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Abstract

We develop a sovereign default model with debt renegotiation in which interest-rate shocks

affect default incentives through two mechanisms. The first mechanism, the standard mech-

anism, depends on how a higher interest rate tightens the government’s budget constraint.

The second mechanism, the renegotiation mechanism, depends on how a higher rate increases

lenders’ opportunity cost of holding delinquent debt, which makes lenders accept larger hair-

cuts and makes default more attractive for the government. We use the model to study the

1982 Mexican default, which followed a large increase in U.S. interest rates. We argue that

our novel renegotiation mechanism is key for reconciling standard sovereign default models

with the narrative that U.S. monetary tightening triggered the crisis.
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1 Introduction

The 1980s featured the most widespread sovereign debt crisis in history. The left panel of Fig-

ure 1 shows how it compares with other stressful periods in sovereign debt markets, such as the

Napoleonic Wars, World Wars I and II, and the Great Depression. Mexico was the first country to

default, which it did in August 1982. By 1985 the crisis reached a peak of 25 countries suspending

some or all debt payments.

Figure 1: Debt crises and interest rates, 1980s case

0

5

10

15

20

25

1800 1830 1860 1890 1920 1950 1980

N
um

be
r 

of
 c

ou
nt

rie
s 

in
 d

ef
au

lt

-4

-2

0

2

4

6

8

10

0

5

10

15

20

25

1959 1964 1969 1974 1979 1984 1989 1994 1999 2004

Pe
rc

en
ta

ge
 p

oi
nt

s

N
um

be
r 

of
 c

ou
nt

rie
s 

in
 d

ef
au

lt

US real interest rate 
(right axis)

Countries in default 
(left axis)

The data of countries in default are from Reinhart and Rogoff (2009). The U.S. real interest rate is the annual yield on
1-year US treasury bonds minus observed inflation.

The crisis was preceded by aggressive interest rate increases in the United States. These were

implemented by Paul Volcker, who at that time was chair of the Federal Reserve, and were intended

to tame rising inflation. The right panel of Figure 1 shows how real interest rates in the U.S. were

a leading indicator of the number of countries in default during the 1980s: shortly after the initial

rate hike, there is a cascade of sovereign defaults.

This “Volcker shock” is often credited as the trigger of the crisis. The usual narrative focuses

on the direct impact that higher interest rates had on debt service, since most debt had been con-

tracted at floating rates (see, for example, Ocampo (2014) and Tourre (2017)). According to this

narrative, an increase in the risk-free rate increases all rates, which makes servicing current debt

more expensive, which in turn makes default more attractive. We refer to this as the standard

mechanism.
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We argue that the same interest rate shock has an additional indirect effect on default incentives

through the terms that government expects to emerge from an eventual debt renegotiation. We

refer to this as the renegotiation mechanism. To demonstrate the workings of our mechanism,

we introduce persistent shocks to the risk-free interest rate and debt renegotiation through Nash

bargaining into a standard model of sovereign default by a small open economy. We show that,

when the risk-free interest rate is high, renegotiation following a default gives the government a

more favorable outcome in the sense that it leads to a larger haircut than when the risk-free rate is

low. The intuition for our mechanism is simple: lenders’ opportunity cost of holding delinquent

debt is higher when the risk-free rate is high, so they are willing to accept a lower recovery rate on

the debt for payments to resume.

We calibrate our model to Mexico in the early 1980s and use it to analyze the 1982 default. We

use data before 1982 to calibrate the parameters in a standard manner. Importantly, we calibrate

the parameters that govern the bargaining game so that the average haircut generated by the model

equals the haircut to Mexican debt under the Brady Plan in 1990. We find that, in the ergodic

distribution, 22 percent of interest rate hikes trigger a default event. To compare the relevance of

the renegotiation mechanism with that of the standard mechanism, we consider two counterfactual

economies that feature a fixed debt haircut instead of endogenous renegotiation. For the first, we

consider a haircut of 100 percent, which is akin to canonical models in the literature in which

governments are readmitted to financial markets with no debt (see Aguiar and Gopinath (2006),

Arellano (2008), Chatterjee and Eyigungor (2012)). For the second, we consider a fixed haircut

equal to the average targeted in our benchmark calibration. In these two counterfactual economies,

the fraction of interest rate hikes that trigger a default event is 0.06 in the first economy and 0.13 in

the second. We draw two conclusions from these quantitative exercises. The first is that without the

possibility of some debt recovery, interest rate hikes have a small effect on default incentives. This

implies that the usual narrative of the Volcker shock triggering the Mexican default in 1982 solely

through higher interest costs is unlikely. Our second conclusion is that, in the presence of some

debt recovery after default, the renegotiation mechanism described above accounts for roughly half

of the default risk generated by interest rate hikes.

In the model we study, following default, there is an exogenous and constant Poisson proba-

bility of a renegotiation occurring in each period. Our benchmark calibration follows the standard
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practice of using average default duration in the data. The default episodes of the 1980s were

particularly long, and we use a probability that implies an average waiting time of over five years.

This benchmark calibration produces the results summarized above.

In this paper, we argue that the protracted period of renegotiations that characterized the default

episodes of the 1980s was, to a large extent, a consequence of interference by U.S. bank regulators,

who were concerned about the health of the U.S. banking system. A justification for their concern

was that the total debt in default amounted to a large share of the capital of some of the large U.S.

banks, which had been heavily involved in lending to sovereigns, especially in Latin America,

during the 1970s. U.S. bank regulators feared that any renegotiation that included substantial hair-

cuts of the debt of Mexico and other Latin American countries that followed it into default would

cause a banking crisis in the United States. The Mexican government engaged in negotiations with

its U.S. bank creditors throughout the 1980s to restructure the debt in terms of timing of interest

payments and of maturities, but without any haircuts. In addition, the U.S. government and the

International Monetary Fund, made loans to Mexico that had to be used to make interest payments

on its debt to the banks. This allowed U.S. banks with large outstanding loans to countries like

Mexico to not write off large fractions of these loans because of haircuts. In 1989, after these banks

had time to recapitalize, the U.S. government set up the Brady Plan, which allowed the banks to

convert this debt into different types of dollar-denominated bonds, all of which included some form

of a haircut, that could be freely traded. The Brady Plan was complex, entailing negotiations led

by the U.S. government that involved the governments of the countries in default, the IMF, and

the World Bank. What is important about the Brady Plan for our analysis is that it was not the

sort of bilateral negotiation between the Mexican government and its U.S. bank creditors that the

Mexican government could have anticipated in 1982, and it brought Mexico, the first country to

benefit from the Brady Plan, back into international financial markets only in 1990. Furthermore,

the other Latin American countries that followed Mexico into default faced similar, or even longer,

delays in re-entering international financial markets; the average exclusion period in the 1980s was

therefore much longer than it was in the 1970s or 1990s.

Our paper focuses on the renegotiation mechanism and its role in the decision by the Mexican

government to default on its debt to U.S. banks in August 1982. From the point of view of this

paper, therefore, what is important is that although it took the Mexican government eight years
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to successfully renegotiate its debt, at which point the Volcker shock had ended, it is natural to

consider the case in which in 1982, Mexican authorities imagined that they could renegotiate their

sovereign debt faster than what our benchmark calibration implies. We show that our quantitative

results are indeed sensitive to the specific value we assume for the renegotiation probability. If, for

example, we assume that from default experiences in the 1970s, the Mexican government expected

to be able to renegotiate once every two years on average, then the probability of a Volcker shock

triggering a default in the standard model with no recovery value goes from 6 percent to just

8 percent. In contrast, with a fixed haircut, it goes from 13 percent to 25 percent, while, with

an endogenous haircut, it goes from 24 percent to 47 percent. Overall, our results imply that

endogenous renegotiation is a key factor in understanding the effect of risk-free shocks on default

decisions.

Given that our conclusions based on quantitative experiments that focus on the 1982 Mexican

default are complicated by the intervention of U.S. bank regulators in the renegotiation process,

we look for independent evidence for the importance our renegotiation mechanism. Specifically,

we look for evidence that a high risk-free rate during renegotiation is associated with more fa-

vorable terms for a government that has defaulted. To do this, we use the data and the empirical

methodology of Asonuma, Niepelt, and Ranciere (2023), who study sovereign default and renego-

tiation episodes during the period 1999–2020. We find significant evidence for the renegotiation

mechanism. In particular, we find that a risk-free rate that is 1 percentage point higher during a

successful renegotiation of debt after a default is associated with a haircut of that is between 6 and

7 percentage points higher.

The model that we employ in this paper is a state-of-the-art quantitative sovereign default

model based on the theoretical work of Eaton and Gersovitz (1981): Hamann (2002), Aguiar and

Gopinath (2006), Arellano (2008), Hatchondo and Martinez (2009), and Chatterjee and Eyigungor

(2012).

This paper is closely related to the literature on debt renegotiation in quantitative sovereign

default models. Yue (2010) develops a model with debt renegotiation with Nash bargaining after

a default. There are two major differences between Yue’s analysis and ours. First, she does not

study interest rate shocks. Second, she makes different assumptions about the outside options in

the renegotiation game, which make our renegotiation mechanism inoperative. Yue assumes that,
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if renegotiation is unsuccessful, then the government remains in autarky forever and the lenders

recover nothing. In contrast, we assume that if renegotiation is unsuccessful, then the government

and lenders have to wait for the next renegotiation opportunity to bargain again. With this assump-

tion, the outside option of the lenders is dependent on the risk-free interest rate in the renegotiation

period, which is crucial to the renegotiation mechanism.

In related research, Benjamin and Wright (2009), Pitchford and Wright (2012), Bai and Zhang

(2012), Benjamin and Wright (2018), and Asonuma and Joo (2020) develop sovereign default

models in which delays in renegotiation arise endogenously as strategies in the bargaining game to

restructure debt. Similarly, Dvorkin, Sánchez, Sapriza, and Yurdagul (2021) study sovereign debt

renegotiation in a model in which governments and lenders make alternating offers and endogenous

delays are possible through taste shocks that are realized after these offers have been made. A key

difference between our model and theirs is that once there is an opportunity for renegotiation in

our model, our assumptions prevent delays from happening in equilibrium. What is essential for

our results is the threat of delay.

There is also literature on debt renegotiation before a default. Hatchondo, Martinez, and Sosa

Padilla (2014) develop a model of voluntary debt exchanges in which the government and lenders

can choose to reduce the value of the debt before a default occurs. These exchanges are mutually

beneficial and happen in equilibrium when the stock of debt is to the right side of the Laffer curve.

Unlike them, we do not allow for debt renegotiation to prevent a default in our model. Asonuma

and Trebesch (2016) document that roughly 38 percent of debt restructurings happen preemptively,

have lower haircuts, and are quicker to negotiate. We choose to focus on ex-post restructuring out

of simplicity and because that is what happened after Mexico’s 1982 default. The two mechanisms

that we identify would be also present in any model of restructuring that occurs ex-ante.

Mihalache (2020) documents that debt relief programs are often implemented through maturity

extensions, rather than through reductions to the face value of debt. The essence of our results

would not change if maturity extensions were included in the renegotiation game. Our main result

that the government would receive a more favorable outcome from renegotiation with high interest

rates would still hold, whether that outcome takes the form of a higher debt haircut or a more

convenient maturity extension.

It is worth pointing out that we are not the first researchers to point out that the standard mech-
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anism by itself does not provide much of a role for interest-rate shocks to affect a government’s

default decision in a standard quantitative model of sovereign debt and default. Johri, Khan, and

Sosa-Padilla (2018), Tourre (2017), and Singh (2020) make similar points (although the analysis

that establishes this point is not included in the published version of Johri, Khan, and Sosa-Padilla

(2022)).

Guimaraes (2011) asks a question similar to ours: In a model with a small open economy

where there are shocks to both income and the world interest rate and default is settled through

renegotiation, which type of shock has a larger impact on haircuts? Guimaraes argues that inter-

est rate shocks play a larger role than income shocks. These results are complementary to ours.

However, it is difficult to compare them, because his paper is analytical while ours is quantita-

tive, and his modeling of default and renegotiation is very different from ours. He assumes that

if a country has trouble repaying a fixed debt obligation, it asks its creditors for immediate rene-

gotiation. In this renegotiation, the debt obligation is cut to the maximum amount that satisfies

the country’s incentive compatibility constraint. This feature makes his model more like those of

Alvarez and Jermann (2000) and Kehoe and Perri (2004), which have complete contingent claims

markets and enforcement constraints like those in the debt constrained asset markets of Kehoe and

Levine (1993, 2001). Perhaps the papers in the sovereign debt literature most closely related to

Guimaraes (2011) are Hatchondo, Martinez, and Sosa Padilla (2014), which studies renegotiation

before a costly default can occur, and Roch and Roldán (2023), which studies state contingent

bonds that pay off only if the country meets a specified performance level, such as a growth of real

GDP target.

The paper proceeds as follows. Section 2 presents a simple model of sovereign default and

renegotiation that allows for a theoretical characterization of the standard mechanism and the rene-

gotiation mechanism, and provides an intuition for our main result. Section 3 presents the general

model and the quantitative experiments with the benchmark calibration. In Section 4, we first

present a narrative of the default episodes of the early 80s, their effect on the balance sheets of

U.S. banks, and the debate it created among U.S. policy makers and regulators. We use this nar-

rative to hypothesize that officials in the Mexican government in August 1982 likely expected a

much shorter delay in renegotiation. We test the importance of this hypothesis by redoing our

quantitative experiment with a higher probability of renegotiation and show that our negotiation
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mechanism is much stronger in our model. Then, in Section 5, we present statistical analysis that

uses the data and empirical methodology of Asonuma, Niepelt, and Ranciere (2023) to confirm

that, for a relatively large sample of sovereign debt renegotiations over the period 1999–2020,

higher levels of the risk-free-interest rate are associated with larger haircuts. Section 6 concludes.

2 A simple theoretical model

In this section, we solve a simple model of sovereign default. The main innovation is to explicitly

model the renegotiation game following default. The purpose is to characterize the properties of

the renegotiation mechanism that is at the heart of the paper.

An impatient government faces a stochastic stream of income and issues short-term defaultable

debt. Every period, the government can decide to default or repay. In case of default, the govern-

ment is in financial autarky for a stochastic number of periods and suffers an income loss during

exclusion. Income is fixed at a value lower than its average, and there are no payments made to

the lenders. During exclusion, the government and the lenders face a positive probability of rene-

gotiation. Upon a successful renegotiation, the government receives a constant flow of income

that is higher than the value during exclusion and pays a fixed coupon to lenders forever. Figure 2

illustrates the evolution of income over time throughout the game.

Figure 2: Income throughout the game

These assumptions imply that eventually, after renegotiation, the allocation is stationary and

easy to solve. This allows us to solve for the equilibrium by backwards induction and obtain some

enlightening results.
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We use this game to highlight how debt renegotiation affects default incentives ex-ante and,

crucially, how the level of the risk-free interest rate—which determines the lenders’ outside op-

tion—affects the negotiated terms.

Details of the environment.—Time is discrete and runs forever. There is a small-open econ-

omy populated by a government with preferences for streams of consumption represented by

E𝑡

[ ∞∑︁
𝑠=𝑡

𝛽𝑠−𝑡𝑢 (𝑐𝑠)
]
,

where 𝛽 ∈ (0,1) is a discount factor and 𝑢 is continuously differentiable, strictly increasing, and

strictly concave. Each period, the government receives a stochastic endowment 𝑦𝑡 ∈ (0,2), which

is iid over time with E [𝑦𝑡] = 1 and CDF 𝐹 (𝑦).

The government can issue one-period bonds 𝑏𝑡+1 that pay one unit of the good in 𝑡 +1 in case

of no default. Debt is purchased by a measure 1 of identical risk-neutral lenders with deep pockets

who also have access to a risk-free bond that pays a fixed interest rate 𝑟 . In the full model in the

next section 𝑟 varies stochastically to reproduce the Volcker shock. In this section we treat 𝑟 as a

parameter, and we show our results by performing simple comparative statics for different values

of 𝑟. Therefore, we express all equilibrium objects as functions of this parameter 𝑟.

At the beginning of each period, the government observes the realization of 𝑦𝑡 and decides

whether to repay its outstanding debt. If the government chooses to default, then it is excluded

from financial markets, and income is 𝜆 < 1. After default, the government remains in financial

autarky, and income continues to be 𝜆 until an an agreement is reached. After renegotiation, the

government receives a constant stream of income equal to 1 forever, out of which it consumes

1− 𝜌 > 0 in each period. The value 𝜌 > 0 is captured by the lenders (that is, it cannot be defaulted

on) and is determined in a negotiation period through Nash bargaining. We assume that either party

can choose to reject a proposed 𝜌 and wait for a new renegotiation opportunity. The opportunities

to renegotiate arrive with probability 𝜃.

As it turns out, agreements in equilibrium are reached at the first possibility of renegotiation,

because 𝜆 < 1 implies that there is a strictly positive surplus that can be split. As we will show,

however, it is the possibility of rejecting and waiting that allows the interest rate to have an impor-

tant role in the determination of the equilibrium value of the outcome of the renegotiation game
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𝜌∗.

To define and characterize the equilibrium, we proceed backwards by characterizing the out-

come of the renegotiation game 𝜌∗. We guess and then verifying that it is unique. We then use this

characterization to define the equilibrium of the model.

Renegotiation.—Given some renegotiation outcome 𝜌, the value of the government in autarky

after renegotiation is 𝑉 𝐴 (𝜌) = 𝑢(1−𝜌)
1−𝛽 . Thus, the value of the government in default is:

𝑉𝐷 (𝜌) = 𝑢 (𝜆)
1− 𝛽 (1− 𝜃) +

𝛽𝜃𝑉 𝐴 (𝜌)
1− 𝛽 (1− 𝜃) . (1)

Similarly, the value of a representative lender who holds defaulted bonds when the renegotiation

outcome is 𝜌 is:

𝑄𝐷 (𝜌) = 𝜃

1+ 𝑟𝑄
𝐴 (𝜌) + 1− 𝜃

1+ 𝑟 𝑄
𝐷 (𝜌) , (2)

where 𝑄𝐴 (𝜌) = 1+𝑟
𝑟
𝜌 is the value for the lenders of receiving 𝜌 every period once the renegotiation

game is settled. Guessing that the equilibrium outcome will be the same value 𝜌—regardless of the

timing of its resolution—we plug 𝑄𝐴 into equation (2) and get that the value of holding defaulted

bonds is

𝑄𝐷 (𝜌) = 𝜃

𝑟

1+ 𝑟
𝜃 + 𝑟 𝜌, (3)

which is strictly decreasing in 𝑟. When an opportunity to renegotiate arises, lenders and the gov-

ernment engage in Nash bargaining. We define the outcome 𝜌∗ (𝑟) as

𝜌∗ (𝑟) = argmax
�̃�

[
𝑆𝐿𝐸𝑁 ( �̃�)

]𝛼 [
𝑆𝐺𝑂𝑉 ( �̃�)

]1−𝛼
(4)

𝑠.𝑡. 𝑆𝐺𝑂𝑉 ( �̃�) =𝑉 𝐴 ( �̃�) −𝑉𝐷 (𝜌∗ (𝑟)) ≥ 0,

𝑆𝐿𝐸𝑁 ( �̃�) =𝑄𝐴 ( �̃�) −𝑄𝐷 (𝜌∗ (𝑟)) ≥ 0,

where 𝛼 ∈ [0,1] is the lenders’ bargaining power, and 𝑆𝐺𝑂𝑉 and 𝑆𝐿𝐸𝑁 are the surpluses of the

government and the lenders, respectively. Note that both participation constraints consider the

option of waiting for a future renegotiation with outcome 𝜌∗ (𝑟). If we assume an interior solution,
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the first-order condition of the problem in (4) is

𝛼

[
𝑢 (1− 𝜌∗ (𝑟)) −𝑢 (𝜆)

1− 𝛽 (1− 𝜃)

]
− (1−𝛼) 𝑟

𝜃 + 𝑟
𝑢′ (1− 𝜌∗ (𝑟))

1− 𝛽
𝜌∗ (𝑟) = 0, (5)

where we have used the definitions of 𝑉 𝐴, 𝑉𝐷 , 𝑄𝐴, and 𝑄𝐷 above.

Proposition 1. There is a unique 𝜌∗ ∈ [0,1] that solves the bargaining problem in (4), which is

decreasing in 𝑟.

Proof : The left-hand-side of equation (5) is positive for 𝜌∗ = 0 (since 𝑢 is increasing and

concave) and becomes negative as 𝜌∗ → 1. By the intermediate value theorem, there is a 𝜌∗ ∈ [0,1]

that satisfies equation (5). In addition, since 𝑢 and 𝑢′ are monotonic, this solution 𝜌∗ is unique.

If 𝛼 = 1, then 𝜌∗ (𝑟) = 1−𝜆, and if 𝛼 = 0, then 𝜌∗ (𝑟) = 0, regardless of the value of 𝑟. For any

𝛼 ∈ (0,1) we can rearranging equation (5) to get

𝑢 (1− 𝜌∗ (𝑟)) −𝑢 (𝜆)
𝑢′ (1− 𝜌∗ (𝑟)) 𝜌∗ (𝑟) =

1−𝛼

𝛼

1− 𝛽 (1− 𝜃)
1− 𝛽

𝑟

𝜃 + 𝑟 ,

where the left-hand-side is decreasing in 𝜌∗ (𝑟) (this follows from 𝑢 being increasing and concave)

and the right-hand-side is strictly increasing in 𝑟. If the interest rate increases then the right-hand-

side increases, so 𝜌∗ (𝑟) must decrease for the left-hand-side to increase for the equality to hold.

This implies that the unique renegotiation outcome 𝜌∗ is decreasing in the parameter 𝑟. �

For 𝑟 to have an impact on the renegotiation outcome, it is crucial that both parties have some-

thing to gain from the renegotiation game. The fact that both parties have the possibility to choose

to delay the renegotiation process guarantees that both get a positive value out of the game as long

as both have some bargaining power.

Recursive formulation.—Given the above characterization of the renegotiation game, the

value of the government in good financial standing is

𝑉 (𝑏, 𝑦;𝑟) = max
𝑑∈{0,1}

{
𝑑𝑉𝐷 (𝜌∗ (𝑟)) + (1− 𝑑)𝑉𝑃 (𝑏, 𝑦;𝑟)

}
, (6)
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where 𝑑 is the default decision. The value of repaying the debt is

𝑉𝑃 (𝑏, 𝑦;𝑟) = max
𝑐,𝑏′

{𝑢 (𝑐) + 𝛽E [𝑉 (𝑏′, 𝑦′;𝑟)]} (7)

𝑠.𝑡. 𝑐+ 𝑏 ≤ 𝑦 + 𝑞 (𝑏′;𝑟) 𝑏′,

where 𝑞 is the price schedule for government bonds. Note that 𝑉𝑃 is strictly increasing in 𝑦 for

any given 𝑏, so the default set D (𝑏;𝑟) =
{
𝑦 ∈ (0,2) |𝑉𝑃 (𝑏, 𝑦;𝑟) < 𝑉𝐷 (𝜌∗ (𝑟) ;𝑟)

}
is characterized

by a cutoff value 𝑦∗ (𝑏;𝑟) such that

𝑉𝑃 (𝑏, 𝑦∗ (𝑏;𝑟) ;𝑟) =𝑉𝐷 (𝜌∗ (𝑟)) . (8)

Equilibrium.—An equilibrium is value functions 𝑉 , 𝑉𝑃 and 𝑉𝐷 , policy functions 𝑑 and 𝑏′, a

price schedule 𝑞, and a renegotiation outcome 𝜌∗ such that: (i) 𝜌∗ solves the bargaining problem in

(4); (ii) given 𝜌∗ and 𝑞, the value and policy functions solve the functional equations (6) and (7);

and (iii) given 𝜌∗ and 𝑑, the price schedule is actuarially fair:

𝑞 (𝑏′;𝑟) = 1−𝐹 (𝑦∗ (𝑏′;𝑟))
1+ 𝑟 + 𝐹 (𝑦∗ (𝑏′;𝑟))

1+ 𝑟
𝑄𝐷 (𝜌∗ (𝑟))

𝑏′
, (9)

where 𝑦∗ is the cutoff value implied by the policy function 𝑑.

2.1 Renegotiation matters

The risk-free rate 𝑟 affects default incentives ex-ante through two mechanisms.

The first, which we call the standard mechanism, refers to how 𝑟 affects the budget constraint

of the government in repayment through its direct effect on how lenders discount the future (the

denominators in the pricing equation (9)). This direct effect reduces 𝑞 (𝑏′;𝑟) in (3), tightening the

government’s budget constraint.

The second, which we call the renegotiation mechanism, refers to how 𝑟 affects the renego-

tiation outcome 𝜌∗ and, through it, how it shifts the price schedule 𝑞 and the value of defaulting

𝑉𝐷 . Equation (3) shows that a larger interest rate reduces the lenders’ outside option in the bar-

gaining game because their opportunity cost of delaying collection of payments increases. This
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makes them willing to accept a lower value for 𝜌∗ and, in turn, reduces the ex-ante value of its debt

𝑞 through the second term in the pricing equation (9). Thus, this better outcome both increases

the value of default through a higher value after renegotiation and reduces the value of repayment

through a tighter budget constraint.

Proposition 2. Let 𝑟,𝑟′ be such that 0 < 𝑟 ≤ 𝑟′. For any 𝑏 such that the repayment sets are not

empty for 𝑟 and 𝑟′, the default set is expanding in 𝑟 . That is, D(𝑏;𝑟) ⊆ D(𝑏;𝑟′).

Proof : Proposition 1 implies that 𝑉𝐷 is increasing in 𝑟 . Also, it is clear from equation (7) that

𝑉𝑃 is decreasing in 𝑟. Then, for equation (8) to hold, 𝑦∗ must also increase as 𝑟 increases.�

Proposition 2 provides the main result of this section: default incentives are increasing in 𝑟.

The intuition is that high interest rates improve the government’s value of defaulting because they

improve the terms that it would get out of an eventual renegotiation. In the absence of endogenous

renegotiation, the interest rate would still affect default incentives, but only through the standard

mechanism.

Suppose there is a counterfactual economy in which debt recovery is fixed 𝜌∗ = 𝜅 ∈ (0,1). The

value of repayment in equilibrium becomes

𝑉𝑃 (𝑏, 𝑦;𝑟, 𝜅) = max
𝑏′

{𝑢 (𝑐) + 𝛽E [𝑉 (𝑏′, 𝑦′;𝑟, 𝜅)]} (10)

𝑠.𝑡. 𝑐+ 𝑏 ≤ 𝑦 + 1−𝐹 (𝑦∗ (𝑏′;𝑟, 𝜅))
1+ 𝑟 𝑏′+ 𝜃𝐹 (𝑦∗ (𝑏′;𝑟, 𝜅))

(𝜃 + 𝑟) 𝑟 𝜅,

and the cutoff 𝑦∗ is now defined by

𝑉𝑃 (𝑏, 𝑦∗ (𝑏;𝑟, 𝜅) ;𝑟, 𝜅) =𝑉𝐷 (𝜅) .

The risk-free rate is irrelevant for the payoffs after default in this case. The limit 𝜅 → 0 corre-

sponds to a model in which lenders recover nothing after default and the government remains in

autarky forever. This limiting case would further undermine the role of the standard mechanism

by eliminating the second term in the budget constraint from equation (10).

In a sense, our previous assumptions make the above model almost static. In the next section

we augment a state-of-the-art sovereign default model to include the renegotiation mechanism that

we highlight in this section.
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We calibrate this state-of-the-art model to Mexico in the early 1980s, and we show that the

quantitative significance of the renegotiation mechanism is far larger than that of the standard

mechanism by itself.

3 Quantitative model

We now extend our simple model into a quantitative sovereign default model with renegotiation.

The key additions are shocks to the real interest rate and readmission to financial markets after

debt renegotiation. We also allow for long-term debt and persistent income shocks. Given these

assumptions, results similar to Propositions 1 and 2 cannot be proved, but, as will be clear later,

the intuition behind both results persists.

Shocks and preferences.—The risk-free interest rate can take two values 𝑟𝑡 ∈ {𝑟𝐿 , 𝑟𝐻}, with

𝑟𝐿 < 𝑟𝐻 , and follows a Markov chain, where 𝜋𝑖 𝑗 with 𝑗 ∈ {𝐿,𝐻} are the transition probabilities.

Each period, the economy receives a stochastic endowment of a tradable good 𝑦𝑡 that follows a

log-normal AR(1) process log (𝑦𝑡) = 𝜌 log (𝑦𝑡−1) + 𝜖𝑡 , with |𝜌 | < 1 and 𝜖𝑡 ∼ 𝑁
(
0,𝜎2

𝜖

)
. This model

differs from the simple model in that the endowment follows this stochastic process regardless

of the government’s financial standing. The government has preferences for consumption in each

period, represented by 𝑢 (𝑐) = 𝑐1−𝜎

1−𝜎 , and discounts the future at a rate 𝛽.

Debt and default.—The government issues long-term, non-contingent debt in international

financial markets. The setup is similar to Hatchondo and Martinez (2009) in that a bond consists

of a perpetuity with geometrically declining payments: a bond issued in period 𝑡 promises to pay

𝛾 (1−𝛾) 𝑗−1 units of the tradable good in period 𝑡 + 𝑗 , ∀ 𝑗 ≥ 1. The law of motion for bonds is given

by 𝑏𝑡+1 = (1−𝛾) 𝑏𝑡 + 𝑥𝑡 , where 𝑏𝑡 is the number of bonds due at the beginning of period 𝑡, 𝛾 is the

fraction of bonds that mature each period, and 𝑥𝑡 is the issuance of new bonds. Debt is purchased

by a measure 1 of identical risk-neutral competitive lenders with deep pockets who discount the

future at the current risk-free rate 1/(1+ 𝑟𝑡). At the beginning of each period, the government

observes the realization of the shocks and 𝑏𝑡 and decides whether to repay or default. If it chooses

to default, then it gets immediately excluded from financial markets. We follow Chatterjee and

Eyigungor (2012) and assume the following asymmetric cost to output while the government is in
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default:

𝜙 (𝑦𝑡) = max
{
0, 𝜙0𝑦𝑡 +𝜙1𝑦

2
𝑡

}
, where 𝜙0 < 0 < 𝜙1.

At the beginning of each period after default, an opportunity to renegotiate the outstanding debt

arises with probability 𝜃.

Renegotiation.—When an opportunity to renegotiate arises, lenders and the government en-

gage in Nash bargaining to determine a new debt level 𝑏𝑅 for the government to re-enter financial

markets with. In the renegotiation period, after 𝑏𝑅 has been determined, the government pays

𝛾𝑏𝑅 and is allowed to issue new debt. Readmission with 𝑏𝑅 must be mutually beneficial, and we

continue to assume that both the government and the lenders have the option to reject an offer and

delay renegotiation for a later opportunity. As in the simple model, a delay does not happen in equi-

librium, because the dead-weight cost to output in default (in both the present and future periods)

implies that there is always a positive surplus to split. Unlike the one in the simple model, how-

ever, the surplus is not constant, but rather dependent on both the current level of output—which

determines real resources to be split—and on the level of the risk-free interest rate—which affects

the lenders’ outside option and the value of new debt that the government could issue. Also, note

that the renegotiated debt level 𝑏𝑅 is a function only of the present and future surplus to be split,

and does not depend on how much debt was defaulted on. This is an important difference between

our model and the one in Hatchondo, Martinez, and Sosa Padilla (2014). In their environment,

the exchanged debt depends on outstanding debt because the outside option of the lenders is the

current market value of it. This is because they model voluntary debt exchanges that happen in-

stead of default, rather than after default. They assume that if lenders reject the exchange, they can

collect the current market value of the debt, while we assume that if they reject, then renegotiation

is delayed to a future period.

Our bargaining game endogenously determines a haircut. Consequently, we do not impose an

exogenous haircut, as is customary in the literature. This raises the question of what the appropriate

benchmark is to which we should compare our model. We consider the two obvious alternatives.

First, we compare our results with those from a model in which the haircut is 100 percent. Second,

we consider a model with a fixed haircut calibrated to the observed haircut for Mexico, as is
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standard.1 An attractive feature of this case is that we calibrate the bargaining power of the country

in the model with the renegotiation mechanism to also match the same average haircut. Thus, by

comparing these two cases, we can disentangle the effect of the haircut being endogenous.

3.1 Recursive formulation

The state of the economy is (𝑏, 𝑦,𝑟). The value function of the government in good standing is

𝑉 (𝑏, 𝑦,𝑟) = max
𝑑∈{0,1}

{
(1− 𝑑)𝑉𝑃 (𝑏, 𝑦,𝑟) + 𝑑𝑉𝐷 (𝑦,𝑟)

}
, (11)

where 𝑑 is the default decision. If the government decides to repay, it makes coupon payments 𝛾𝑏

and gets to issue new bonds. The value of the government in repayment is

𝑉𝑃 (𝑏, 𝑦,𝑟) = max
𝑐,𝑏′

{𝑢 (𝑐) + 𝛽E [𝑉 (𝑏′, 𝑦′, 𝑟′)]} (12)

𝑠.𝑡. 𝑐+𝛾𝑏 ≤ 𝑦 + 𝑞𝑃 (𝑏′, 𝑦, 𝑟) [𝑏′− (1−𝛾) 𝑏] ,

where 𝑞𝑃 is the price schedule of newly issued bonds. The value of the government if it chooses

to default is

𝑉𝐷 (𝑦,𝑟) = 𝑢 (ℎ (𝑦)) + 𝛽

{
𝜃E

[
𝑉𝑃

(
𝑏𝑅 (𝑦′, 𝑟′) , 𝑦′, 𝑟′

)]
+ (1− 𝜃)E

[
𝑉𝐷 (𝑦′, 𝑟′)

]}
, (13)

where ℎ (𝑦) = 𝑦−𝜙 (𝑦) is the output net of default costs, and 𝑏𝑅 (𝑦′, 𝑟′) is the value of renegotiated

debt when the state is (𝑦′, 𝑟′). When an opportunity to renegotiate arises, 𝑏𝑅 is determined as

𝑏𝑅 (𝑦,𝑟) = argmax
�̃�

{[
𝑆𝐿𝐸𝑁 (𝑦,𝑟)

]𝛼 [
𝑆𝐺𝑂𝑉 (𝑦,𝑟)

]1−𝛼}
(14)

𝑠.𝑡. 𝑆𝐿𝐸𝑁 (𝑦,𝑟) =
[
𝛾 + (1−𝛾) 𝑞𝑃

(
𝑏𝑃

(
�̃�, 𝑦, 𝑟

)
, 𝑦, 𝑟

)]
�̃�−𝑄𝐷 (𝑦,𝑟) ≥ 0,

𝑆𝐺𝑂𝑉 (𝑦,𝑟) =𝑉𝑃
(
�̃�, 𝑦, 𝑟

)
−𝑉𝐷 (𝑦,𝑟) ≥ 0,

1We thank Francisco Roch for suggesting this alternative benchmark.
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where 𝑏𝑃 is the policy function of the government’s problem in repayment (12) and 𝑄𝐷 (𝑦,𝑟) is

the value of a representative lender holding defaulted bonds:

𝑄𝐷 (𝑦,𝑟) = 𝜃

1+ 𝑟E
[{
𝛾 + (1−𝛾) 𝑞𝑃 (𝑏′′, 𝑦′, 𝑟′)

}
𝑏𝑅 (𝑦′, 𝑟′)

]
(15)

+ 1− 𝜃

1+ 𝑟 E
[
𝑄𝐷 (𝑦′, 𝑟′)

]
,

with 𝑏′′ = 𝑏𝑃
(
𝑏𝑅 (𝑦′, 𝑟′) , 𝑦′, 𝑟′

)
. The participation constraints in (14) capture how both the govern-

ment and the lenders have the option to delay renegotiation for a future opportunity.

The relation between the renegotiated debt 𝑏𝑅 and the risk-free rate 𝑟 is not as transparent as

in the simple model, but the same intuition laid out in the latter persists. Equation (15) shows

that when the risk-free rate is high, lenders discount the future at a higher rate, which directly

lowers their outside option 𝑄𝐷 . Thus, with high 𝑟, lenders are more willing to accept a lower 𝑏𝑅

since they value immediate payments more than potentially higher future ones. The government

understands that it will get better terms if renegotiation happens when the risk-free rate is high. So,

if interest rates are expected to remain high (for example, if the process for 𝑟 is highly persistent),

then high interest rates in the present make default more attractive through expectations of better

renegotiation terms (low 𝑏𝑅 if renegotiation happens while 𝑟 remains low).

The price of debt in good financial standing 𝑞𝑃 reflects the actuarially fair value of newly issued

bonds 𝑏′:

𝑞𝑃 (𝑏′, 𝑦, 𝑟) = 1
1+ 𝑟E

[
{1− 𝑑 (𝑏′, 𝑦′, 𝑟′)}

{
𝛾 + (1−𝛾) 𝑞𝑃 (𝑏′′, 𝑦′, 𝑟′)

}]
(16)

+ 1
1+ 𝑟E

[
𝑑 (𝑏′, 𝑦′, 𝑟′) 𝑄

𝐷 (𝑦′, 𝑟′)
𝑏′

]
,

where 𝑏′′ = 𝑏𝑃 (𝑏′, 𝑦′, 𝑟′) is the government’s debt issuance if it repays in the next period.

Equation (16) shows how the risk-free rate affects the price of debt through both mechanisms.

Through the standard mechanism, an increase in 𝑟 lowers the market value of debt because it

increases the rate at which lenders discount the future. This decreases how much the government

can raise from a new debt issuance, which in turn makes default more attractive. Through the

renegotiation mechanism, 𝑄𝐷 decreases when the interest rate is high if it is expected to remain

high when an opportunity to renegotiate arrives. This further decreases 𝑞𝑃 by making the second
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term in equation (16) lower. If the recovery value was exogenously fixed, this last effect would

vanish. A higher 𝑟 would still make default more attractive but only through its direct effect on

the government’s budget constraint due to 𝑞𝑃 shifting downward. Moreover, this shift would be

driven only by the standard mechanism, since 𝑄𝐷 in the right-hand side of equation (16) would be

invariant to 𝑟 .

Equilibrium.—An equilibrium is value and policy functions for the government, a price sched-

ule 𝑞𝑃, a value of holding defaulted debt 𝑄𝐷 , and a function for renegotiated bonds 𝑏𝑅 such that:

(i) given 𝑞𝑃, 𝑄𝐷 , and 𝑏𝑅, the value and policy functions of the government satisfy equations (11),

(12), and (13); (ii) given 𝑏𝑅 and the government’s policy functions, the value 𝑄𝐷 satisfies the func-

tional equation (15); (iii) given the value and policy functions of the government, and given 𝑄𝐷 ,

𝑏𝑅 solves the bargaining problem in (14); and (iv) given the policy functions and 𝑄𝐷 , the price 𝑞𝑃

satisfies equation (16).

3.2 Calibration

We consider the 1982 Mexican debt crisis, which was preceded by a sizable increase in U.S. interest

rates. We use our model to assess the extent to which this increase triggered the Mexican default

decision and whether renegotiation dynamics played an essential role.

Table 1 presents all parameter values that we calibrate directly. Each period in the model

corresponds to 1 year. The risk aversion parameter is set to a standard value, 𝜎 = 2. The AR(1)

income process estimation uses HP-filtered logged Mexican GDP data from 1921 to 1983, which

yield an auto-correlation parameter 𝜌 = 0.705 and a standard deviation of innovations of 𝜎𝜖 =

0.040. We set 𝛾 = 0.75 so that the average bond duration equals 16 months, which was the average

maturity of the outstanding syndicated loans Mexico had by 1982 (see Negrete Cardenas (1999)).
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Table 1: Externally calibrated parameters

Parameter Value Details

low r 𝑟𝐿 0.012 1955 - 1980
high r 𝑟𝐻 0.062 1981 - 1985

Pr(low to high r) 𝜋𝐿,𝐻 0.01 Duration of 100 years
Pr(high to low r) 𝜋𝐻,𝐿 0.20 Duration of 5 years
Pr(renegotiation) 𝜃 0.19 5.2 years exclusion (Gelos, Sahay, and Sandleris (2011))

maturity rate 𝛾 0.75 Sixteen-month bonds
risk aversion 𝜎 2 Standard

income process
𝜌 0.705 AR(1) estimation
𝜎𝜖 0.040 annual data 1933-1983

The probability of switching from the high risk-free interest rate regime to the low one is set

to 𝜋𝐻,𝐿 = 0.20 so that it generates an expected duration of 5 years for the high regime. This is

the time it took interest rates in the U.S. to start decreasing, as can be seen in Figure 3. Hence,

implicit in our analysis is the assumption the Mexican government’s expectation for the duration

of high world interest rates was correct. We set the probability of switching from the low to the

high risk-free interest rate regime to 𝜋𝐿,𝐻 = 0.01 so that shocks like the one we are studying are

very infrequent events.

Figure 3: Real risk-free interest rate
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Figure 3 also displays the average interest rate during the Volcker shock (1980–1985) and the

average interest rate before that (1955–1980). Therefore, we set the risk-free interest rate in the

low regime to 𝑟𝐿 = 0.012, and to 𝑟𝐻 = 0.062 in the high regime.

We set the lenders’ bargaining power parameter 𝛼, the discount factor 𝛽, and the output cost

parameters 𝜙0 and 𝜙1 to jointly match four moments of the Mexican economy: a haircut of 0.24

following the Brady Plan, an average debt-to-GDP ratio of 0.19, a default probability of 0.03, and

an average spread of 0.03. Column (1) in Table 2 reports the parameter values for the benchmark

calibration.
Table 2: Parameters chosen to match data moments

Parameters

Benchmark Full exogenous haircut Partial exogenous haircut Targets from data

(1) (2) (3)

Bargaining power 𝛼 0.11 Haircut in 1990 0.24

Discount factor 𝛽 0.82 0.77 0.89 Debt-to-GDP ratio 0.19

Quadratic income 𝜙0 -0.20 -0.62 -0.46 Default probability 0.03

Cost function 𝜙1 0.23 0.69 0.49 Average spreads 0.03

To quantify the relevance of the renegotiation mechanism, we consider two alternative economies

in which the haircut to defaulted debt is determined exogenously. That is, we assume that, once

a renegotiation opportunity arrives, the government is readmitted to financial markets with a debt

level equal to 𝑏𝑅 = (1− 𝜅) 𝑏, where 𝜅 ∈ [0,1] is the exogenous haircut. We also assume that the

government can choose to reject this offer, in which case defaulted debt remains at 𝑏 and the gov-

ernment continues to be in autarky until a new opportunity arrives. The value in default is now a

function of the level of debt that the government defaulted on, 𝑏:

𝑉𝐷
𝜅 (𝑏, 𝑦,𝑟) = 𝑢 (ℎ (𝑦)) + 𝛽

{
𝜃E [𝑉𝜅 ((1− 𝜅) 𝑏, 𝑦′, 𝑟′)] + (1− 𝜃)E

[
𝑉𝐷
𝜅 (𝑏, 𝑦′, 𝑟′)

]}
, (17)

where the continuation value

𝑉𝜅 (𝑏, 𝑦,𝑟) = max
𝑑∈{0,1}

{
(1− 𝑑)𝑉𝑃

𝜅 (𝑏, 𝑦,𝑟) + 𝑑𝑉𝐷
𝜅 (𝑏, 𝑦,𝑟)

}
considers the government’s ability to choose to remain in default, and 𝑉𝑃

𝜅 and all other objects are

defined as before. We consider two cases: the case of full exogenous haircut with 𝜅 = 1, and the
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case of partial exogenous haircut with 𝜅 = 0.24, the relevant value for Mexico.2 For each of these

two cases, we recalibrate the model to match the same moments as in the benchmark. Columns (2)

and (3) of Table 2 report the corresponding parameter values.

3.3 Interest rate shocks and default

In order to analyze how renegotiation affects default incentives and, more importantly, the ability

of interest rate hikes to induce defaults, we divide the state space into three regions for pairs of

income and debt (𝑦, 𝑏): (i) one in which the government defaults for any risk-free interest rate, (ii)

one in which it repays for any risk-free interest rate, and (iii) the region in which the government

defaults only when the risk-free interest rate is high.

The left panel of Figure 4 presents these regions for the case in which there is no renegotiation

and no debt recovery. This corresponds to the calibration in Column (2) of Table 2, which is the

case where 𝜅 = 1 (or 𝛼 = 0, as discussed in footnote 2). The right panel presents these regions for

the same calibration but setting 𝛼 = 0.20.
Figure 4: Default regions, effect of renegotiation

(a) No renegotiation, no recovery (b) Renegotiation with 𝛼 = 0.2

Introducing renegotiation has two important implications in the model. First, it allows the

government to sustain higher levels of debt. This is because lenders expect some positive recovery
2Note that the case of 𝜅 = 1 is nested by the benchmark model by setting 𝛼 = 0. This gives the government all the

bargaining power and allows it to make take-it-or-leave-it offers to the lenders. The lenders are still allowed to delay
and wait for a future opportunity to receive a similar deal. In equilibrium, the value of any future renegotiation is
erased by the government having all the bargaining power at all times, which pushes the lender’s outside option to 0.
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after a potential default, so for any given default probability implied by some state, the market

value of debt is higher. Second, it expands the region in which default happens only with high

interest rates (the black region).

Figure 5 presents the same regions for the benchmark model with renegotiation and the coun-

terfactual case with an exogenous fixed haircut of 𝜅 = 0.24.

Figure 5: Default regions

(a) Renegotiation, benchmark (b) Fixed exogenous haircut, 𝜅 = 0.24

Note that the black regions are thicker than their counterpart in the left panel of Figure 4. This

highlights the role of renegotiation—as the comparison of both cases in Figure 4 did—but it also

stresses the role of debt recovery after default, even if it is exogenous. However, note that the black

region is more vertical in the case of endogenous renegotiation. This implies that for a given level

of debt, there is a larger range of income shocks that would be consistent with a default triggered

solely by an interest rate hike.

The above analysis of default sets is akin to comparing policy functions of different models,

which allows to understand how endogenous decisions drive simulated outcomes. We now analyze

default events in the ergodic distribution of each case. For each model, we simulate 100,500

periods and drop the first 500 to avoid results being driven by initial conditions. We use these

time series to compute the probability of an interest-rate hike triggering a default event—that is,

Pr (𝑑𝑡 = 1|𝑑𝑡−1 = 0, 𝑟𝑡 = 𝑟𝐻 , 𝑟𝑡−1 = 𝑟𝐿). Table 3 reports this statistic for all three cases.
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Table 3: Probability of interest-rate hikes triggering a default

No renegotiation, Fixed exogenous Endogenous
no recovery haircut renegotiation

Pr (default event|interest-rate hike) 0.06 0.13 0.24

In the model with no renegotiation and no debt recovery, only 6 percent of interest rate hikes

trigger a default, while in our benchmark model, this number is 24 percent. This makes the usual

narrative that the 1982 Mexican default was triggered only by higher interest costs unlikely. Just

the expectation of some debt recovery, even if it is independent of the interest rate, more than

doubles the likelihood of interest rate shocks triggering a default (from 0.06 to 0.13). This is

almost doubled again from 0.13 to 0.24 if this recovery endogenously depends on the level of the

interest rate, which is our renegotiation mechanism.

We now compare default episodes in the benchmark model with those in the model with no

debt recovery. Figure 6 displays the average paths around default episodes of income shocks, the

risk-free interest rate, and a hypothetical haircut:

haircut𝑡 = 1− 𝑏𝑅 (𝑦𝑡 , 𝑟𝑡)
𝑏𝑡

, (18)

where 𝑏𝑅 is the renegotiation outcome defined in (14). This is the haircut that would occur if

a renegotiation happened in period 𝑡 with the shock realizations (𝑦𝑡 , 𝑟𝑡) and the defaulted debt

had been 𝑏𝑡 . We simulate 10,000 default episodes and compute the average paths in a 20-period

window around each.
Figure 6: Paths around default events
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While the pattern of income shocks is pretty similar in both models, interest rate hikes are sub-

stantially more associated with default in the benchmark model. Also, note that the hypothetical

haircut substantially increases in the periods leading up to the default event; this result stresses the

role that better expected terms for the government play in triggering the default decision. Given the

persistence of the income and risk-free interest rates, the anticipation of more favorable restruc-

turing terms makes defaulting more attractive and borrowing more expensive. This mechanism is

nonexistent in the two counterfactual models with exogenous fixed debt relief.

Figure 7 shows the distributions of realized haircuts conditional on each interest rate level.

The distribution under low interest rates has a lower variance, and haircuts are more concentrated

around the targeted average. In contrast, the distribution under high interest rates is much more

volatile and slightly skewed to the left. The higher mode and higher average of realized haircuts

capture the government’s improved bargaining conditions when interest rates are high.

Figure 7: Distribution of haircuts

The fatter left tail with high 𝑟 captures another interesting feature of the model. Governments

gamble on receiving generous haircuts: their realized haircut is high when the persistent risk-free

interest rate remains high, but it is much lower if there is a switch back to a low 𝑟. Since the default

set is larger when interest rates are high, prolonged periods of high interest rates feature more

renegotiation episodes involving governments with relatively low debt and high income. These are
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the “unlucky” cases (for the government) in the left tail of the distribution under the “default in

high 𝑟” regime.

This was the case for Mexico. It was only in 1989 that Mexico managed to renegotiate with

the lenders and end the default episode. This was seven years after the default, and it was indeed a

year of low real interest rates.

Bad luck is indeed the interpretation offered by the model. The expected renegotiation occurs

on average after five years, and Mexico had a bad draw. But this interpretation does not survive

the test of history, as we discuss this in the next section, where we also argue that a more accu-

rate interpretation raises doubts regarding the way we calibrated the parameter that governs the

probability of renegotiation.

4 Causes and consequences of the delayed renegotiation

In this section we briefly review the events that unfolded following Mexico’s default. We focus in

particular on the role played by U.S. government officers and regulators in the episode. In our view,

this narrative raises doubts regarding the calibration of the parameter governing the probability of

a renegotiation opportunity.

In a nutshell, the argument goes as follows: in defaulting, Mexico was expecting to be able to

reach an agreement with its creditor relatively soon. In fact, within six months after the default,

Mexican leaders initiated attempts to renegotiate with the banks. However, after Mexico defaulted,

several other countries followed. Because of a lack of prudent behavior on the side of banks, the

losses generated by all these default episodes were, in some cases, almost as large as the capital of

the banks.

The perception was that a failure of some of the banks could create a bank panic similar to the

one during the Great Depression, and the situation raised serious concerns among U.S. regulators.

The “too big to fail” doctrine took hold, and banks were not allowed to write off some of their

losses until it was deemed safe to do so. At the same time, the banks saw an opportunity to be

bailed out by the U.S. government, as the quotations below attest. The resolution of the default

episodes of the 80s was the outcome of a game much more complicated than the standard sovereign

debt model that we solved: it involved the sovereign, the lenders, and the U.S. regulators. Both

24



the banks and the US regulators saw benefits in delaying the renegotiation, a factor that was not

necessarily on the cards when Mexico decided to default in the summer of 1982.

In our benchmark calibration, following standard practice, we assumed the probability of hav-

ing a renegotiation opportunity to be about 1 every 5 years. Relative to the specific experience of

Mexico, this number appears to be too optimistic. In what follows, we argue exactly the oppo-

site: a natural assumption for Mexico in August of 1982 was that the perceived probability of a

renegotiation was substantially higher than 1 every 5 years—the value we used in the calibration.

In order to make our case, which is heavily influenced by Dooley (1995), Seidman (2000), and

Silber (2012), we briefly review, in the next sub-section, the major events in international financial

markets since the 70s.

4.1 The role of U.S. banks and U.S. regulators in the 1980s debt crisis

During the Bretton-Woods period, international financial markets were dominated by official lend-

ing to developing countries. The change came about after the massive wealth redistribution across

countries that followed the oil shock of the early 70s. The oil-rich countries amassed huge savings,

and governments of developed economies were reluctant to intermediate and redirect these funds

to emerging economies.

There is little doubt that the exposure of several major U.S. Banks to Latin American debt was

beyond prudent bank management. And to some extent, regulation failures explain that behavior.

For example, loans to a single borrower could not exceed 10 percent of bank’s capital; nevertheless,

regulators allowed different government agencies in foreign countries to be considered as different

borrowers. As a consequence, exposure to a single country’s sovereign institutions far exceeded

10 percent in many cases. There is even indication that banks were encouraged by official sources

to engage in lending to Latin American countries. For example, Lewis William Seidman, former

head of the U.S. Federal Deposit Insurance Corporation, claims in Seidman (2000) that there were

non-profit-maximizing incentives for lending during the 1980s: “The entire Ford administration,

including me, told the large banks that the process of recycling petrodollars to the less developed

countries was beneficial, and perhaps a patriotic duty.” (Seidman (2000), pg. 38)

As a consequence, it was only natural that banks reacted to the crisis by immediately trying to
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involve their own authorities in the process. As we will argue, they had every incentive to involve

their own governments.

Several other countries followed Mexico and defaulted on their debts, and all those debts com-

bined amounted to a sizable fraction of the total capital of the banks. Therefore, it was also in

U.S. regulators’ interest to delay an agreement between the countries and the banks, since the total

accumulated loss for the banks could have triggered a banking crisis in the United States.

Seidman (2000) argues that the renegotiation for Mexico took longer than expected and that

the delay can partly be blamed on U.S. regulators, who did not allow banks to write down their

defaulted debt: “U.S. bank regulators, given the choice between creating panic in the banking

system or going easy on requiring our banks to set aside reserves for Latin American debt, had

chosen the latter course. It would appear that the regulators made the right choice.” (Seidman

(2000), pg. 127)

Latin American defaults caused such problems for the U.S. banking system that concerns re-

garding the stability of the U.S. financial sector rivaled those about the tightening required to end

inflation, the core objective of Volcker’s first term in office, and the main reason why he is so well

remembered as a Fed chair.3

Volcker’s concerns with the emerging risks in financial markets were aired as early as May

1982, several months before the August crisis, which ended in Mexico’s default. At the May 18th,

1982, FOMC meeting, Volcker said, “We face the possibility of surprises and uncertainties...I’d

like to get the interest rates down, [and] it wouldn’t hurt my feelings at the very least to give the

market a little sense of a lid in that direction” (Transcript, FOMC Meeting, May 18th, 1982, pg.

41.)

Volcker had been closely following developments in Mexico since the country’s balance of

payments crisis in February 1982. He even arranged for two central bank swaps lines to provide

liquidity to the Bank of Mexico, involving in August of the same year his network of central

bankers in the United Kingdom, Switzerland, and Japan, among others. Volcker himself arranged

a meeting between the finance minister of Mexico, Silva Herzog, and representatives of the main

U.S. commercial banks. According to Silber (2012), Volcker even asked officials of the New York

3The discussion that follows heavily borrows from Silber (2012), which contains a very rich and fascinating dis-
cussion of the events we are concerned about.
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Fed to host the meetings. Mexico got relief from the banks during that meeting. At the FOMC

meeting on August 24th, 1982, Volcker said, “We are in a very sensitive period... And not just

economically, but in terms of the markets...and in fact concern—and I am afraid to some degree

justified concern—about the stability of the banking system. I am sure this is the time to be delicate

and sensitive... I don’t think we can be overly mechanical”. (Transcript, FOMC Meeting, August

24th, 1982, pg. 18.)

This statement leaves no doubts regarding Volcker’s concern for the stability of the banking

system. Together with his comments in the May 1982 FOMC meeting mentioned above, it suggests

that faced with concerns about the health of U.S. banks, he was willing to consider easing policy,

which could have complicated the inflation front. At the same August meeting, Henry Wallich,

then a member of the Board of Governors, raised the concern of stimulating too much at a time in

which the battle against inflation had not been won yet.

Finally, at the October 5th FOMC meeting, Volcker eventually decided in favor of the financial

stability objective. He addressed the committee by saying that “There is a substantive need for a

relaxation of pressures in the private markets in the United States... Extraordinary things may have

to be done. We haven’t had a parallel to this situation historically except to the extent that 1929 is

a parallel.” (Transcript, FOMC Meeting, October 5th, 1982, pg. 19.)

According to Silber (2012), the reference to the Great Depression was important to get a favor-

able vote to explicitly target a lower interest rate as the objective of monetary policy. This marked

the abandonment of a two year strategy of targeting monetary aggregates and, at the same time,

explicitly adopting a softer monetary policy. It is worth noting that in spite Volcker’s conviction,

there was resistance in the committee: the decision was taken with a split vote of 9 against 3.

In summary, in this perceived trade-off between inflation and financial markets stability, Vol-

cker leaned towards the latter. This was a pretty bold move. By October 1982, inflation had indeed

dropped dramatically, but the high inflation years were still very vivid in everybody’s memory.

And so were the years right after 1976, when, after a substantial drop in inflation and a quick loos-

ening of monetary policy during 1976 and 1977, inflation jumped up again in 1980 to its highest

value since the end of World War II.

The problems created in the U.S. banking system became so prominent that Volcker himself

was summoned for a formal hearing in Congress in February 1983. Volcker’s involvement with

27



the banking crisis preceded his role as chair of the Fed. From 1975 to 1979, he was the president

of the New York Fed. As such, he shared responsibility in the supervision of U.S. banks, including

many of those involved in substantial lending to Latin American countries. His responsibilities

obviously increased as he became chair in 1979. During the hearings, he acknowledged that the

banking system faced “an unprecedented threat...we haven’t had to deal with during the postwar

period.” (International Debt: Hearings Before the Senate Subcommittee on International Finance

and Monetary Policy of the Committee on Banking, Housing and Urban Affairs, 98th Congress,

1st Sess., February 14th, 1983, pg. 258).

Senator John Heinz, chairman of the subcommittee, started the hearings by saying that “The

U.S. bank debt problems would not have gotten to their present dangerous stage had our bank

regulators not being asleep at the switch” (Ibid, pg. 237).

Senator William Proxmire, a member of the subcommittee, added, “Even though danger signals

were apparent to all but the willfully obtuse, U.S. banks increased their exposure in Mexico during

the first half of 1982 by $3.8 billion” (Ibid, pg. 237).

Asked if the regulators were forceful enough, Volcker replied, “I suppose, in retrospect, prob-

ably not.” (Ibid, pg. 237).

These events conditioned the renegotiation game between Mexico and its creditors, starting

a protracted period of negotiations that had no way to solve the problem, mostly because of the

standoff between the banks and the U.S. regulators. On this point, Dooley (1995) (pg. 271) men-

tions that “the events following the debt crisis cannot be adequately modeled as a game involving

only debtors (developing-country governments) and creditors (commercial banks). By leaving out

the interested and relatively wealthy third parties (industrial country governments), this framework

fails to capture the basic nature of the problems generated by the crisis.”

This game between creditors evolved in clear favor of banks. According to Dooley (1995), in

1982, debtor countries owed about $280 billion to the banks and another $115 billion to official

creditors. By the end of the decade, the real value of the debt to the banks was close to $240

billion but the real value of the debt to official lenders went up to about $240 billion. The bank

debt numbers are consistent with countries paying the full nominal value of the interest during

these years, in which case the nominal value of the debt would have remained constant. With an

accumulated inflation rate of roughly 20 percentage points, the real value of a $280 billion debt
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would become about $230 billion, very close to the number observed at the end of the 80s. How

did the countries make all these interest payments? Probably partly with the positive trade balance

observed during some of those years, but surely by borrowing from institutional lenders, which

explains the substantial increase in the real value of this type of debt.

Regarding the protracted period of renegotiation, Dooley (1995) concludes, “Neither the banks

nor the creditor governments, however, saw any advantage to presenting their position with ex-

cessive clarity. Banks were winning the game as it was being played, and governments that had

asserted they would not bail out the banks were not anxious to concede that they were doing slowly

what they would not do quickly.” (pg. 276).

4.2 Higher renegotiation probability

Modeling the much more complicated game between Mexico, the banks and the U.S. government

is way beyond the scope of the paper. In the standard model of sovereign default, this change in

the game can be quantified through the the probability of renegotiation. The narrative of the debt

crisis discussed above suggests that the relevant parameter for the probability of a renegotiation in

Mexico in 1982, when the decision to default was made, was substantially lower than 1 every 5

years, the probability used in the benchmark calibration.

The ex-post value we use, following standard practice, is precisely the result of the very pro-

tracted process of renegotiation described in the previous section. This is consistent with the evi-

dence in Gelos, Sahay, and Sandleris (2011), which we use to calibrate the model, and in Reinhart

and Rogoff (2009): both report an average default duration in the 90s that is roughly half of the

duration they report for the 80s.

The chance of a quick renegotiation is essential in the theory, since the borrower gets better

terms only if the bargaining game is played when the interest rate is still high. Thus, a key inter-

action for the renegotiation mechanism to play an important role is the persistence of the interest

rate shock—the more persistent, the stronger the mechanism—and the likelihood of a fast renego-

tiation opportunity—the higher the likelihood, the stronger the mechanism. If we are correct, then

the benchmark calibration underestimates the role of the renegotiation mechanism.

We therefore conclude this section by exploring the sensitivity of our results to changes in the
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parameter that governs the probability of having a bargaining opportunity. In Table 4, we report

the results of the same calibrated model, but using an expectation that the chance to renegotiate

arrives once every two years. We believe that this is number is closer to what Mexico could expect

in 1982.
Table 4: Probability of interest rate hikes triggering a default

No renegotiation, Fixed exogenous Endogenous
no recovery haircut renegotiation

Pr (default event|interest-rate hike, 𝜃 = 0.2) 0.06 0.13 0.24
Pr (default event|interest-rate hike, 𝜃 = 0.5) 0.08 0.25 0.47

In all cases, the probability of an interest rate hike triggering a default is larger, which makes

the case for the Mexican default in 1982 even stronger. This is due to a lower penalty from a shorter

exclusion from financial markets. Introducing renegotiation increases this probability because of

the higher likelihood of favorable haircuts with high interest rates. The increase is even higher with

a higher value of 𝜃, which highlights the interaction between the persistence of high interest rates

and the expected quick arrival of a renegotiation opportunity.

Figure 8: Paths around default events
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Figure 8 is the analogous of Figure 6 for this alternative exercise with higher 𝜃. As was the

case in the benchmark calibration, the implied haircut (the haircut that the government would get

if it were to default in the given period) sharply increases on default episodes. This increase is

driven by higher interest rates, which, given their persistence, are expected to remain high when a

renegotiation occurs.
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5 Evidence

We end the paper with a statistical exploration of the main mechanism implied by the renegotiation

game, which is the main contribution of the paper: a negative relationship between the risk-free

rate and the resulting haircut in a debt renegotiation.

We use the dataset constructed by Asonuma, Niepelt, and Ranciere (2023), who compute hair-

cut measures for different sovereign debt instruments in various restructuring episodes. Following

Sturzenegger and Zettelmeyer (2008), the haircut for a debt instrument 𝑖 exchanged for another

instrument 𝑒 (herafter SZ-haircut) is

ℎ𝑆𝑍𝑖,𝑒 = 1− 𝑁𝑃𝑉 (𝑟𝑒, 𝑥𝑒)
𝑁𝑃𝑉 (𝑟𝑒, 𝑥𝑖)

, (19)

where 𝑁𝑃𝑉 (𝑟, 𝑥) is the net present value of the cash flow stream of a debt instrument discounted

at a rate 𝑟 and 𝑥 is a vector of the instrument’s face value, maturity, and coupon structure. A

key detail is that both streams are discounted at the exit yield of the new instrument 𝑟𝑒, which

reflects the creditor’s new repayment capacity moving forward. Thus, the haircut defined in (19)

captures the actual loss to investors of the new characteristics 𝑥𝑒 relative to a benchmark with the

old characteristics 𝑥𝑖 under the new economic conditions captured by 𝑟𝑒.

In order to keep the model tractable, we assume, as is customary, that only bonds with coupons

that decay at a constant rate are issued. Thus, in the model, only the face value is renegotiated. In

the data, the structure of coupons and the maturity of the debt also change. Under the assumptions

of our model, however, haircuts computed using the face value of the debt or the NPV of its flows

are identical, so the measure of haircuts is the same in the model as in the data.

The data of SZ-haircuts from Asonuma, Niepelt, and Ranciere (2023) is for 531 instruments

from 44 restructurings. We focus strictly on restructurings that happen after default, like the ones

in our model. Our sample features 139 instruments in 17 episodes.

We estimate the following random effects regression:

ℎ𝑆𝑍𝑖,𝑒, 𝑗 ,𝑡 = 𝛼+ 𝛽𝑟𝑡 +Γ𝐶𝑖,𝑒 +𝑢 𝑗 + 𝜖𝑖,𝑒, 𝑗 ,𝑡 (20)

where ℎ𝑆𝑍
𝑖,𝑒, 𝑗 ,𝑡

is the SZ-haircut to instrument 𝑖 exchanged for instrument 𝑒 during episode 𝑗 at date
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𝑡, 𝑟𝑡 is the 1-year U.S. real interest rate at date 𝑡 (we use monthly values, since the data include the

exact date of the exchange), 𝑢 𝑗 is the random effect for episode 𝑗 , 𝜖𝑖,𝑒, 𝑗 ,𝑡 is the error term, and 𝐶𝑖,𝑒 is

a vector of relevant controls considered by Asonuma, Niepelt, and Ranciere (2023): the remaining

time to maturity at the time of the exchange, the coupon rate of instrument 𝑒 if it is fixed, and an

indicator variable on whether 𝑒 has a floating coupon rate.

Table (5) presents our main result: the coefficient on the real risk-free interest rate is positive

and significantly different from 0, which indicates that haircuts are larger when risk-free inter-

est rates are higher. Columns (1) and (2) report the estimation of equation 20 with and without

controls, respectively. The estimated coefficient implies that each additional percentage point in

risk-free rates increases haircuts by between 6 and 7 percentage points.

Table 5: Regression results

SZ-haircuts
(1) (2)

real risk-free rate 7.030** 6.329*
(2.951) (3.800)

maturity of instrument (years) -0.225**
(0.107)

coupon rate (fixed, percent) 1.091***
(0.377)

coupon rate (float, dummy) 1.914
(4.254)

constant 37.06*** 35.29***
(5.196) (6.965)

Observations 139 78
Number of episodes 17 14
Episode random effects Yes Yes
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

This result is robust to controlling for other relevant variables studied by Asonuma, Niepelt,

and Ranciere (2023) (Appendix B provides additional robustness analyses). Table (5) provides

support for the theoretical mechanism implied by the model.
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6 Conclusion

In this paper, we develop a theory of sovereign default and debt renegotiation in which shocks to

risk-free interest rates affect default incentives through a standard mechanism and a renegotiation

mechanism. We find that the renegotiation mechanism is quantitatively more relevant than the stan-

dard one alone, which complicates the widespread narrative about the Volcker shock’s role in the

1982 Mexican default. Besides our quantitative analysis of this particular default episode—which

is partly complicated by the intervention of U.S. bank regulators in the renegotiation process—we

present independent empirical evidence that supports our renegotiation mechanism. Using a wide

dataset of renegotiation episodes, we document that high risk-free rates during renegotiation are

associated with higher haircuts, which is at the core of our novel renegotiation mechanism.
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A Haircut measures

Following Sturzenegger and Zettelmeyer (2008), the haircut for a debt instrument 𝑖 exchanged for

another instrument 𝑒 is:

ℎ𝑆𝑍𝑖,𝑒 = 1− 𝑁𝑃𝑉 (𝑟𝑒, 𝑥𝑒)
𝑁𝑃𝑉 (𝑟𝑒, 𝑥𝑖)

,

where 𝑁𝑃𝑉 (𝑟, 𝑥) is the net present value of the cash flow stream of a debt instrument discounted

at a rate 𝑟 and 𝑥 is a vector of the instrument’s face value, maturity, and coupon structure.

An important difference between the model and the data is that haircuts in the data consider

changes to the face value of the debt, its maturity, and its coupon structure, while in the model,

only the face value 𝑏 is renegotiated, and the maturity rate 𝛾 and coupon structure are fixed. There-

fore, for each haircut observed in the data, we calculate its model equivalent, which considers our

simplifying assumptions and benchmark calibration.

Consider an instrument 𝑖 with face value 𝑏𝑖. Let 𝛾𝑖,𝑡 be its maturity rate in period 𝑡 and 𝑧𝑖,𝑡 its

coupon rate. In the data, the net present value of the cash flow from instrument 𝑖 discounted at the

exit rate 𝑟𝑒 is

𝑁𝑃𝑉 𝑑
(
𝑟𝑒, 𝑥

𝑑
𝑖

)
=

∞∑︁
𝑡=0

(
1

1+ 𝑟𝑒

) 𝑡 [ 𝑡∏
𝑠=0

(
1−𝛾𝑖,𝑠

) ] [
𝛾𝑖,𝑡 + 𝑧𝑖,𝑡

(
1−𝛾𝑖,𝑡

) ]
𝑏𝑖, (21)

where 𝑥𝑑
𝑖
=
(
𝑏𝑖, 𝛾𝑖,0, 𝛾𝑖,1, ..., 𝑧𝑖,0, 𝑧𝑖,1, ...

)
. In the model, 𝛾𝑖,𝑡 = 𝛾 and 𝑧𝑖,𝑡 = 0, for all 𝑖, 𝑡, are fixed

parameters, so the analogous expression is

𝑁𝑃𝑉𝑚
(
𝑟𝑒, 𝑥

𝑚
𝑖

)
=

∞∑︁
𝑡=0

(
1−𝛾

1+ 𝑟𝑒

) 𝑡
𝛾𝑏𝑖 = 𝛾𝑏𝑖

1+ 𝑟𝑒
𝛾 + 𝑟𝑒

, (22)

where 𝑥𝑚
𝑖
= (𝑏𝑖, 𝛾). When debt is renegotiated in the model, for a given income and risk-free rate

(𝑦,𝑟), the net present value of the cash flow stream of renegotiated debt 𝑏𝑅 is

𝑁𝑃𝑉𝑚
(
𝑟𝑒,

(
𝑏𝑅, 𝛾

))
= 𝛾𝑏𝑅 + 𝑞𝑅 (1−𝛾) 𝑏𝑅 = 𝛾𝑏𝑅

1+ 𝑟𝑒
𝛾 + 𝑟𝑒 , (23)

where 𝑞𝑅 = 𝑞
(
𝑏𝑃

(
𝑏𝑅 (𝑦,𝑟) , 𝑦, 𝑟

) )
and 𝑟𝑒 is an exit yield that makes the second equality hold. Thus,
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the SZ-haircut in the model is

ℎ𝑆𝑍𝑚 = 1−
𝛾𝑏𝑅 1+𝑟𝑒

𝛾+𝑟𝑒

𝛾𝑏 1+𝑟𝑒
𝛾+𝑟𝑒

= 1− 𝑏𝑅

𝑏
, (24)

which is simplified significantly by the fact that both streams are discounted by the same 𝑟𝑒 and

that the maturity rate remains unchanged. In the data, the losses incurred by lenders come from

changes to maturity and coupon structures, as well as changes to the face value of the debt. In the

model, all loses are captured by the change from 𝑏 to 𝑏𝑅.

Given data for 𝑟𝑒 for each restructured instrument, and given our calibrated value 𝛾 = 0.75, we

compute a model face value 𝑏𝑖, for each observed 𝑁𝑃𝑉 𝑑
(
𝑟𝑒, 𝑥

𝑑
𝑖

)
, by combining equations (21) and

(22):

𝑁𝑃𝑉 𝑑
(
𝑟𝑒, 𝑥

𝑑
𝑖

)
= 𝛾𝑏𝑖

1+ 𝑟𝑒
𝛾 + 𝑟𝑒

,

which is the face value that would generate the same 𝑁𝑃𝑉 𝑑
(
𝑟𝑒, 𝑥

𝑑
𝑖

)
if the instrument had the

model’s maturity and coupon structures and the future risk captured by 𝑟𝑒 remained unchanged.

B Robustness

Table 6 presents the estimation of equation (20) using SZ-haircuts as a dependent variable. This

table shows that the positive relationship between haircuts and interest rates remain positive and

statistically significant in all specifications with the relevant controls considered by Asonuma,

Niepelt, and Ranciere (2023): the remaining time to maturity at the time of the exchange, the

coupon rate of the instrument if it is fixed, and an indicator variable on whether the instrument

has a floating coupon rate. Each additional percentage point in risk-free rates increases haircuts by

between 6 and 7 percentage points.
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Table 6: Regression results with SZ-haircuts

Without controls With controls
(1) (2) (3) (4)

real risk-free rate 7.030** 7.015** 6.510* 6.329*
(2.951) (3.039) (3.609) (3.800)

maturity of instrument (years) 0.0960 -0.232** -0.225**
(0.0813) (0.106) (0.107)

coupon rate (fixed, percent) 0.939*** 1.091***
(0.168) (0.377)

coupon rate (float, dummy) 1.914
(4.254)

constant 37.06*** 36.53*** 36.36*** 35.29***
(5.196) (5.367) (6.284) (6.965)

Observations 139 139 78 78
Number of episodes 17 17 14 14
Episode random effects Yes Yes Yes Yes

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table (7) presents the estimation of equation (20) using the model equivalent haircuts as a

dependent variable. The same level of robustness is maintained in our findings when using the

alternative measure of haircuts, which incorporates the simplifying assumptions inherent to our

model: fixed maturity and coupon structure. The estimated effect of risk-free rates on our measure

of model haircuts is slightly stronger, with a magnitude between 6.8 and 7.6 percentage points.

Indeed, for each specification, the regression using the model haircuts estimates a higher effect of

the real risk-free rate than the analog regression using SZ-haircuts. Our results are also consistent

with the main findings of Asonuma, Niepelt, and Ranciere (2023): haircuts are lower for longer-

maturity bonds.
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Table 7: Regression results with model haircuts

Without controls With controls
(1) (2) (3) (4)

real risk-free rate 7.602** 7.535** 7.117* 6.807*
(3.484) (3.592) (3.746) (3.966)

maturity of instrument (years) 0.101 -0.232** -0.222**
(0.0997) (0.106) (0.107)

coupon rate (fixed, percent) 0.956*** 1.226***
(0.171) (0.410)

coupon rate (float, dummy) 3.292
(4.554)

constant 35.48*** 34.82*** 34.81*** 32.96***
(6.051) (6.268) (6.683) (7.468)

Observations 94 94 75 75
Number of episodes 14 14 13 13
Episode random effects Yes Yes Yes Yes

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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