and third results allow me to show that there is an assignment rule
for beliefs at infeasible choices that preserves the continuity of the update operator defined
later. The Type One Extreme Value Shocks guarantee both of these as well as conveniently

yielding analytical expressions for choice probabilities and ex ante values.
Assumption 3. Finiteness of state space:

1. s € & with & nonempty and finite.

18T could instead let the government decline to make an offer, but that would complicate the exposition.
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2. T € {H, L} and the transition matriz for T has entries pyg € (0,1) and prr € (0,1)

on its main diagonal. By > Pr.
3. me Il with IT C [0,1], |II] < 400, and II satisfying {0,1} C II.

Part 2 of this assumption eases the notational burden in the proof. Parts 1 and 3 of this
assumption slightly reduce generality of the existence proof. They are required to ensure
that the set of equilibrium objects can be construed as a single vector in a high but finite
dimensional Euclidean space, so that I can apply results about continuous mappings between
such spaces. Working in a similar environment, Chatterjee et al. (2023) make the same
assumptions on the cardinality of . and II. In order to deal with how beliefs evolve from
one period to the next when the posterior belief at the end of a period 7 would evolve to a
value 7’ ¢ II, I follow Chatterjee et al. (2023) in defining the randomization rule g(7’, |7’)

and modified expectation operator E[.|#'] as follows:

Definition 1. Randomization rule for belief evolution: For any function f(n'), set

A

E[.|7] by:

el
So g maps 7 € [0, 1] to weights on grid points in II. I assume the following about g¢:
Assumption 4. Randomaization function properties:
1. For every #', B['|7] = #'.
2. For every n' € 11 g(n'|7") is continuous in 7'.

These simply require that g maintain the consistency of beliefs, on average, as well as guar-
anteeing that certain key expected value terms be continuous in posterior beliefs. Finally, I

make some assumptions about the issuance cost function and then the utility function.

Assumption 5. Functional form of issuance cost: i(s,m, b, h,b') can be expressed as:

0 b o< (1—A)b

H(S(s, 7 V))q(s, 7 0) (Y — (1= A)b) 0> (1—\)b



where 7' is the next period prior after beliefs are updated from w, taking into account other
previously observed actions this period h as well as the debt choice V', §(s, 7', V') is the proba-

bility of a default occurring in the next period, and i : [0,1] — [0, 1] is a continuous function.

In short, the cost of issuing debt is a fraction of the resulting revenue is a continuous function
of the next period default probability, and depends on nothing else. I make the following

assumptions about the utility function and the costs of defaulting:

Assumption 6. Utility function: u : R, — R is continuous, increasing, and has

lim, o u(z) = —o0.
These are standard conditions. I can now state the main theorem of this section

Theorem 1. Equilibrium FExistence: Suppose that assumptions 1, 2, 3, 4, 5, and 6 hold.

Then an equilibrium exists.
Proof: see full proof below.

While I relegate the full details of the proof to the following section of this appendix, I
sketch its main components here. The strategy is partially based on the existence proof
in Chatterjee et al. (2023). Finiteness of the (s, m,b) states and the choice sets guarantees
that there are only finitely many combinations of states and within-period sequences of
actions. Thus, all values, prices, and belief updates are vectors in some high (but finite)
dimensional Euclidean Space. This gives me access to certain theoretical results about
continuous mappings between compact, convex sets of such spaces (in particular, Brouwer’s
Fixed Point Theorem). The assumptions on the issuance cost function and the randomization
rule guarantee that consumption values are continuous in prices and posterior beliefs, and
the parametrizations of the preference shocks ensure that both choice probabilities and ex
ante values are continuous functions of the values associated with the individual choices.
This ensures continuity of the mapping which updates the values of all equilibrium objects
at any feasible choice sequence (where feasibility means that the consumption value yielded

by a choice sequence is strictly positive).

The main complication that arises in the proof is choosing how beliefs evolve after infeasible

choices to ensure that, as a choice becomes just infeasible (i.e. ¢ | 0), the limit of the sequence
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of posterior beliefs matches the value assigned when that choice is infeasible. While it is easy

to show that values and choice probabilities remain continuous here, the definition for the

posterior belief reads % in the limit. It turns out that the consistent assignment rule for

posterior beliefs after an infeasible choice puts full weight on type with the highest 5. While
all types play the action that is just barely feasible very rarely, the type with the highest
beta puts the smallest weight on the extremely large negative number associated with utility

from consumption in the current period, since values are written given by:
(1 = pr)u(ec) + BrEV(T)

Therefore, as u(c) goes to —oo, the type with the highest 5 chooses this option infinitely
more frequently than the other types, ensuring that the limit of the posterior beliefs puts full
weight on the type with the highest 3, just like the assignment rule at infeasible choices.

The notation for this next section is still being revised.

8.3.2 Full Definition of Equilibrium
An stationary recursive competitive equilibrium for this environment consists of:
1. Value functions V, VE VP VP VP VP VP VP VES,
2. Price functions ¢, ¢”, ¢%, a8, 45, q%;
3. Policy functions d*, b™, Qf, Q%, AL, AS, bs;
4. Belief update functions T?, TR T T4 RS,
which satisfy the following conditions:

1. Default decision optimality: given I'p, V¥, and V£, d* solves the government’s default

or repay decision problem and V' is the resulting value function.

2. Borrowing decision optimality: given V, ', and ¢, b"* solves the government’s repay-

ment problem and V¥ is the resulting value function.

3. Zero profits: given ¢”, I'p, ', d*, and b'*, q satisfies the functional equation defining
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10.

11.

12.

13.

prices while in good standing.

Offset of initial value of default: given VP VP satisfies the equation defining the value

of default in the period of default.

Government default value if no deal agreed: given VP, V{2 is the value function for

the government when no deal with lenders is agreed.

Lender default value if no deal agreed: given g7, ¢¥ is the defaulted bond price function

when no deal is agreed.

Ex ante government default value: given V¥, V2 and VP, VP is the value of be-
ing in default before resolution of the uncertainty about whether an opportunity to

renegotiate arises.

Ex ante lender default value: given ¢%, g2, and G2, ¢ is the defaulted bond price before

resolution of the uncertainty about whether an opportunity to renegotiate arises.

. Government deal proposal optimality: given A%, VS VP and Fg, % solves the

problem of the government when deciding what offer to propose to lenders and V2 is

the resulting value function.

Lender deal acceptance optimality: given ¢X, A% solves the lender’s problem when
deciding whether to accept a deal proposed by the government and g5 is the resulting

price function.

Ex ante lender value if receiving proposal: given G2, T%, and QF, g2 is the ex ante
price of the bond when an opportunity to renegotiate arises and the government is

chosen to be the proposer.

Lender deal proposal optimality: A%, T'4, and ¢¥, Q% solves the problem of lenders

when deciding what offer to propose to the government and ¢? is the resulting price

function.

Government deal acceptance optimality: VZ VP and I'4, A% solves the government’s
problem when deciding whether to accept a deal proposed by lenders and VLD is the

resulting price function.
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14. Given VLJJ and Q% , V/ is the ex ante value to the government when an opportunity to

renegotiate arises and lenders are chosen to be the proposer.

15. Government restructuring choice optimality: ¢, V, and T'®9 bzs solves the govern-

ment’s problem of restructuring its debt and V®9 is the resulting value function.

16. Bayesian updating: belief updates I'?, T'%, Fg, I TR are consistent, respectively, with

the policy functions d*, 0", QF, AL, bhg and Bayes’ Law.

8.4 Proof of Theorem 1

In this section, I prove that under the assumptions made in the text, an equilibrium must
exist. In order to make the exposition of this proof easier to follow, I will adjust some of the
notation I have been using. None of these notational adjustments have a material impact on
the proof. The most significant of these adjustments is in dealing with belief updates which
occur within a period. Instead of using the within period posterior belief as a state variable,
I use the beginning of period prior belief as well as the history of actions observed during
the current period. Since beliefs are update using Bayes’s Law, these two formulations are

exactly equivalent.

In order to do that, I must first define (and redefine) some quantities and functions. This
section will proceed as follows. First, I define some bounds for value functions and price
functions. Second, I define a reduced set of equilibrium objects from which the full set defined
above can be recovered. Third, I define an operator which updates that set of equilibrium
objects. Fourth, I show that this operator is a continuous mapping of a compact, convex set
into itself, and therefore, according to Brouwer’s Fixed Point Theorem, must have a fixed

point.

Definition 2. 1. Set ¢™** by:

1
g = max{qRF, max{Q}} + 1_—l (UEGZOQ(Q) + JiLZOQ(NQ)>
R
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where ¢"*F is the unique solution to:
rr_ 1 RF
q :}—z()\—i—/i—k(l—)\)q )

i.e. the risk free price of the bond.

2. Set V™ py:

1
U(g’é@(y_FQmax max v)+ e (aelog(Nb+1)+af;Glog(NQ)+Ule0g(2)—l—JfSlog(Nb)>
3. Set V™ py:
i — d
grég}{u(y)} (s,T,d)enyl?f};L}x{o,1}{¢T(8’ )}

The upper bound for ¢ is simply the largest sequence of raw payments lenders can ever
receive for it plus the maximum possible contribution of preference shocks to their values.
The upper bound for V' is simply the fundamental value (i.e. without preference shocks)
of consuming the highest value of consumption possible plus the maximum contribution of
preference shocks to the government’s value. The lower bound on V' is simply the value of
being in default in the worst output state with the largest penalty forever. Since always
defaulting, always proposing () = 0 and then choosing v’ = 0, and always declining deals
from lenders is a feasible sequence of actions, this provides a lower bound on values for the

government.

With these assumptions and definitions in hand, I now define the reduced set of objects

which I will use to prove that an equilibrium must exist:

Definition 3. Let X denote a generic member of the set 2", to be defined below:

X :<V(5,T,7T,b), VD(S,T,TF, b),(j(s,ﬂ/,b/),CYD(S,ﬂ',b),S(S,ﬂ'/,b/),
TR 7|5, b), TP (s, b), TE(d, Q, 7|, b), [P (d, Q, 7|5, b),

TE5(d,Q,V, x|, b), TH(d, Q,V, 7|, b))
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where:
1V x {H L} x Il x B — [Vmin, /maz]
2. VP x {H, L} x Il x Bx — [Vmin ymaz]
3. G:. S < x B — [0, "]
4. q7 S x U x B — [0,¢m*]
5 0:. %Il x % —[0,1]
6. TR: B xU xS x%B—|0,1]
7. TP xII x ¥ x B — [0,1]
8. TE:{0,1} x 2xTI x.¥ x B —[0,1]
9. TP {0,1} x 2x I x ¥ x B — [0,1]
10. TES {0, 1} x 2 x Bx N x ¥ x B —[0,1]
11. TS {0, 1} x 2x B x I x ¥ x B — [0,1]

Set X to be the set of mappings from the product of these 11 domains to the the product of

these 11 codomains.
Now, define the feasible sets of choices for the government as:
Definition 4. Feasible sets
1. FE(s,m,b) ={b € Blc(s,m,b,V) > 0}
o Flmp) = {0,1} FB(s,m,b)#0
{1} FR(s,m,b) =10
3. FE(s,mb,d, Q) ={V € B|cE(s,7,b,d,Q,V) > 0}

. FES(s,7,b,d, Q) = {b € B|cE(s,m,b,d,Q,V) > 0}

N

5. FE(s,m,b,d) = {Q € 2|\.ZF5(s,7,b,d,Q) # 0}
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{0,1} F5(s,7,b,d,Q) # ()

{0y F¥(s,m,b,d,Q) =0

6. FP(s,m,b,d,Q) =

where the repayment consumption function and auction prices are given by:

" =D(CR®W, n|s, b))

and the restructuring consumption functions and auction prices, for X € {G, L}, are given

by:

w =TT (d, Q. 7s,b))

I can now define the operator T" which updates X.

Definition 5. The update operator: SetT : 2~ — Z by:

T(X) - (Vne’wa Vn’éuﬂ q_newa Q1?5w7 5716107 F'few? FD

new?’

FD FRS FRS

Lnews ~ Gnew? L,new)

FD

G new

Where the objects in this list are obtained as follows:

First, I obtain the ex ante values of restructuring, choice probabilities associated with re-

structuring choices, and new restructuring belief update functions. To do this, for each

Qe 95(5,77,6, d), set VGRS(S,W, b,d, Q) by:

VEs (s, T,v™ 1, b,d, Q) = max (1= Br)(u(cg’(s,m,0,d,Q,)) — ¢r(s, d))

Y eFES (s,m,b,d,Q)
+ BrE[V (s, T, 7' V)5, T.4'] + vgs (V)

7 =D(E(d, Q, V', n|s, b))
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Then define the government’s ex ante values VZ5 (s, T, 7, b,d, Q) and its choice probabilities

pgs(87 T? 7T7 b? d7 Q? b/) by:

VES(s,T,7,b,d,Q) = E[VES(s,T,v™ 7,b,d, Q)]
P (s, T, m,b,d,Q,b) = Pr(bx*(s, T, v m,b,d, Q) = V')

Similarly, for each Q € 2 such that FP(s,m b,d,Q) = {0,1} (i.e. accepting the offer Q
when that offer is made by lenders results in there being a feasible way to deliver Qb of the

consumption good to them), set V79(s, m, b, d, Q) by:

VES (s, T, v 7.0, d,Q) = max (1 — Br)u(ctS(s,7,b,d,Q, b))
b’e?zfs(s,mb,d,Q)

+ BTIAE[V(Slv T/J 7T/7 b/)‘57 T7 ﬁ-/] + VRS(b/>
' =T(I5(d,Q,V, 7s,b))

Then define the government’s ex ante value V/* (s, T, 7,b,d, Q) and its choice probabilities

pgs(‘S? T? 7T7 b? d? Q? bl) by:

VIS(s,T,m,b,d,Q) = E[V/*(s, T, 0", 7,b,d,Q))]
3 (s, T,m,b,d,Q,b) = Pr(b™* (s, T,v" 7,b,d,Q) = V)

This completes the construction of the set of new objects associated with the restructur-
ing process and that I need in order to update the objects in T(X) associated with the

renegotiation and restructuring process, as well as the repayment problem.

I now move on to the updates associated with the renegotiation. I first consider the case

where the government has been chosen to propose a deal. First, for each Q € ZF (s, ,b,d),

66



define the value to the government of exiting the period without a deal as:

VGD,N(S7 T’ T, b’ d’ Q) = (1 - /BT)(u(y) - ¢T(3a d))
+ 5TE[VD(S/> Tla 7T/7 b)|57 T, ﬁ-,]

[(2(d, Q. 7ls, b))

7T/

Similarly, define on the same set the value to lenders of exiting a period without a deal

as:

1~
qg,N(SJ T, ba da Q) = EE[QD(S/, 7T/, b)|8, ﬁ/]

m =T(Tg(d,Q,|s,b))

Now define lender lender values and policies after the government has made the feasible offer

Q as:

~D R Y
7, d,Q) = max Ay|Q -+ |
4o (s,mp, ™ Q) omax Ar Q+n

+ (1 - AL) [quV(S, , b7 d> Q) + 77N

Then define the ex ante lender value and average policies in this case as:

Qg(s7 7T7 b? d7 Q) - E[qé)(S? ng? Tr’ b7 d7 Q)]
flL(s,W,b, d,Q) = Pr(AZ(s,ng,ﬂ,b, d,Q)=1)

Then I can define the government’s problem as:

VP (s, T,nh,m,b,d) = max  Ap(s,m,b,d, Q)VE (s, T,m,b,d,Q)

Qefzg (s,m,b,d)

+ (1= Ag(s,m,b,d,Q))VE (s, T,m,0,d, Q) +n°(Q)

Using this, I can then define, for the case when the government is chosen to be the proposer,
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the government’s ex ante value and choice probabilities:

V& (s, T,m,b,d) =E[VE (s, T,np, 7, b,d)]

pg(SJ T7 7T7 b7 d? Q) — PT(QE:(S’ T7 ng? 7T7 b7 d) - Q)
From the lenders’ perspective, this implies choice probabilities and ex ante values are:

ﬁg(saﬂ-7b7 d7 Q) = F8<d7 Q77T|S7b>pg(87H77T7 b7 d; Q) + (1 - Pg(daQ77T|87 b))pg(sa Laﬂ-?bu d7 Q)
gg(s?ﬂ-’[% d) = Z ﬁg(s,ﬂ',b, d7 Q)qg(saﬂ'a b7 da Q)

QeFE (s,mb,d)

That completes the construction of required new values and beliefs when the government
is chosen to be the proposer. I now move to the case where the lender is chosen to be the
proposer. Again, I begin with definitions of values for both parties if they exit the period

without a deal. The value to the government in this case is:

VL?N(SaT?ﬂ-vZ% d7 Q) = (1 - 5T)(u<y) - (bT(S?d))
+ BrE[VP (s, T, 7', b)|s, T, #']

" =T(P(d,Q,x|s, b))
Similarly, the value to lenders of exiting a period without a deal is:

1 -
QE,N(‘S? T, b7 d7 Q) = EE[QD(S,, 7T,, b>|8, ﬁ'/]

" =TD(P(d,Q, x|s, b))
I now define the government’s problem once lenders have made an offer:

VP (s, Tnp,mb,d)=  max AV, T,7,b,d,Q) +n")

AG Eyll,) (577T7b7d7Q)

+ (1 - AG)(VL?N(S7 Tv T, ba da Q) + 77N)
These values and the associated policy functions let me define the government’s ex ante value
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when lenders make a given offer and its choice probabilities by:

VP (s, T, 7, b,d,Q) = E[VLD(S,T, nE, w0, d)]
Ag(s,T,m,b,d,Q) = Pr(A5(s, T,n5, 7, b,d) = 1)

Using these choice probabilities, I can then write, from the lender’s perspective, the proba-

bility that an offer will be accepted as:

_ wAq(s, H,m,b,d, Q)+ (1 —m)Aq(s, L, 7,b,d,Q d=0
AG<877T7b7 da Q) = ( ) ( ) ( )

FD(7T|S7 b)AG(S7 H7 T, b7 d7 Q) + (1 - FD(W|S7 b))Ag(S, L7 , ba da Q) d=1

which in turn lets me define the problem of the lender when proposing an offer as:

D P _ 1
qr, (87 Np, T, ba d) — glg;%{AG(SJ ™, b7 da Q)Q

+ (1= Ag(s,m,b,d,Q))qr (s, b,d,Q) +1°(Q)

Finally, I can define lenders’ ex ante values when chosen to be the proposer, their choice
probabilities, and the government’s ex ante values when lenders are chosen to be the pro-

poser:

QE(S, , b, d) = E[qf(s, 7757 m, b, d)]
ﬁ?(87 7T7 b7 d7 Q) - PT(Q2<S7 ,'757 7T7 b7 d) - Q)

VP (s, T, b,d) = Y pp(s,m,b,d,Q)V (s, T, m,b,d, Q)
Qe2

Finally, I can then define values to both sides before it is determined whether a renegotiation

will arise in the current period. These are:

VP (s, T, b,d) = p(wgVE (s, T,7,b,d) + (1 —wg)VP (s, T, m,b,d)) + (1 — )V (s, T, 7, b,d)

¢”(s,m,b,d) = P(weig (s,m,0,d) + (1 — we)qr (s, m,b,d)) + (1 — )y (s, 7, b, d)
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where the values if no opportunity arises in this period Vi and ¢¥ are given by:

V]\?(‘SaT’ﬂ-?b’ d) = (1 - BT)(U(?J) - ¢T(S7d))

+ BrE[VP (s, T 7' b,0)|s, T, 7]

1 -
q (s, m,b,d) = EE[qD(s’,W', b)|s, 7]

=

Immediately, this allows me to define updated versions of V? and g” as:

VB (s,T,mb) =VP(s,T,mb,0)

T (S77T7b) = QD(Saﬂ-aba O)

qnew

I now move to characterize the set of updates associated with values and policies when the
government enters the period in good standing. After that I will define the full set of new
belief update functions. Given V, I''!, and ¢, I can define the government’s problem if it

chooses to repay its debt as:

VE(s,T,e,m,b) = max (1 — Br)u(c(s,,b,b))

b'eF E(s,m,b)

and, given this and V7, the government’s problem of deciding whether to default is:
V(s,T,e,m,b) = max d(VP(s,T,m bd)+e”)+ (1 —d)VE(s,T, e, b)

deF (s,m,b)

These let me define update ex ante government values when entering the period in good
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standing, and the government’s choice probabilities:

Voew(s, T, m,b) =E[V (s, T, €, 7,b)]
pa(s, T,m,b) = Pr(d*(s,T,e,m,b) =1)
py (s, T,m,b) = Pr(b”(s,T,e,m,b) =)

These type-specific choice probabilities then allow me to define the choice probabilities from
the point of view of the lenders, an updated one period ahead default probability, and an

updated price function ¢:

Da(s,m,b) = wpa(s, H,mw,b) + (1 — 7)pa(s, L, 7, b)
Onew(s, 7', V) = E[pa(s’, 7', V)| s]
oy (s,m,0) = m(1 — pa(s, H,m,b))py (s, H,m,b) + (1 — m)(1 — pa(s, L, 7, b))py (s, L, m,b)
(s, V) = ZE[puls', 7, B)” (1,7, 1) + (1= puls!, 7, H)) (A + )
b el Bl A )
b EFR(s! w0 b

’fr” — F(FR(bH, 7T/‘S/, b/))

This completes the definitions of new versions of the non-belief update components of X,
ie. V,VP q,q”,6. Now, I use the choice probabilities to derive new versions of the belief

update functions.

Whenever a choice is not feasible, set the value of the new belief update function to 1 (i.e.
certainty that the government is the high type). This assignment rule will be crucial when
establishing that the operator T is continuous at points in the space 2 where the sets of
feasible actions change (i.e. as points where there is at least one consumption value which is
exactly 0, so infinitesimal adjustments to the various objects which define consumption may
result in that consumption value becoming feasible). The intuition for why this will work
proceeds as follows. The high type is the one which places relatively less weight on utility

from consumption in the current period. As a choice becomes close to being infeasible, the
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consumption associated with it gets very close to zero, and the value associated with the
choice becomes arbitrarily negative. However, since the high type places less weight on that
large negative utility from consumption in the current period, the gap in value for the high
type between its optimal choice and the barely feasible grows more slowly than the same
difference does for the low type. Therefore, although both choose this barely feasible choice
very rarely, the high type chooses it infinitely more often than the low type as the choice
becomes infeasible. This intuition will be borne out more rigorously in the main proof of

this section. For choices which are feasible, set I'% ~and I'P by:

7T(1 B pd(S, H7 T, b))pb'(sa H> T, b)

ﬁb’(sa T, b)
mpa(s, H,m,b)

ﬁd(sa T, b)

e (¥, xls,b) =

new

T2 (r|s,b) =

new

Now, set the type specific probabilities of following certain choice paths when in/entering

default by:

(
D

pa(s, Ty m b, d,Q d=20

P2(s, T, 7m,b,d,Q) = d )

Kpd<8,T,7T,b)pg($,T,7T,b, da Q) d=1
)

D
p S,T,ﬂ',b,d,@ d=10
PP(s Tor b, Q) = 7 )

kpd(s,T, 7, b0)(1 — Ag(s, T, m,b,d,Q)) d=1
)

D RS /
p S’ T7 7T7 b7 d7 Q p 87 T? 7T7 b7 d’ Q7 b d = 0
PgS(S,T,W,b,d,Q) = d e )

k])d<87 T’ 7T7 b)pg(87 T7 7T7 b7 d7 Q)pgs(sﬂ T7 7T7 b? d? Q’ bl) d = 1
(

D RS /
p S7T77T7b7d7@p 87T77T7b7d7Q7b dZO
PES(s,T,7,b,d,Q) = g P )

Kpd(s,T, 7,b)Aq(s, T, m,b,d, Q)pES(s, T,m,b,d,Q,V) d=1
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D FD
G,new’ ~ Lnew’

rEs RS by:

G,new’ ~ Lnew

Then, at every feasible choice path, I set I"

7PE (s, H,7,b,d, Q)
nPE (s, H,m,b,d,Q) + (1 — ) PE(
nPP (s, H,m,b,d,Q)
TPP(s,H,m,b,d, Q)+ (1 —7)PP(s,L,m,b,d,Q)
WPgS(S,H,W, b,d,Q,V)
TPES (s, H,7,b,d,Q,V) + (1 — m)PE%(s, L, m,b,d,Q,V)
WPES(S,H,TF, b,d,Q,V)
TPRS(s, H,m,b,d,Q,V) + (1 — m)PES(s, L, m,b,d, Q, V)

Fg,New(d7Q?7r’S7b) = s, L,m, b,d Q)

F?,New<d7 Qa 71—’8’ b) =

Fgﬁ\,ew(d,Q,b’,ﬂs, b) =

FfﬁVew(d,Q,b’,ﬂs, b) =

This completes the definition of the operator T'. Next, I establish a key property of the
consumption functions in this environment, before moving on to the main proof of this

section.

Lemma 1. Continuity of consumption functions: Let assumptions 4 and 5 hold.

Then the values of consumption are continuous in X.

Proof: Since products of continuous functions and compositions of continuous functions are
also continuous, this follows immediately from the assumption that g(7’|7’) is continuous in

7" and 4(9) is continuous.

Before I begin the main proof of this section, I state some definitions for choice probabilities
and ex ante values when preference shocks are distributed Generalized Type One Extreme
Value or Type One Extreme Value. For Type One Extreme Value shocks, when there is a
set of choices i € {1, ..., N} with associated choice values V; + ¢;, Dvorkin et al. (2021) show

that ex ante values are given by:
N
_ V.-V
V= FEV + el = Yi — Vmaz
Vi + €] = Vipae + 0log (Z exp ( - >>
7j=1
and choice probabilities are given by:
(V:L_Vmaz )

a

N Vj_vmam
S eap (e

bi =
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where Vi = maXin(1,... N} Vi}. Note that I have defined these choice probabilities in order
to require that denominator be at least 1 (it must be that V; — V., = 0 for at least one

element j).

For Generalized Type One Extreme Value shocks, when there is a binary choice d € {0,1}
and a set of choices ¢ € {1, ..., N} which are made when d = 0, with associated choice values

VP +eP and VB + eF, respectively, Dvorkin et al. (2021) show that ex ante values are given

by:
D _
V= E[‘/Z + ei] = Vinaz + O'ZOQ <€:Cp (M)
g

VR — Vinax al VR - Vn}"?aa: ’

and choice probabilities are given by:

D_
exp (v Uvmax>

D
p= R_VR P
exrp <%> + exp (V'rﬁaa;;‘/maw> (Zﬁv::l exp <Vj U‘;mafE))
VR_VR
" 5 exp< i Upmaac)
pi=1—-p")

N VJ'R_VrIn%a:c
S eap (B

where V,E == max;eqr, v Vi and Vi, = max{V? VE 1. The fact that Type One Ex-
treme Value shocks (and generalized ones) lead to these types of expressions for ex ante
values and choice probabilities will be extremely useful in what follows. Note here that in
both cases, ex ante values and choice probabilities are continuous in the choice values V; (or
goes to negative infinity, the ex ante values and choice probabilities converge to exactly their
values when choice k is removed from the choice set. I now proceed to the proof of the main

theorem of this section.

Theorem 2. Equilibrium FExistence: Suppose that assumptions 1, 2, 3, 4, 5, and 6.

Then there exists X € 2 such that X=T(X).
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Proof: Since T" maps a compact, convex set into itself, it will be sufficient to establish that T’
is continuous. First, I show that this is the case for the pieces of T'(X) which are not belief

: ¥, D = =D 3
updates? L.e. Only Vneun Vnew7 qTLe’LU7 qTLewa 57161(1'

As noted above, whenever choice sequences become infeasible, the probability that they are
chosen converges to 0 and their influence on the ex ante value of the agent making the choice
also converges to 0. Since the consumption functions are continuous in X and the various
expected values taken using E are continuous, all the various individual choice values are
continuous whenever they are feasible. Furthermore, since the ex ante values and choice
probabilities are continuous at points where a choice sequence becomes infeasible, they are

then continuous everywhere. Therefore V,,.,,, VnD Qnew, (j,’?ew, Onew are continuous in X.

ew?’

Establishing that the belief update functions are also continuous everywhere is a little more
difficult. At points in 2~ where the feasible sets of choices are invariant to small perturba-
tions, the exact same logic invoked above holds. In particular, if there is no choice sequence
which has associated consumption function value equal to exactly 0, then I can require that
X’ be close enough to X that every feasible set always remain the same. This is possible
because the consumption values can be uniformly bounded away from zero (either above or
below) due to their being only finitely many of them. Given that the feasible set is fixed,
there are no choice sequences which, for X, are assigned using Bayes Law but for X’ are
infeasible and therefore have the posterior belief associated with them update to 1 (the re-
verse case is also impossible). Since both of these update rules are continuous functions of
the consumption whenever consumption is bounded away from 0, 7" must be continuous at

such points in 2

The only real difficulty is posed by points in 2~ where the one of the feasible sets of choices
changes. It is not obvious that, at such points, the mapping of old belief update to new

belief update will be continuous. These points in 2 are those where at least one of the

values taken by the consumption functions ¢, C&%, cE5 is exactly 0. Moving towards such a

point along a path with that consumption value strictly greater than 0, the belief update

TP, H

——=% —— and both the numerator and the denominator converge to 0. In
sz,H“"(l_ﬂ—)pz,L

is defined as

order to show that the new belief update functions defined by T are continuous in X, I must
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show that in every case where this can happen, the mapping to the new belief updates is

continuous.
Here, there are four possible cases:
1. There is one choice & which has c(s, 7, b,0'|X) = 0 and F (s, m,b|X) # ().
2. There is at least one choice ¢’ which has c(s, 7, b, 0| X) = 0 and F (s, 7, b/ X) = 0.

3. There is one choice b’ which has c§%(s, m,b,d, Q,b'| X) = 0 and FE5 (s, 7,b,d,Q,V'| X) #
0 for X € {G,L}.

4. There is at least one choice & which has c&°(s,7,b,d, Q,b'|X) = 0 and FE% (s, 7,b,d,Q, V| X) =
0 for X € {G,L}.

The first and third cases are very similar, and the second and fourth cases are very similar.

For this reason, I first consider cases 1 and 3 before moving on to cases 2 and 4.

I begin with case 1. Fix (s,7,b) and the name of the choice ¢ which is just infeasible (had
¢ =0) at Xg. And let X’ be a point in 2" at which choice 7 is feasible, and suppose that
such points X’ occur arbitrarily close X (otherwise, continuity holds since the feasible set
remains constant in some small enough neighborhood of Xj). In case 1, the choice set for
repayment is nonempty at Xy. Therefore, I can uniformly bound away from —oo the values
associated with choices that are feasible at Xy. Let W > —o0 be such a bound. The value
of default is bounded by the V™" and V™. For any X', let V;*(T) be the value to type T

when it chooses choice 7. The posterior likelihood ratio when ¢ is chosen is given by:

,n_post _ T pZR(H)
1—qrost 1 — 7 pE(L)

i.e. the posterior likelihood ratio is equal to the prior likelihood ratio multiplied by the action
likelihood ratio. In order to prove that the assignment rule for infeasible choice sequences
that sets the posterior to 1 yields a continuous mapping from X to the new belief update

function, I must show that for X’ close enough to Xy, the action likelihood ratio can be
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made arbitrarily large. The action likelihood ratio can be written as:

i N VRL)-VE, (L) VA(H)-VE, (1

pﬁ( ) 1— pD(H) Zj:l exp (Jcr—p> exp (%p”)
= * N

piL) 1=pP(L) e ey (W) eap (WD Vil L))

op op

Since VP and the values of other feasible choices are continuous in X, the ratio of repayment
probabilities can be uniformly bounded. Both the numerator and the denominator of the

second piece (the summations), are bounded below by 1 and above by the number of possibly

1

~o IV B|. Therefore, it is sufficient to

feasible choices Npg, so their ratio cannot lie outside |
show that the final piece becomes unbounded as X’ gets close to X. Since the exponential

is a strictly increasing function, I apply this principle to its argument:

VI H) = V) = () = VA (1)

2 maxr

op

Again, since the values of all choices besides ¢ can be uniformly bounded below by W and

above by V™ the only term of interest is the difference in values across types at choice 7

(VE(H) — VE(L)). This can be written as:

ViIH(H) = V(L) (A= Br)ule:) + BuEVi(H)) — (1 = Br)ule;) + BLEVI(L))

op op
(Br — Br)ul(c;) — (BLEVi(L) — BuEVi(T))
op

Since V is uniformly bounded, the continuation value terms are uniformly bounded. Since
consumption is continuous in X and utility is continuous in consumption and has lim. |y u(c) =
—00, the u(c¢;) term can be made to be a negative number of arbitrary magnitude. Since
Br, — Bu < 0, this means that their product can be made arbitrarily large. Therefore, the
distance between X’ and X, can be chosen such that the posterior belief at choice i is ar-
bitrarily close to 1. So in case 1, T' is continuous. Note that specifying that only a single
choice had been just infeasible was not in fact a restriction. The only points at which such
a value would have entered this proof are in the default likelihood ratio, and the ratio of the
denominators of the repayment choice probabilities, both of which can be uniformly bounded

to begin with.
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The proof for case 3 (the analogue when a single restructuring choice is just infeasible and
the feasible set at Xy was nonempty) is almost identical (the bounded terms of the action
likelihood ratio are different). In that case, when d = 1, the action likelihood ratio contains
the ratio of default probabilities, the ratio of probabilities that a given ) is offered or
accepted, and the ratio of probabilities that " is chosen. When d = 0, it just contains the
last two of these ratios. Near X, the ratio of default probabilities can be bounded because
the default probabilities themselves are both continuous in X. Furthermore, since the ex ante
values of restructuring at the ) in question are continuous in X, the ratio of probabilities
that this () is chosen are continuous in X. Therefore that piece can be bounded. This leaves
me with just the ratio of probabilities that a given &’ value is chosen during the restructuring

process:

VRS (H)-VES (H VIES(L)-VEZ. (L)
exp( RS ( B,Rs ( >> E;v:lexp <T>

RS ([)_V RS VES(H)-V,RS (H
exp (% (Llem(L)> ZL@%J?( i LRS ( >>

As before, the second piece of this ratio (the one involving summations) can be uniformly

bounded. Combining the remaining two and then removing the exponential leads to:

ViR (H) = V(L) = (Vi (H) = Vi (L))

max max
o RS

As before, the V.25 (T') terms can be bounded since there are feasible choices at Xj. Substi-

tuting for the remaining terms then leads me to a familiar difference:

VS (H) — V(L) _ (Br — Br)ule:) — (BLEVI(L) — BuEVi(T))

o RS o RS

Again, u(¢;) is the only term which is unbounded as X' gets close to X and ¢; becomes
arbitrarily close to 0. Since it is multiplied by a negative number, this term therefore
becomes arbitrarily large as as X’ gets close to Xy, meaning that the posterior belief becomes

arbitrarily close to 1. Therefore, in case 3, T is continuous.

Now I move to case 2. Fix (s, m,b) and the name of the choice ¢ which is just infeasible (had

¢ = 0) at X,. In this case, at X;, there were no feasible choices in this state. Set V(T)
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VE(T) = i erp (VER(T) — Vn]jax(T))

J=1 op
When I write the action likelihood ratio now, I need to be more careful with the ratio of
repayment probabilities, since at Xy, default occurs with certainty (so the ratio becomes %).

This ratio is:

1 . pD(H) exp (V'rr]?a:E(H);Vmaz(H)> ‘/\/R(H)p exp (M) + emp <V£GT(L);Vmaz(L)> VR(L)p
= *

1 - pD<L) e./L-p (Vrﬁaz(L)_VmaI(L)) ‘A/R(L)p ea’,'p (—VD(H)_V"”“I(H)> + exp (Vrﬁaz(H)_deI(H)) ‘A/R(H)P

el g [

Since, in this case, I know that for X’ close enough to Xy, the value of default will be the

largest of the fundamental choice values for both types, this can be simplified to:

Vﬁam(H)—VD(H)> SR(T\—p (vnffm(m—vm(m)
1_pD(H)_exp( V(L) + exp

o g

= *
1=pP(L) oy (vn@ax(Ll—VD(L)) VR(H)= + eap (Vﬁaam—vmaz(m)

g

The second part of this can be uniformly bounded. The first part, however, cannot necessarily
be uniformly bounded, because the V% (T) will by assumption become arbitrarily large

negative numbers as X' gets close to Xy. Combine this with the problematic piece of the

action likelihood ratio considered in the previous case to obtain:

exp (V’EM(H)U_VD(H ) ) exp <_ViR(H );‘;ﬁam(H)>
*
exp <V£Qx<LL—VD(L>> B (vZ-R(L);ZTﬁM(L))

or, more compactly:

crp (VD(L) — VP(H) . (1 - 1) VE (H)—VE (L) . VE(H) Vﬁ(L))

o p o op

The VP terms, as well as the continuation value terms inside the Vs are uniformly bounded

and therefore will not play any further role. Removing the exponential and multiplying
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through by o * p, the piece of interest is then:

(p—1) ((1 = Bu)u(c"(H)) = (1 = BL)U(C*(L))> + (B = Pr)ule)

=(p-1) ((1 — ) (e () = u(e" (L)) = (B - 6L)U(c*(L))> + (B = Bu)ule:)

= (p= 1)1 = Bp) (w(e” (H)) = u(e (1)) + (B — Bur) (u(er) — u(e (L)) + p(Br — Bu)u(c" (L))

To complete the proof, I now need merely show that the difference in utility terms are
bounded. Although it is not necessary, I will provide uniform bounds for both. Suppose
that ¢*(T") is the highest value choice for type 7. Then for any alternate choice yielding

consumption ¢’ and continuation value EV(T):

(1 = Br)u(c(T)) + prEV(T) > (1 — ﬁT)u(calt(T)) 4 ﬂTEValt(T)
Br
1—pr

(EV(T) = EVU(T)) = u(c™(T)) — u(c*(T))

Since the expected value terms are uniformly bounded, this provides an explicit upper bound
on difference between flow utilities from two choices when one of those two choices is the

highest value choice for at least one of the types. Thus the term:

(p = 1)(1 = i) (ul(e(H)) = u(c*(L)))

can be uniformly bounded both above and below. Furthermore, since u(¢;) — u(c¢*(L)) can

be bounded above and (8, — fg) < 0, the term:
(B = Ba) (u(e:) — (" (1))
can be uniformly bounded below. The only remaining term is then:
p(Br — Bu)u(c*(L))
As was the case before, this term becomes unboundedly large as X’ gets close to Xy and the
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largest possible consumption value converges to 0. Therefore, the distance between X’ and
Xo can be chosen such that the posterior belief at choice i is arbitrarily close to 1. So in

case 3, T is continuous. The proof for case 4 is almost identical.

In case 4, the action likelihood ratio contains some different pieces. If d = 1, it contains the
ratio of default probabilities. Since the default probabilities are continuous, this term can
be bounded. Regardless of the value of d, the action likelihood ratio contains the probability
of the government offering (or accepting) choice @, and the probability that it then chooses
b during the restructuring process. These are the probabilities of interest. Labeling the )
choice which is just infeasible at X 7 and one of the just infeasible b’ choices k, the likelihood

ratio for choosing Q); is:

VRN () _ 7/ RN VEN(H)-VEN (L
exp (m <H>Rxm<H>> >y, exp< i U>RN ( ))

VN (L) -V (L VAN (H)-VEN, (H)
(;RN ( )) Zj\;l exp( : oEN )

exp <

where VN (T) is the ex ante value of proposing or accepting Q;, and the ex ante value of
the highest deal is V.EY(T'). The second ratio (the summations) can be uniformly bounded,

as usual. Since proposing Q = 0 and rejecting an offer is always a feasible choice, the

VRN

"RN(T) terms are uniformly bounded. So the only term of concern here are the two VN (T)

values.

If the government is accepting the deal, these are simply this ex ante values of proceeding to
the restructuring phase having agreed to deliver () to every bondholder. If the government
is proposing the deal, then these are the ex ante restructuring values multiplied by the
probability lenders accept the deal plus the values of remaining in default multiplied by the

probability that lenders reject the deal, so in both cases, they can be writtin as:
VAN (T) = aViS(T) + (1 - a)VP(T)

with @ € [0,1] and V;”(T) denoting the value of remaining in default after the government
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makes its choice and the ex ante value of entering the restructuring process is:

M Vll%S _ VRS
(RS __ Y/RS RS i, i,mazx
V; (T> - V;,maa: (T> +o lOg ;:1: exp ohRS
As before, the second term can be uniformly bounded. Then the only piece of the rene-

gotiation phase action likelihood ratio which can potentially be unbounded can be written

as:

%fir?ax(H) - K%ax(L)
exp | « e

The action likelihood ratio associated with the restructuring process itself is:

‘/;,ﬁcS(H)_‘/;I,%ﬂfaz(H) M %{%S(L)_‘/;,R’rfaz (L)
ETp p o Zl:l eExrp p e
i,k

VS (L) -V (L) M VIS (H) VRS (H)
exp < RS > 21:1 exp ( : RS )

As has been true throughout this proof, the piece involving summations can be uniformly

bounded. This leaves me with:

(Vi (H) = VBN (L)) = (Vi (H) — Vi, (L))
exp 7 ’ ohRS 7 7

Combining this with the piece from the renegotiation process, removing the exponential, and

multiplying through by ¢®° then yields:

(v = vas(n) — (1= 250 ) (Vs o) — vis, 1)

I then substitute using the definitions of each of these values (and drop the continuation

value terms, since they, again, can be uniformly bounded) to obtain:

aO.RS

(1= Bryuless) = (1= Buyulesn)) = (1= ) (1 = Budule; (H)) = (1 = Bu)ulei (1))
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Similarly to how things worked in case 2, rearranging terms yields:

OéO'RS

(81— ) (wlews) = ulei (D) = (1= S ) (1 = Bu) (wler (H) = u(ei (L))

OéO'RS

+ o (B = Bu Julei (D))

Since differences of the form u(c?(T)) — u(c;(T)) can be uniformly bounded above in the
exact same way they were in case 2, the only term here which can potentially be unbounded

1s:
ao RS

RN <5L - 5H>U(C:(L))

As X' gets arbitrarily close to X, all feasible consumption values become arbitrarily close
to 0, so the utility from consumption becomes an arbitrarily large negative number. Since
it is multiplied by another negative number 5, — Sy < 0, this term becomes arbitrarily
large. Therefore, as X’ becomes arbitrarily close to Xy, the new posterior belief becomes

arbitrarily close to 1, which is exactly its value at X,. Therefore, in case 4, T" is continuous.

RS

Xonew 18 always continuous,

Note that by proving case 4 and showing that the mapping to I'

FRN

Cimew (used when the government proposes () but lenders

I also show that the mapping to
decline the offer) is continuous when some () is just infeasible at X. This follows because the
individual action likelihood ratios associated with every choice the government could make
after proposing @) all become infinitely large as X’ gets close to Xy. Therefore the ratio of

the sums of those likelihoods must also become infinitely large, so the posterior belief which

occurs just upon seeing () also converges to 1 as X’ becomes arbitarily close to Xj.

Since I have now shown that in all four potentially problematic cases, 1" is continuous, I have
now established that 7" is a continuous operator mapping a compact, convex subset of a finite
dimensional Euclidean Space into itself. Therefore, by Brouwer’s Fixed Point Theorem, the

operator T has a fixed point, so an equilibrium must exist. This completes the proof.

The definition of T" shows how to recover the full set of equilibrium objects described in the
main text from a given X. Therefore, the existence of a fixed point of T" is equivalent to the

existence of an equilibrium, proving Theorem 1.
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8.5 Details of Computational Algorithm

The reduced set of objects described in the section proving the existence of an equilibrium,
in definition 3, is similar to the set of objects used to solve the model numerically and assess

convergence. The set used for the computation is:

1. The continuation value functions Z(s, T, 7', V') and ZP (s, T, 7', V), given by:

Z(s, T, 7' V) =E[V(s', T €, 7', )|s,T]
ZP(s, T, 7' b)) = EIVP (s, T, 7' b')|s, T

2. The price functions ¢(s,n’,') and ¢¥ (s, 7,b) and the expected probability of default
o(s, 7', b).

3. The belief update functions I'?(V/, 7|s,b), TP (x|s, b), Fg(Q,ﬂs,b), 4Q,x|s,b), and
LES(Y w|s, W),

In short, these are the continuation value functions, the price functions, the expected proba-
bility of default, and the belief update functions. These include all the main forward looking
pieces of the model (there are other price and value functions, of course, but they can be
derived based only on the above set of objects and within-period optimization). For that

reason, these objects are used to assess convergence.

The above objects are defined on grids of their arguments. Therefore, in addition to the grid
for T'€ {L,H}, I must define the grids for s € ., b € £ (and V/ € A, possibly identical
to %, but also possibly different, in order to allow the government to choose from a finer
set of debt values), Q@ € 2, W € # and 7 € II. For s, which defines the grid for GDP
values y, I use 51 points evenly spaced in logs spread across a space spanning six of the
logged variable’s long run standard deviations and centered at its mean (i.e. the interval
[Ellog(y)] — 3o[log(y)], E[log(y)] + 3c[log(y)]]). For b, T use 241 evenly spaced points on
0,2.4]*. For I/, T use 601 evenly spaced points on [0,2.4]. For Q, I use 501 evenly spaced
points on [0, ¢, ¢|, where g, is the risk free price of debt. For W, I use 241 evenly spaced

9Because the model is quarterly, this corresponds to 0 — 60% of long run average annual GDP.
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points on [0, 2.4 % g,¢]. For II, I used 41 points equally spaced in log-odds ratio space across

[1—prr, pra)-2° Tuse the log odds ratio, rather than the raw probability, because it tends to

perform significantly better in terms of speed of convergence without substantially affecting

the model’s predictions.

Given a current guess for the set of objects listed above, a single iteration proceeds as follows

in order to generate a new guess:

1.

Given the baseline set of objects, solve the government’s restructuring problem. Using

the policy functions, generate a new guess for 5V, «|s, W),

Using the baseline set of objects as well as the new solution to the government’s
restructuring problem, solve the problem of government and the lenders when each is

the receiver of a proposal. Using the government’s policy function, generate a new

guess for IH(Q, |s, b).

Using the baseline set of objects as well as the new solution to the government’s restruc-
turing problem and each party’s renegotiation problem when receiving a proposal, solve
the renegotiation problem of the government and the lenders when each is proposing a

deal. Using the government’s policy function, generate a new guess for Fg(@, 7|s,b).

Using the baseline set of objects as well as the solutions derived so far, generate new

guesses of ZP (s, T, 7', V') and ¢R(s, m,b).

Using the baseline set of objects and those derived in the prior steps, solve the govern-

ment’s problem when it enters a period in good standing. Using the solution, generate

new guesses of Z(s, T, 7", b'), q(s, 7', V), 6(s, 7', V), TP (x|s,b), and TE(Y 7|s,b).

Check the sup-norm distance between all objects. If it is less than 107°, stop. Other-

wise, update guesses using rules of the form

fnemt(-) = CFfold(-) + (1 - gF)fnew(')

20For the renegotiation and restructuring steps, this needs to be expanded to cover the full space [0,1].
For those, I add the endpoints 0 and 1 then put 39 points in [1 — prr,,pgH]-
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where F' € {V,q,T'} and return to step 1. This type of rule updates the old guess
by moving fraction (1 — (r) of the distance towards the new guess. The (r may be
specific to the type of function involved (value, price, or belief). In general, to ensure
convergence, updates of the the belief functions tend to require more smoothing than
those of the price functions, which in turn tend to require more smoothing than those

of the value functions.

8.6 Predicting Defaults

In this section of the appendix, I evaluate how well the filtered measure of reputation predicts

future defaults. Specifically, I estimate the following logit model with fixed effects:

Di P
log (1 : ) = XuB + Z dig 70 + BTt

~ Pit TET

where p;; is the probability of defaulting within the next year.2! The results of three regres-

sions specifications are detailed in Table 11. I have included the estimated coefficient on debt

Table 11: Regression Results: Default Probability

Default within the Next Year
T — —35"* (9) —
GI — — —61** (28)
Debt to GDP (%) 0.65"* (0.15) | —0.37** (0.19) | 0.92*** (0.21)
Other Controls Yes Yes Yes
Country Fixed Effects Yes Yes Yes
LL —97 —b4 —-95
Observations 1065 1065 1065

to GDP in this table in order to highlight how it changes when different sets of covariates
are used. In particular, the effect of debt to GDP actually becomes negative (albeit with a
p-value of 0.048) when filtered reputation is included in the specification! Filtered reputation
is highly significant and dramatically increases the fit of the regression. While current period

gross issuances alone is significant and slightly improves the fit of the regression, it does not

21T have omitted the intensive margin effects of haircuts from this specification because, within the reduced
sample that the fixed effects logit model requires, they are extremely collinear with the extensive margin
dummies and the estimation fails to converge when they are included.
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add nearly as much information as the full history of debt issuances, aggregated through the

lens of my model.

8.7 Signalling Motives During Renegotiation

Signalling motives also appear (though not as strongly) in an example set of renegotiation

policy functions for the government, which is plotted below in figure 7. In this case, the

Figure 7: Renegotiation Policy Functions
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policy functions of both types are unimodal. However, they display similar patterns to those
associated with repayment. The low type makes relatively low offers to lenders most of
the time, since it is relatively less worried about lenders rejecting its offer. That said, it
does sometimes offer values that the high type plays with nontrivial probability. It does
this in order to ensure that lenders accept the offer and to be able to take advantage of
the relatively higher prices offered to it in the restructuring phase if it enters with relatively
higher reputation. The high type finds default quite painful and evaluates the balance of 1)
getting a good deal from lenders, and 2) the probability of exiting default, differently. These

considerations lead it to tilt its offers towards higher values in order to ensure that lenders
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do not reject the deal. In simulations, the high type’s offers are accepted 99.7% of the time
while the low type’s offers are accepted 96.7% of the time. When the lender is proposing
the deal, the difference is significantly wider. The high type accepts 98.8% of the offers it

receives while the low type accepts just 86.9% of the offers it receives.

8.8 Value of Reputation

In debates about whether to rescue a country from default, concerns about the reputational
consequences of defaulting often play an outsize role. To determine how relevant such con-
cerns are, I quantify the reputational benefits of repayment during crises. I define a “crisis”
as any state where, before preference shocks are realized, lenders believe the risk of default is
at least 1% (these results are robust to using alternative thresholds). The government’s aver-
age reputation in such states is under 10%. To measure the value of the reputational benefit
of repayment, I compare the government’s value V (s, T, €, m,b) to the following alternative

value:

VA (y, T, e, m,b) = dggﬁﬂ — )V (y, T, e,7",b) + d(V;P (y, T, 7", b) + €7)
€10,

7 =TP(1,7ly.b)

In this alternative, the government’s reputation after choosing whether to default is fixed at
the value associated with defaulting, regardless of whether or not the government actually
chooses to default. Therefore, there is no reputational benefit of choosing to repay lenders
instead of default. I then measure the associated welfare losses, which are just under 0.5
basis points of permanent consumption. In terms of current period consumption only, this is
equivalent to a change of about 6 basis points. To put that in perspective, the current period

consumption cost of repayment E[*=*|d = 0] is just over 6%, over 100 times larger!

Therefore, in the vast majority of cases, reputational consequences of the default vs. repay-
ment decision are not an important consideration for troubled countries. By the time they
find themselves exposed to nontrivial levels of default risk, they have very low reputations,

and what reputation can be gained by opting not to default is not particularly valuable. This

88



is not, however, because the model never assigns high value to having a good reputation. In
certain states of world, a good reputation can be worth up to 2% of permanent consumption.
It is just that the value of having a good reputation is the ability to borrow at good prices.
That ability is particularly valuable when the country has very low debt and more room to

borrow, not when it has accumulated so much debt that it is on the edge of default.
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