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Preface

When politics meet economics, history has taught that standard con-
cepts of welfare maximization and efficiency take a back seat. And
if financial theory by itself were to guide investment decisions, em-
pirical finance could not produce new findings. Combine politics and
economics, theoretical and empirical finance, and add some spice from
dynamically developing markets, and you end up valuing emerging mar-
ket sovereign bonds. The monograph at hand approaches this challenge.
I am grateful for all the support and advice that I received during this
ambitious project.

First let me thank my advisors at the University of St. Gallen, Klaus
Spremann and Paul Söderlind, who offered me the opportunity to join
the Swiss Institute for Banking and Finance (s/bf) for fruitful years of
research and who supported my academic progress. I also thank Ken-
neth Kletzer and Michael Dooley of the University of California, Santa
Cruz, for hosting me as a visiting scholar and providing straightforward
advice on my work. My research abroad was made possible through the
sponsorship of the Swiss National Fund, for which I am most grateful.

As with most academic studies, this monograph has benefitted
greatly from the comments of others. Foremost, I thank Manmohan
Singh from the International Monetary Fund (IMF) whose good sense
of financial markets provided a refreshing antidote to my predomi-
nantly theoretical perspective. With his input and his extensive con-
tacts among market insiders two joint working papers came into being,
thus establishing the basis for Chap. 6. Furthermore, I thank Bojan
Bistrovic for his thoughts on many mathematical issues.

A summer spent at the IMF in 2004 became a very fruitful catalyst
for my research. I would like to thank everyone who made this possible.
The resulting IMF working paper constitutes an excellent complement
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to this monograph and helped me gauge the fundamental drivers of
sovereign bond risk. Hence I owe a debt of gratitude to my co-authors,
Natalia Tamirisa from the Policy Development and Review Depart-
ment and Geoffrey Bannister from the International Capital Markets
Department, as well as to my advisor Martine Guerguil. Many contacts
from that time have provided helpful guidance and have given rise to
important discussions transcending the scope of this dissertation. For
their inspiration I would like to thank Axel Bertuch-Samuels, Peter
Breuer, Jorge Chan-Lau, Norbert Funke, and Alexander Plekhanov.
Frank Packer and Haibin Zhu from the Bank for International Settle-
ments contributed valuable comments to Chap. 6. Raúl Javaloyes from
the UNCTAD gave me helpful insight into debt management tools.
Alvin Ying from JP Morgan Chase always responded instantly to data
requests.

Profound thanks, too, are due to my colleagues at my home univer-
sity in Switzerland who not only made the time there so enjoyable but
also provided crucial support in the early stages of this project. Helpful
comments were also received from the conferences of the German Eco-
nomic Association, the Swiss Society for Financial Market Research,
the Irish Economic Association, and the Quant Congress USA, as well
as from seminar participants at the universities in St. Gallen and Santa
Cruz, the IMF, and the Thurgau Institute of Economics. For helping
me revise this monograph on short notice I wish to thank Veronica
Schmiedeskamp, David Kaun, William Koch, and Andrew Verner.

Words do not suffice to describe the support of my wife Juliane.
During all stages of the dissertation she gave me invaluable emotional
backing and helpful advice to steer me through the adversities of a
young academic career. It was she who always stood by my side and
who willingly tolerated never ending working hours.

St. Gallen, January 2006
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1

Introduction

What will the world look like thirty years from now? Is the US dollar
going to retain its position as the key currency? Will the pace of global
integration with growing trade and capital flows continue, or recede in
a continuation of historical cycles? How will the industrialized world in-
teract with countries emerging from underdevelopment and competing
for scarce economic resources? What might be the impact of disruptive
events like natural disasters or civil unrest?

Given such commonplace uncertainties, it might seem astonishing
that one could plan for the future. Capital markets, however, seem to
do so as investors are willing to buy bonds from all parts of the world
promising payments up to forty years into the future. Despite the re-
cent push for long-term investment opportunities, should not caution
be recommended, in emerging markets and elsewhere? Is it rationally
justifiable to invest in emerging country governments, many of which
have a shaky past but are hardly ever called to account? Do investors
lend their money in the firm belief that the debtor will obey its repay-
ment obligations?

Such qualms, though, might not be warranted. When things start to
turn sour, investors who missed a timely exit quickly become engaged
in an effort to recover some lump sum. Just as a country is unlikely
to disappear from the world map, it is practically impossible for a
sovereign to shake off all past promises. However, with the large number
of actors in this game and the different interests at play, it might appear
miraculous how markets assign a value to sovereign risk.

The credit risk literature has tackled the issue of pricing default
risk by means of sophisticated calculus based on expectations theory
calibrated with empirical data. By doing so, modeling the term struc-
ture of risk spreads became the focal point. Postulating that the loss
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given default is a fraction of the market value helped to simplify mat-
ters greatly as the spread alone embodied all facets of credit risk. This
dogma remained intact even for analyzing sovereign default risk where
governments, in contrast to corporations, are immune to, and not liable
for, bankruptcy proceedings.

On the one hand, today’s scientific credit risk analysis has advanced
to a level of abstraction beyond the grasp of many investors. On the
other hand, market practitioners try to explain market movements with
bits of new information arriving, often lacking consistency. However,
both ways of understanding bond markets focus on bond yields and
the term structure of risk spreads. This widespread practice is also
reflected in credit risk management tools and the Basel II capital ad-
equacy framework. The literature to date has not considered repricing
of recovery value assumptions as an important feature of any market.
The seminal paper by Duffie and Singleton (1999) helped to shape this
attitude by advocating the recovery of market value concept. While
handy and sufficient in most cases, this concept allows little flexibil-
ity in modeling recovery. Apparently, this accepted custom may soon
change. Pan and Singleton (2005) acknowledge:

“Equally central to modeling the credit risk of sovereign issuers
is the recovery in the event of default”.1

The starting point of this study addresses some of the shortcomings
of conventional credit risk frameworks. This is done by adapting tradi-
tional models to better suit the valuation of bonds and credit default
swaps (CDS) subject to sovereign risk. The short history of sovereign
bond markets and the development of ad hoc approaches to sovereign
debt crises mark this study as an early contribution in exploring the
peculiarities of sovereign risk valuation. This monograph is intended
for investors searching for a toolkit when investing in emerging market
sovereign instruments, scholars interested in alternative ways of evalu-
ating default probabilities and recovery values, as well as other curious
readers intending to fend off urban legends.

The rest of the introduction explains why this topic has grown so
relevant in recent times. It motivates the subject from three different
perspectives, from both the buy and sell sides, as well as from an aca-
demic point of view. Section 1.2 of this chapter defines the scope of the
study, provides explanatory commentary on the nature of empirical
studies, and explains the structure of the following chapters.

1 Pan and Singleton (2005), p. 1.
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1.1 Relevance of the Topic

Along with the increase in global liquidity and market integration dur-
ing the last decade, new investment opportunities arose around the
world.2 Investors strove for higher returns and diversified risk, creat-
ing demand and liquidity for new financial products. Developing coun-
tries matched this demand, exploiting different channels to access much
needed international capital. Regulatory bodies, such as the Interna-
tional Monetary Fund (IMF), and academia devoted much effort to
overseeing, steering, and analyzing this development. These three pil-
lars are used in the following to highlight the relevance of sovereign
bonds for emerging countries today.

1.1.1 Relevance for Global Investment

Globalization includes the boundless flow of capital around the globe.
Citibank was among the pioneers of truly global banking, trying to
break the ties of the U.S. banking regulation and investing in devel-
oping countries. Soon, other banks joined this development.3 In the
1970s, a lending boom to emerging countries developed. Long-term
syndicated loans to these countries became an important vehicle for
recycling petrodollars.4 Bond markets also internationalized, creating
all sorts of internationally placed issues such as eurobonds, Yankee
bonds, Samurai issues, and global bonds.5 After the establishment of
a market for trading high yield instruments of corporations during the
1980s, risky bond instruments found their way into the portfolios of
institutional investors. In 1989, the Brady plan, which effectively secu-
ritized third world debt, paved the way for sovereign issuers into the
high yield market. Today, external emerging market debt accounts for
close to half of the high yield market (which has an estimated debt

2 See Bekaert and Harvey (2003) and Erb et al. (1999).
3 See Friedmann (1977).
4 The pseudonym “petrodollar” denotes capital received by oil exporting countries

after the oil price shocks. These funds were invested mainly in U.S. Treasury
bills or transferred to American and Western European banks. Banks used these
surpluses to increase their lending, especially to less developed countries, mainly
in Latin America.

5 Eurobonds are bonds issued on the euromarket, i.e. the international capital mar-
kets, in a currency other than that of the country of issuance. Yankee and Samurai
issues are denominated in US dollar or yen, respectively, and are exclusively sold
in the U.S. or Japanese markets. Global bonds are issued on the international
markets like eurobonds, but may be denominated in the same currency as the
country of issuance. International bonds serve as an umbrella term.
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volume of more than one trillion dollars). The share of sovereign issues
of all emerging market bonds is about two-thirds.6

Despite this expansion, global capital flows proved volatile during
the last 15 years. Financing the needs of emerging countries was put
into the hands of the international investor community while the recip-
ient countries initially lacked the economic and institutional structures
necessary to effectively manage large capital inflows and outflows. Al-
locating capital globally also meant an exposure to changes in global
liquidity, fluctuations in global risk aversion, and contagion. Cross-over
investors welcomed emerging market debt as a substitute when domes-
tic returns in industrialized countries were slack. The resulting volatil-
ity is reflected in Table 1.1, which shows a summary of annual capital
flows to thirty emerging countries. Whereas net capital flows from offi-
cial lenders turned negative due to loan repayments, net private capital
flows grew strongly, but remained volatile.

More recently, however, the sovereign bond market underwent a pro-
cess referred to as “secular maturation”. While fundamentals improved,
the growing number of bonds outstanding established a relatively liquid
asset class. The simultaneous emergence of a credit derivatives market
substantially increased the smooth functioning of the bond market.
This maturation enabled a widening of the investor base. Initially, only
dedicated investors dealt in the market, exploiting their specific knowl-
edge of emerging market bonds. In recent years, however, improving
fundamentals and declining spreads have attracted a broader investor
base. Large pension funds and buy-and-hold investors still make up the
majority of investors while investors from other mandates (e.g., global
bond funds) are being drawn into emerging market bonds on an “off-
index” bet. Hedge funds make up about one-third of investments in
emerging market debt and have become the marginal price setters.7

The maturation of the market affects not only the investor base, but
the composition of emerging market debt as well. While external bond
flows surpassed commercial bank loans by the end of the 1990s, this
expansion is dwarfed by the growth of the domestic debt markets. Since
1996, the stock of domestic debt exceeds the amount of external debt
in emerging markets and continues to increase at double digit rates.
This trend might overcome the “original sin” problem of investors un-

6 These numbers are compiled from Merrill Lynch, “Size and Structure of the World
Bond Market: 2002”, as well as JP Morgan Chase, “Emerging Markets Debt and
Fiscal Indicators”, July 2005, and “Emerging Markets Bond Index Monitor”, June
2005.

7 See JP Morgan Chase, “Emerging Markets As An Asset Class”, October 2005.
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Table 1.1. Capital flows to emerging market countries 1990–2004

Capital flows (US$ billion) 1990 1992 1994 1996 1998 2000 2002 2004†
Net external financing 75 159 201 338 191 184 117 250

Net private flows 35 121 175 334 139 187 120 303
Net equity flows 17 47 99 127 133 152 119 177

Net direct investment 14 31 65 92 121 139 112 138
Net portfolio investment 3 16 34 35 12 13 1 39

Net private credit flows 17 74 76 207 6 35 2 127
Net commercial banks 9 29 43 123 -55 -1 -4 54
Net nonbanks (mostly bonds) 8 45 33 84 61 36 5 73

Net official flows 40 38 26 4 52 -4 -3 -28
IFI 10 9 5 7 38 3 8 -19
Bilateral creditors 30 29 22 -3 14 -7 -11 -9

Source: Institute of International Finance. Figures for thirty emerging market
countries representing more than 90% of net private flows to developing countries.
The official sector consists of the international financial institutions (IFI), i.e. the
IMF, the World Bank, and multilateral development banks, as well as bilateral
lenders, i.e. other governments.
(†) Estimate.

willing to buy domestic currency instruments, and at the same time
reduce the danger of external imbalances. Moreover, investors are in-
creasingly looking into new instruments offering exposure to sovereign
risk. These include asset securitization and structured instruments, as
well as derivatives such as sovereign credit default swaps.8 Given mar-
ket incompleteness and a general lack of financial data on sovereigns,
the pricing of such new instruments requires a profound knowledge of
the nature of sovereign default risk, sovereign restructurings, and re-
covery values.

1.1.2 Relevance for Emerging Countries

Additional to these “push” factors, fundamentals in emerging countries
have been growing stronger and present a clear “pull” effect. The recent
contraction of sovereign spreads and the parallel surge in capital inflows
are seen as a result of both effects. Figure 1.1 illustrates the course of

8 See Ketkar and Ratha (2001), Alles (2001), and Packer and Suthiphongchai
(2003).
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sovereign spreads as represented in the JP Morgan Chase Emerging
Market Bond Index Global (EMBI Global).9

Fig. 1.1. Emerging market bond spreads, 1990–2005
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Learning from the crises of the last decade, emerging market gov-
ernments now strive to improve their economies’ external balances.
When pooling all developing countries, the total current account bal-
ance turned positive in 2000 for the first time in decades. More countries
have abandoned inflexible exchange rate arrangements—although some
prominent examples did so only painfully—which had contributed to
external imbalances in many cases. In recent years, more countries were
able to accumulate a comfortable cushion of foreign reserves, extend
the duration of their debt, and establish a smooth pattern of future
installments.

However, as evident from Fig. 1.2, the share of sub-investment grade
issuers within the emerging market asset class increased. The gradual
improvement of credit ratings in some countries (in particular transition
economies) failed to compensate for the large number of new entries
with sub-investment grade ratings. The few success stories, such as the
investment grade ratings of Mexico and Russia, were overshadowed by
the number of debt crises and defaults, headed by Argentina’s historical
default in 2001.

9 The EMBI Global is a total return index for US dollar denominated debt instru-
ments issued by sovereigns and quasi-sovereign entities of emerging countries. As
of July 2005, the index included 184 instruments such as Brady bonds, loans, and
global bonds from 32 countries with a total market capitalization of $281 billion.



1.1 Relevance of the Topic 7

Fig. 1.2. Evolution of sovereign ratings in the EMBIG 1993–2005
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As long as markets maintain their recently acquired resilience, gov-
ernments will continue to exploit the full potential of sovereign bond
markets. Expertise from debt swaps is used to pre-finance bond issues
with short remaining maturities and eliminate old Brady-style debt. Ac-
credited debtors utilize such exchanges to concentrate liquidity on fewer
issues, and introduce clauses in their debt contract which strengthen the
issuer’s rights and ensure a more orderly workout process. The concept
of “private sector involvement” (PSI), promoting equal burden shar-
ing among all creditors in debt crises, and the G-8 stance towards debt
forgiveness provide a stage for future bond restructurings. Judicial sup-
port for the controversial write-off in the Argentine restructuring has
fueled this development. A sophisticated knowledge of past transac-
tions presents good ammunition in face of the innovations the financial
market is likely to see, such as collective action rulings or repeated
restructurings. After the wave of soft restructurings in the Caribbean
region in 2005, similar deals are expected to become the prevalent credit
event for sovereign debt instruments. The exceptionally high recovery
values in such transactions present a challenge to traditional valuation
models for default contingent claims, such as bonds and credit default
swaps. A large portion of this study is dedicated to the issue of recovery
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specification, offering insight into the consequences of financial crises
and sovereign restructurings for the financial markets.

1.1.3 Relevance in Academic Research

The valuation of risky debt instruments and their derivatives has re-
ceived considerable attention in academic research. The most basic
theoretical foundations laid by Black and Scholes (1972) and Merton
(1974) have been extended to a comprehensive framework of theoret-
ical and empirical elaborations on credit risk.10 Driving this develop-
ment is the need for more sophisticated risk management, along with
the expansion of the credit derivative market, and the advancement of
structured products such as Collateralized Debt Obligations (CDO).
Thanks to the Basel II Capital Accord, recovery risk now enjoys closer
academic scrutiny.11 At the same time, more theoretical and empirical
work is dedicated to emerging market finance.12 After close attention
to sovereign debt contracts during the debt crises of the 1980s, a recent
strand of the literature has been devoted to analyzing sovereign credit
risk in traded instruments, foremost bonds. Chapter 2 provides a closer
look at this expanding field.

The focal point of the empirical literature in this field, however, is
the term structure analysis and its relation to the fundamentals. Given
the existence of sufficient time series data on different bonds subject to
the same credit risk, traded instruments issued by a sovereign present
a well suited research object for this purpose. The financial literature
has exploited these data by means of sophisticated stochastic term
structure models, such as Duffie et al. (2003).

However, stochastic models are currently not suited to incorporate
different concepts of recovery, thus foregoing an important aspect of
sovereign restructurings. Empirical models, although often lacking the
sound theoretical foundation of arbitrage free modeling, offer greater
flexibility while presenting no lesser a fit to the data. By compromising
on the no-arbitrage argument, the empirical part of this study yields
weekly estimates of the recovery value implied in sovereign bonds and
credit default swaps. This is intended to close a gap between the eco-
nomic literature on fundamental determinants of crises and the asset
pricing literature. The analysis assesses recent sovereign restructurings

10 See, among others, Ammann (1999), Cossin and Pirotte (2001), and Bielecki and
Rutkowski (2002).

11 See, as a collection of recent articles, Altman et al. (2005).
12 See Bekaert and Harvey (2002, 2003).
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through the lens of investors and implements the findings in a risk-
neutral bond valuation model which differs from the current mantra of
credit risk modeling. The empirical part yields estimates of unobserv-
able variables which, in contrast to previous contributions, separate
default intensity parameters from the estimated recovery rate. Such
measures might prove useful for future economic research on funda-
mental determinants of sovereign solvency and liquidity which, up to
now, frequently relies on mere simple indices (such as EMBIG spreads)
of sovereign risk.

This study also differs from the existing literature by concentrating
on countries and periods of financial distress. When default is close, the
price of a bond is dominated by the legal rank of the contractual claim
rather than the expected value of future cash flows. In the traders’
lingo, bonds are referred to as “trading on a price basis” instead of a
“yield basis”, as traditional term structure models assume. By address-
ing this appropriately, a better fit of empirically observed bond prices
is obtained. This evidence diverges from the irrelevance presumption
of recovery implicit in the recovery of market value (RMV) assump-
tion.13 Chapter 6 elaborates on this by illustrating the relevance of
the recovery value when pricing credit default swaps during financial
distress.

These points comprise the main contribution to the existing liter-
ature. The results will prove useful for scholars of sovereign risk and
sovereign bond investors alike. While the empirical results are intended
to give an idea of how sovereign risk analysis can be approached, the
conceptual issues addressed will help to conduct a more sound analysis
of sovereign investment instruments in the future.

1.2 Research Subject and Methodology

To provide the reader with some guidance on what to expect from
reading this study, the following explains which topics are addressed
in this study, which methodology is applied, and how the remainder is
structured.

1.2.1 Subject

Sovereign risk refers to the possibility that a sovereign government (or
its responsible entity) fails to fulfill a contractual obligation such as a

13 See Duffie and Singleton (1999).



10 1 Introduction

debt contract. Any kind of breach or change of the contractual clauses
are referred to as default. Such a broad definition of default does not
necessarily correspond to economic insolvency or judicial bankruptcy
known from corporations. Since a sovereign cannot go bankrupt in the
traditional sense, the occurrence of default mostly goes back to some
political decision. When the term default is used within this study,
however, it is intended to carry a neutral meaning in the sense of a
“credit event”. While it is true that default can lead to write-offs, a debt
restructuring may in fact benefit debtors and creditors alike. Chapter
3 elaborates on this.

Unique to this examination is that the default risk is borne by a
sovereign. This distinguishes this study from the large body of liter-
ature on corporate default risk. However, the concepts of modeling
sovereign versus corporate credit risk are related. Although there is no
bankruptcy court for sovereigns, the scope of sovereign immunity has
always been limited, given the financial interests at play. In the past,
such limitations were enforced by means of gunboat diplomacy or trade
restrictions. Today, such measures have been replaced by applied law
on the international financial markets.14 What remains unique is the
sovereign’s de facto leeway in renegotiating the debt. This process is
ruled by political realities, rather formal legal principles. In compari-
son to corporate defaults (which occur in larger numbers and provide a
comparatively homogeneous data set on historical default and recovery
rates), this attribute presents a challenge to any empirical assessment.

The study of international sovereign bonds sheds light on the main
aspect of sovereign default risk. Creditworthiness on the international
financial markets is regarded as a crucial condition for participation in
the global economy. The importance of international capital flows for
growth and development is an acknowledged fact in both theoretical
and empirical economics. The credit standing of a country’s government
thereby provides some limits on the creditworthiness of other economic
entities located in that country. Emerging market governments there-
fore have a strong incentive to demonstrate their qualities as debtors
and compete for international capital. This contrasts sovereign debt is-
sued in domestic capital markets (i.e. within those countries and under
domestic legislation), which are typically less mature and vary in the
degree of their rule of law. Compared to domestic markets, this study

14 Certainly, some caveats apply. While it is possible to reach a judicial ruling against
a sovereign in specific cases, the main challenge to the plaintiff consists in the
enforcement of such a ruling. Andritzky (2004b) contains a short review of the
legal issues at work and provides further references.
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of the international bond markets enjoys the virtue of homogeneity in
the research subject. Global bonds, i.e. bonds sold in an international
investor universe under the law of an acknowledged foreign financial
center, are issued under fairly comparable contractual terms and are
traded among a comparatively homogenous community of investors.
Since sovereign debtors often borrow large sums, their international
bonded debt is often split into several issues. While there are differ-
ences in terms of maturity, coupons, and amortization, these claims
share the same seniority, i.e. rank pari passu in case of a credit event.
Market prices of global bonds therefore contain rich information about
sovereign risk and facilitate the comparison between countries. This
focus allows for an analysis of the following questions:

1. What were the intentions and the result of recent crisis resolution
efforts which involved sovereign debt problems, given the idiosyn-
cratic nature of their circumstances?

2. What are the effects of sovereign restructurings from an investor’s
perspective, both in terms of returns on investment and implications
on modeling recovery?

3. How can sovereign default risk be modeled, and what information
can be extracted from the market prices of bonds?

4. What is the performance of such a model in comparison to tradi-
tional models when applied to empirical data?

5. To what extent does the recovery assumption matter for pricing
credit default swaps, especially during distress?

6. What information about the expected recovery can be revealed from
market quotes of credit default swaps?

Concentrating on these questions requires a strict demarcation of
several considerations that cannot be addressed in this study. The fo-
cus of this study suggests limiting the empirical analysis to debtors who
embody considerable risk of default. While this does not question the
general applicability of the model developed here, insightful empirical
results can only be obtained when bond prices are subject to a substan-
tial threat of default. A second limitation is dictated by the availability
of data. While some countries (independent of their size) have a large
number of bonds outstanding, others might use different channels of
financing and therefore do not find their way into this analysis. Fur-
thermore, the quality of the financial data is not always sufficient, as
trading volumes are thin or financial time series were not obtainable
for this study.

The cumulative effect of these aspects motivates the country selec-
tion for the empirical parts in Chaps. 5 and 6. The analysis is conducted
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for fixed coupon bonds denominated in US dollars. This is the dominant
currency of denomination, and most issuers (except for some Eastern
European states) denote the largest portion of sovereign bonds in dol-
lars. However, given a sufficient sample of euro, sterling, or yen denom-
inated issues, the proposed model can be applied in a similar fashion. A
mixed sample of bonds of different denomination requires disentangling
currency risk from bond spreads though—an exercise beyond the scope
of this study. Floating rate notes make up an insignificant portion of
the market, but could be modeled in a similar manner. Due to their
declining importance, this study also foregoes the analysis of Brady
bonds.15 Semi-sovereign issues, such as bonds from public companies
or bonds with sovereign guarantees, may also show significantly differ-
ent characteristics, and do not belong in this study. Only with these
very strict limitations was it possible to achieve a homogeneous sample
of sovereign bonds. It also serves to reduce potential distortions origi-
nated by trading illiquidity or market segmentation, topics which will
appear as side aspects only.

1.2.2 Methodology

For most of this study, the research approach is straightforward and
laid out in the introduction to each chapter. Solely for Chaps. 5 and 6,
which contain empirical estimations, the following thoughts highlight
the benefits and limitations of such an endeavor.

The theory of asset pricing provides the foundation to derive the
present value of future payments under the veil of default risk. Even
after considering fundamental rules of stochastic calculus and no ar-
bitrage, there remain several ways to value claims subject to default
risk.

While this will be discussed in depth in Chap. 4, the following fo-
cuses on the implications of interpreting the empirical results. Empirical
estimates are known to be a test of both the respective hypothesis, as
well as the model applied with all its underlying assumptions. Sound
theory can suggest a pricing model, arguing that this is the true way
to determine fair asset prices. This is called the normative view. If
consensus exists on such a unique model, it is justified to determine
the endogenous variables from asset prices. The outcome reflects the
positive view of things. As soon as there are differing views on what
the “true model” should look like, however, the result of an empirical
calibration might become the product of its assumptions.
15 On Brady bonds, see instead Bhanot (1998), Buckley (2004), Claessens and Pen-

nacchi (1996), Izvorski (1998), Pages (2001), and others.
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Reduced form models of credit risk, as applied in the empirical part
of the study, are particularly vulnerable to these concerns. The deci-
sive parameters of credit risk frameworks such as default probability,
recovery expectation, and risk aversion, present unobservable parame-
ters which can only be proxied by some measurable variable. As long as
market participants do not share a common view on either the model
parameters or on the model itself, market prices might give only a
blurred picture of what theoretically is considered as credit risk.

A proof of plausibility for empirically estimated measures of credit
risk is therefore advisable. The sound theoretical foundation of the
pricing and estimation model, together with a check of the underlying
assumptions, is a useful starting point. Furthermore, some guidance can
be derived from historical experience, even if past events cannot directly
be compared to expected future events. Chapters 2 and 3 provide this
background. Another approach is to determine the empirical fit of the
model with the data, an aspect highlighted in Chap. 5.

This caveat of empirical research is stressed in the face of miss-
ing benchmarks of credit risk parameters. The term structure curve
of credit risk spreads, for example, is an abstract measure contingent
upon a set of assumptions. Making justified manipulations to these as-
sumptions might yield a different, perhaps unfamiliar curve which can
nevertheless be similarly plausible. This has to be kept in mind for the
empirical estimations in this study. The plausibility of a different view
on modeling the loss given default is a renunciation of current con-
ventions. These considerations, however, are warranted by economic
intuition, historical experience, and market practice.

1.2.3 Structure

This monograph has seven chapters. After this introduction, Chap. 2
reviews the history of sovereign lending and default. The first part fo-
cuses on bond lending a century ago, showing how sovereign default
and bond restructurings were handled then. Historical evidence pro-
vides early examples of bondholder coordination and collateralization,
features which are discussed again today. The second part reviews the
development which led to the new age of bond lending in the 1990s,
and offers a short outline of recent financial crises in emerging markets.
Furthermore, Chap. 2 reviews the literature on sovereign lending, fi-
nancial crises, and the international financial institutions. The section
presents current theories, positions this study within the literature, and
offers further reference.
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Chapter 3 analyzes recent restructurings of sovereign debt—such as
the Argentine mega-restructuring in 2005—from the point of view of
an investor. The empirical evidence supports the distinction between
“soft” and “hard” restructurings, depending on how advantageous the
restructuring deal is for bondholders. The heterogeneity of such a work-
out deal is reflected in the wide range of resulting recovery values.

The following part links this finding to existing bond pricing frame-
works, considering two kinds of recovery assumptions. Chapters 4 and
5 are devoted to the analysis of global sovereign bonds issued by large
emerging countries. In a first step, Chap. 4 gives an introduction to
financial calculus and elaborates on ways of modeling sovereign default
risk. For modeling recovery, a framework mixing the recovery of market
value (RMV) and the recovery of face value (RFV) approach is sug-
gested. Applying different variations of term structure models, Chap.
5 evaluates these approaches in a case study of Brazilian global bonds.
The next section extends the analysis to half a dozen countries. The
results provide a set of estimates on implied parameters, such as the
risk-neutral default intensity and recovery rate.

Chapter 6 advances into derivative markets, showing the relevance
of recovery assumptions on the pricing of credit default swaps. An anal-
ysis of the Brazil crisis 2002/2003 yields a differentiated picture of ex-
pected recovery values, showing why protection becomes so expensive
when soft restructurings are the prevalent path to crisis resolution. A
joint model of bond prices and credit default swap spreads is used to
extract market implied recovery values, distinguishing RMV and RFV
parameters.

The last chapter, Chap. 7, presents a synthesis of the results.
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Sovereign Lending and Default

“Countries don’t go bankrupt.”

This is a famous saying in the financial community. Despite waves
of sovereign defaults and restructurings, the statement is still true at
its core. The reason for this is to be found in the concept of sovereignty,
the prevalent principle of today’s world order. Within sovereignty, two
complementary dimensions are inherent, the internal and the external
dimension.

The internal dimension of sovereignty is constituted by the supreme
authority of a country’s political body. The ruling institution—constitu-
tional governments and parliaments, dictators and juntas, monarchs
and the like—assumes the power of legislative actions, fiscal budget-
ing, and overall economic policymaking. This authority embraces the
decision to reach out to international capital markets and likewise se-
cures sufficient revenues for debt service. Thomas Hobbes drafted this
notion of unlimited internal power, or his “Leviathan”.1 In theory, the
Leviathan can exercise the power to raise sufficient means for external
debt service: he might introduce capital controls, increase taxes, na-
tionalize the corporate sector, or pledge the country’s assets to foreign
creditors. In very few areas the sovereign’s discretion is limited by con-
ventions of international law (for instance human rights, encompassing
only basic economic privileges such as property rights), but weak en-
forcement renders the scope of protection even smaller. This is why
countries can rarely go “bankrupt”.

The external dimension of sovereignty provides protection against
foreign influence. This idea of non-intervention in national affairs was
commenced by the Peace of Augsburg in 1555 (“cuius regio, eius reli-

1 See Hobbes (1968).
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gio”) and later the Peace of Westphalia in 1648. Today, Article Two of
the United Nations Charter enshrines the “political independence and
territorial integrity” and leaves few exceptions justifying interventions.2

This leaves few levers for bondholders of sovereign debt against repu-
diation. However, the lack of internationally agreed rules on sovereign
lending, default, and restructuring can be seen as logical complement to
the lack of effective protection of human economic rights. This aspect
notwithstanding, external sovereignty today is confined by the denial
of absolute sovereign immunity. Diplomatic immunity, as manifested in
the Vienna Convention of 1961, excludes sovereign acts from any for-
eign legislation (“ius imperii”). International debt, even when issued by
a sovereign entity, is subsumed as business activity (“ius gestionis”),
enjoying limited immunity. National law, such as the U.S. “Foreign
Sovereign Immunities Act” of 1976 or the British “State Immunity
Act” of 1978, has fleshed out this notion.3 However, little legal cer-
tainty has made litigation against sovereign debtors a costly endeavor
with few chances for success.4

Although the decision to default and restructure sovereign debt is,
seemingly, at the issuer’s discretion, political pressure from the outside
plays a significant role. Whether it is the U.S. Treasury pushing for a
bail-out of Mexico in 1994, the IMF agreeing on Turkey’s aid package,
or Venezuela’s Hugo Chávez coming to the aid of his fellow South Amer-
ican leaders by buying their bonds, international politics are always at
the forefront of crises. Sovereign bond investors and their interests play
a subordinate role in this play, at least when lacking a sound com-
mand of lobbying power. The threat of litigation has hardly impressed
any debtor government. Domestic sovereign and sub-sovereign bonds, in
contrast, are very distinctive in this regard.5 They underly primarily the
domestic legislature (whose idiosyncratic nature hampers cross-country
comparisons), although domestic markets are increasingly interlinked
with international markets. While holders of international sovereign

2 However, such doubtable interventions have frequently occurred since the end of
the Cold War, although never in response to sovereign debt repudiation. Indeed,
quite the reverse causality prevailed when Pakistan faced economic sanctions in
response to atomic tests, forcing the country into a restructuring of sovereign
bonds in 1999.

3 Waivers of immunity to foreign creditors, common in sovereign bond contracts,
enforce only this aspect and, as of today’s legal doctrine and judical practice, do
not undermine diplomatic immunity.

4 See Andritzky (2004b). However, returns on litigation, when successful, can be
substantial. See Singh (2003b).

5 On the restructuring of subnational debt see Schwarcz (2004).
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bonds are off the reach of internal sovereign power, holders of domes-
tic bonds are not. Their claims can theoretically be repudiated by the
legislature in the wink of an eye.

This chapter is dedicated to exploring the past and current states
of sovereign debt by looking at its history and reviewing the theo-
retical and empirical literature. Knowledge of past lending arrange-
ments and recent crises helps to understand the manifoldness of this
topic, especially since the patterns of lending and crises evolved over
time. The theoretical scientific literature provides common frameworks
which strive to reproduce the main characteristics of sovereign lend-
ing. Some underpinnings are provided by the empirical literature, al-
though methodological problems and the idiosyncratic nature of events
pose serious caveats. While the review in Sects. 2.3 and 2.4 focuses on
the economic literature, more specific references to the asset pricing
and credit risk literature follow in Chap. 4. The literature specific to
sovereign restructurings and credit default swaps is discussed in the
respective chapters (see Chaps. 3 and 6).

2.1 The pre-1990 Episode of Sovereign Lending

Although today’s modern global sovereign lending is somewhat unique,
it would be negligent to assume that there is nothing to learn from the
past. Foreign lending (in the form of both bonds and loans), sovereign
default, and sovereign restructurings occurred before, even in the 19th
century (see Fig. 2.1). Wave-like patterns of international lending and
default were present then and now. The following presents a short wrap-
up of the events of that time.

2.1.1 Infancy and the “Golden Age”

The first well documented wave of lending in modern times occurred
in the post-Napoleonic era of the 1820s with flows especially directed
to newly independent countries in Latin America. A wave of defaults
followed soon. Another high point was reached in the 1850s with subse-
quent defaults concentrated in Latin America and the Mediterranean.
The period between 1870 and World War I marked the truly “golden
age” of sovereign lending, with significant international capital flows
into emerging markets and a degree of financial integration only re-
gained again a century later.6

6 See Lindert and Morton (1989), Sachs and Warner (1995), Aggarwal (1996),
Bordo et al. (1998), and O’Rourke and Williamson (1998).
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Fig. 2.1. Historic sovereign default rates 1820–2000
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In this early era of foreign lending, foreign currency bonds were
the main lending vehicle while bank lending was limited to short-term
trade finance and interbank credit lines. Trading took mostly place in
the London bond market with traded government loans denominated in
pounds sterling.7 Liquidity was astonishingly high with the total trade
value accounting for about half of Britain’s GDP, a mark unmatched
until today.8 Certainly, the “emerging markets” of that era were dif-
ferent ones from today’s. While some of today’s emerging countries
did not even exist on the world map, first world nations like Japan
once belonged to that class (e.g., in terms of relative per capita income
or capital inflows). When comparing this episode with the post-1990
era of emerging market bond lending, Mauro et al. (2002) find that
the former period suffered from both fewer country crises, as well as
few global jitters. Spreads were considerably less volatile and, notwith-
standing economic fundamentals, generally lower than today.

The situation then differed much from today in two more respects.9

First, sovereign immunity constituted a much stronger stance as there
was no distinction between “ius gestionis” and “ius imperii” at that
time. Second, debt instruments mostly came with identifiable collat-
erals (such as railroads) or were backed by the earmarking of tax rev-

7 See Fishlow (1985), p. 394.
8 The Emerging Market Traders Association estimates the trading volume of emerg-

ing market debt to about $4 trillion in 2003, which—compared to the economies
of the two major financial centers—corresponds to twice the GDP of the UK but
only one-third of GDP for the U.S.

9 See Mauro and Yafeh (2003).
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enues. Today, collateralization is rare and occurs mostly in foreign loans
to (public) corporations and, by a very limited volume, in project fi-
nancing bonds.10

The workout of defaults at that time was facilitated by the Cor-
poration of Foreign Bondholders (CFB), established to overcome coor-
dination problems among British investors in 1868. This organization
apparently achieved a very good track record, quickly reaching agree-
ments on a number of default cases, most of them occurring in a wave
during the 1880s and 1890s. The resolution periods of default events fell
from an average of fourteen years (1821–1870) to six years (1871–1925).
For those countries where a mutual agreement was not reached—mostly
smaller ones, especially in Latin America and southern U.S. states—
the common perspective was perpetual default.11 However, Mauro and
Yafeh (2003) argue that the CFB might not have been the central cat-
alyst for workouts, since American bondholders (although lacking a
similar institution) were far more successful in negotiating with those
countries. Instead, the authors suspect that political affairs (e.g., the
Monroe Doctrine) or trade links played a pivotal role in inducing an
agreement on sovereign restructurings.12

A workout agreement was reached within the CFB through debt-
equity swaps or the seizing of customs or tax revenues.13 Given the
existence of a collateral, debt-equity swaps resulted in the takeover of
the underlying assets (such as land or railroads) or export goods. (Peru,
for instance, offered guano.) Debt write downs, however, remained an
exception for mutually agreed deals.14

2.1.2 Bank Loans and Restructuring

With World War I and the Great Depression, many formerly well-
situated debtors suffered from repayment problems. This triggered a
10 See Dailami and Hauswald (2003).
11 On sovereign debt crises in U.S. states during the 1840s, see Sylla and Wallis

(1998) and English (1996), as well as Weidenmier (2005) for Confederacy debt.
12 However, Wright (2002) highlights another function of the bondholder commit-

tees, namely reducing information asymmetries.
13 See Eichengreen and Portes (1989b), and Mauro and Yafeh (2003).
14 There is some evidence of debt write downs, mostly under extraordinary circum-

stances. Lindert and Morton (1989) mention Mexico under Porfirio Diaz in 1885,
and the Romero Plan in Argentina in 1893. The Mexican refunding loans of 1898
and 1914 could also be interpreted as rescheduling agreements. Some of the large
political turmoils in the early 20th century, such as the Mexican and Russian
revolution and the break-up of the Ottoman Empire, resulted in total losses to
creditors.
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broad wave of defaults, affecting, besides Latin America, most of East-
ern Europe, Turkey, and China.15 The sweeping events of that time did
not leave much space for debt renegotiations; investors simply accepted
the massive losses. World War II and the following Bretton Woods
era basically closed this chapter, and commercial cross-boarder finance
dried up for a while. Only a few countries worldwide (some Western Eu-
ropean and Asian countries as well as many Commonwealth nations)
did not encounter a sovereign default event within this early age of
sovereign lending.

The Bretton Woods conference established multilateral lenders (the
IMF, the International Bank for Reconstruction and Development, as
well as regional development banks) as new players on the scene. Dur-
ing the period from 1944 to 1971, hard currency flows to less developed
countries (LDC) were mostly originated by both multilateral institu-
tions and bilateral lenders. In 1956, bilateral lenders banded together
in the Paris Club. Ever since, the Paris Club played a central role
for developing and codifying policies regarding debt restructuring and
debt forgiveness. Its principles, procedures, and terms broke ground for
orderly workouts. Over time, standard treatments for debt renegotia-
tions in qualifying countries ran the gamut from rescheduling to gen-
erous debt cancellation under the Initiative for Highly Indebted Poor
Countries (HIPC).16

Commercial lending, however, revived in the 1970s due to “petrodol-
lar recycling”.17 The wave of lending soon entailed a backlash of de-
faults.18 Over time, the Bank Advisory Committee (or “London Club”)
was formed, born out of the necessity to somehow coordinate the fol-
lowing restructurings of commercial loans. The conditions of such re-
structurings were much more flexible, and deals tended to become more
and more complex.

The debtor side equally engaged in positioning their interests. The
North-South Dialog in the 1970s, initiated by the newly formed Group
of Seventy-Seven (G-77) of less-developed countries, led to a some-
what more benign approach to sovereign debt restructuring. After the

15 See Eichengreen and Portes (1986, 1989a).
16 For a more complete review, see e.g. Rieffel (2003).
17 As a result of the oil price increases, oil exporters deposited their revenues at

major international banks. With excess liquidity in markets like the U.S. and
increasing demand for loans from oil-importing developing countries, a lending
boom to these countries unfolded. Citibank was the leading institution, but others
quickly jumped on the bandwagon.

18 Lindert and Morton (1989) offer striking evidence that the same countries got
caught in debt problems as during the previous heydays of commercial lending.
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systemic crises which enfolded in Latin America in the 1980s, the res-
olution process first got stuck in a lingering process of rescheduling,
but finally moved to gradually more generous debt forgiveness. In the
end, traded instruments and the Brady plan opened a new vehicle for
commercial lending (and handling workouts) in the late 1980s.

2.1.3 The Brady Plan

Table 2.1. Brady restructurings

Country Date of Amount 1/ Recovery 2/
exchange (US$ bln) (percent)

Mexico 3/ May 1988 0.6 n/a
Mexico March 1990 48.2 65
Costa Rica May 1990 1.6 16
Venezuela December 1990 20.6 70
Uruguay December 1990 1.6 56
Nigeria January 1992 5.3 40
Philippines December 1992 5.7 50
Argentina April 1993 28.6 65
Jordan December 1993 0.9 65
Brazil April 1994 48.0 65
Bulgaria July 1994 8.3 38
Dominican Republic August 1994 1.2 65
Poland October 1994 14.4 48
Ecuador February 1995 7.8 55
Panama May 1996 3.9 55
Peru November 1996 8.0 55
Côte d’Ivoire May 1997 6.5 24
Vietnam December 1997 0.8 60

Total 212.0 60

Sources: JP Morgan Chase, World Bank (2002), Rieffel (2003).
n/a: not applicable. 1/ Face value plus past-due interest. 2/ Approximate calcula-
tion by Rieffel (2003) based on figures provided in World Bank (2002). 3/ Aztec
exchange creating the Aztec 2008 bond.

By the end of the 1980s, selected commercial banks started trading
with emerging market loans. In 1988, the first loans-for-bond exchange
was conducted by Mexico, creating the “Aztec” bonds with the princi-
pal value fully collateralized by U.S. Treasury bonds. Similar restruc-
turings were announced by Brazil in September 1988.

These initial deals were soon succeeded by the launch of the Brady
plan, named after the U.S. Treasury Secretary Nicholas F. Brady who
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negotiated the first formal Brady deal with Mexico early in 1990. This
transaction was followed by a sweeping number of similar agreements all
around the world (see Tab. 2.1). The central feature of the Brady plan
consisted of the broadening of the investors’ universe by securitizing
the loans and issuing bonds on the international capital market. Other
features included the reduction of the creditor’s burden of debt service
by increasing the maturity, and reducing principal and interest rate.
Additionally, the formed securities included a collateralized principal
and limited interest guarantees.19

The creation of Brady bonds quickened the investors’ appetite for
emerging market sovereign bonds. Issuance of foreign currency bonds
traded on international capital markets picked up in the mid-1990s,
enabling sovereigns with a lukewarm credit standing to tap into inter-
national bond markets. Governments quickly learned how to exploit
this vast source for much needed foreign currency.

2.2 The post-1990 Episode of Sovereign Lending

Fig. 2.2. Issuance activity of international bonds by emerging market debtors
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Progressive capital account liberalization and overall global finan-
cial integration supported the formation of a market for high-yielding
sovereign bonds (see Fig. 2.2). For external financing, sovereign bonds
broadly superseded commercial loans. Similarly, a trend from floating

19 See Buckley (2004) for an analysis of these features.
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towards fixed rate instruments commenced.20 While issuing activity re-
mains volatile (depending on global circumstances and rollover needs),
the maturation of the market has allowed more and more non-sovereign
lenders, such as banks and corporations, to exploit this source of ex-
ternal financing.

A snapshot of the JP Morgan’s EMBI Global constituents illustrates
the dominance of Latin American issuers by today’s market capitaliza-
tion (see Fig. 2.3). While this ties in with history, more countries than
ever are present on the market today. However, some sovereigns still
lack market access, or rely on other sources of financing. The nominal
total of all external sovereign bonds from emerging country issuers is
estimated to have crossed the $400 billion mark.21 This growth is out-
20 See Borensztein et al. (2004), p. 10.
21 See Merrill Lynch, “Size and Structure of the World Bond Market: 2002”.

Fig. 2.3. Constituents of the EMBI Global
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paced by the rise of domestic debt, reaching a total volume of about
three times the external debt, and the surge of corporate bond issues.
While this diminishes the importance of international sovereign bonds
as a means of emerging market financing, it also reduces the “original
sin” problem, a highly welcome development.

Clearly, the access to international debt markets in the 1990s bene-
fited many emerging countries and can be seen as a clear precursor of
the development of domestic debt markets. Unfortunately, debt prob-
lems did not stay away from the scene for long. Figure 2.4 gives an
overview of the current financial architecture and its forums for resolv-
ing debt problems. IMF loans are only granted to member governments
and enjoy the highest seniority, also reflecting the institution’s func-
tion as lender of last resort. Loans of other multilateral banks (often
granted in connection to IMF lending) are treated similarly. The mod-
erate lending rates charged on multilateral loans reflect their seniority
as emerging countries do not receive debt relief on these obligations.22

The respective national bankruptcy code is applied to all private sector
debt unless some kind of government guarantee is assumed, for instance
for public sector debtors. While the treatment of bilateral and commer-
cial debt mostly follows standardized procedures in the Paris and (with
a lesser degree of formalization) the London Club, no such practice ex-
ists for bonded debt yet. The restructuring of external sovereign bonds
thereby represent a sub-segment which attracted substantial interest
from the political architects in recent times.23

Due to its connection to international financial markets and their
volatile flows of capital, sovereign debt often stood at the center of
post-1990 financial crises. While crises in the pre-1990 period mostly
stemmed from current account imbalances, the new generation became
known as capital account crises. However, a number of similarities ap-
ply. Both imbalances can lead to full-blown economic crises and affect
not only the public, but also the banking and corporate sector. Ta-
ble 2.2 gives an overview of the most prominent crises, some of which
are described in the following subsections.24 Besides learning about the

22 On the debt repayment performance on IMF loans, see Aylward and Thorne
(1998).

23 See, for anecdotal evidence, the communiqué of the G-20 working group of major
sovereign issuers and global leaders of private finance on the “Principles for Stable
Capital Flows and Fair Debt Restructuring in Emerging Markets” from March
2005.

24 For further reading and more references see Roubini and Setser (2004a), Dooley
and Frankel (2003), Feldstein (2002), Edwards and Frankel (2002), and others.
The descriptions below also draw on IMF country reports or IMF Public In-
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Fig. 2.4. Restructuring forums for international debt
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circumstances of each crisis, the review yields insights into the role of
sovereign bonds and the effect of IMF intervention. Special attention is
brought to the distinction of liquidity and solvency crises with regard
to external public debt. In case of insolvency, the debt load is regarded
as too large to be sustained in the long run, while illiquidity refers to
situations where (even at moderate debt levels) a rollover of maturing
debt is rendered impossible.25

formation Notes as well as other sources where indicated. Details of sovereign
restructuring deals are discussed in depth in Chap. 3.

25 See Sect. 3.2.1 for an advanced discussion.
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2.2.1 Mexico 1994–1995

The Mexican crisis 1994–1995 became the first emerging market cri-
sis descending from both current and capital account deficits. For this
reason, IMF Managing Director Michel Camdessus earmarked the cri-
sis as the “first of the twenty-first century”. Besides “Peso Crisis” and
“Tequila Crisis” (with respect to its consequences in the region), it is
most accurately called the “Tesobono Crisis”, referring to the crisis’
roots in the unsustainable burden of short-term domestic notes linked
to the US dollar. This burst of short-term debt emanated from the
turbulent political circumstances in the election year. In response, the
incumbent government expanded its fiscal expenditures and missed a
realignment of the currency. Introduced under the outgoing administra-
tion of Carlos Salinas, the peso peg had contributed to low inflation and
rapid economic growth. It was widely acknowledged, however, that the
Mexican peso was overvalued and nurtured an economic bubble. The
peg attracted large portfolio flows which usually prove very volatile and
quickly evaporate upon first signs of a crisis. By the end of 1993, about
29% of all Mexican stocks and 79% of all bonds were held by foreign
investors. In addition to this constellation, the country was facing a
rollover of $30 billion of tesobonos in 1995.

With the new government not yet in office, a run on the peso started
in November 1994. The hefty short-term consequences of the crisis
were associated with the sudden and unexpected meltdown in Decem-
ber 1994 when the peso was floated; therefore called the “December
Mistake”. This resulted in an immediate devaluation of about 50%,
widespread uncertainty and distrust within the financial and corporate
sector. In 1995, GDP contracted by 6%.

The large concerted assistance (totalling about $50 billion and pre-
senting a large overrun of traditional support granted by the IMF) was
accompanied by an unexpected quick policy response by the new Mex-
ican government under Ernesto Zedillo. The aid package was widely
criticized as pure bail-out, and the U.S. was blamed for promoting too
much multilateral help to fixing problems in their backyard. The res-
cue effort (tailored to overcome a liquidity, not a solvency crisis) was,
nevertheless, a stunning success. An intervention among the recently
privatized banks prevented a collapse of the banking system which had
accumulated non-performing debt in response to expansionary credit
concessions, low interest rates, and insufficient bank supervision dur-
ing the boom years. Avoiding a default or restructuring of its sovereign
bonds, Mexico regained access to the international capital markets in
1996. This was mainly due to the fact that solvency was not an is-
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sue. By 1997, the economy was booming. Today, the country is rated
investment-grade.

2.2.2 The Asian Crisis 1996–1997

The quick and painless resolution of the Mexican crisis fueled investor
optimism and increased worldwide capital flows into emerging markets.
The sequence of crises in Thailand, Indonesia, South Korea, and (to a
lesser extent) Malaysia came as a major blow from behind for investors.
However, the crises did not have their seeds in excessive public borrow-
ing, questioning the sovereigns’ solvency. None of the countries affected
encountered default or engaged in a sovereign bond restructuring.

Thailand was the first country to come under pressure in May 1997
when foreign exchange speculation put pressure on its baht-dollar peg.
After floating the currency in July, the government negotiated a mod-
erate aid package of $17 billion which was mainly used to restructure
the banking sector. Both banks and private corporations had large for-
eign debts from excessive investment flows into the “Asian tigers”. A
wave of corporate bankruptcies caused widespread economic suffering
among the Thai population. However, a well implemented stabilization
program helped the economy to recover rapidly.

In October 1997, Indonesia also sought IMF assistance to support
its sliding exchange rate. Despite a total commitment of $36 billion
(of which about $14 billion was disbursed) the rupiah lost more than
three-quarters of its value within one year. The government’s endeavors
to assist struggling banks and corporations resulted in a quick accu-
mulation of Indonesia’s public debt and forced it to seek restructuring
agreements with the Paris and London Clubs. Investors and, to an
inestimable degree, the population bore the crisis’ burden since stabi-
lization efforts were far less effective than in Thailand.

South Korea was also caught in a maelstrom: aware of the fragile
banking system and a crusted corporate sector, a sellout of won assets
started. An international aid package of $58 billion—larger than the
Mexican bailout in both absolute and relative terms—quickly succeeded
in stabilizing the most important economy in South-East Asia. Soon
after the crisis the government was able to re-access the international
capital markets with two bonds issued at moderate spreads of around
350 basis points.26

While interesting with regard to crisis mechanics, the Asian crisis
proves only moderately relevant to this study as none of the affected

26 See IMF Staff Country Report No. 00/11 (2000), p. 34.
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countries were significant players in the sovereign bond markets. Still,
it is useful to keep these events in mind as they unmasked a supposed
economic miracle and reminded investors of the dangers of hidden im-
balances and contagion.

2.2.3 Russia 1997–1998

In Russia, as well as many other transition countries, economic reform
caused considerable declines in real GDP (such as 12% in 1991) and
huge fiscal deficits (26% of GDP in 1991). After an eight-year recession,
the Russian economy rebounded in 1997, supported by IMF programs
installed in 1995 and 1996. While the programs introduced strict rules
for the monetary policy, the fiscal deficit kept growing. The gap was
refinanced in the newly established domestic market for short-term
ruble bonds (the “GKO” and “OFZ”), mainly bought by domestic fi-
nancial institutions and, in turn, refinanced abroad. This created an
unsustainable mismatch over time. Notwithstanding this development,
Russia succeeded in placing several eurobond and “MinFin” issues (do-
mestic dollar denominated bonds), and reached agreements with the
Paris and London Clubs. In the deal with the latter, the state-owned
Vnesheconombank converted $31.8 billion of Soviet-era debt into prin-
cipal notes (“Prins”) and interest arrear notes (“IANs”).

A slump in commodity prices along with investors’ doubts about
emerging market investments (as consequence of the Asian crisis 1997)
caused a powerful external shock. Given a situation of internal political
deadlock and a non-performing IMF program, the insolvent government
was unable to stand the pressure in August 1998. The persistent fiscal
deficit and the drain of reserves (from defending the ruble) forced the
government to devalue the currency, as well as declare a moratorium on
all public ruble debt and part of the foreign liabilities. Further political
turmoil triggered a bank run, correctly forestalling a banking crisis as
the banks carried the main burden of the GKO and OFZ default.

In December 1998, Russia defaulted on Prins and subsequently on
IANs. Eurobonds and MinFins (except for the “MinFin III” issue) were
not affected. The fact that the London Club did not call in its loans
(which could cause Russia considerable legal trouble with creditors)
helped to calm down the crisis. In 1999, another rescheduling with the
Paris Club was settled, and the IMF resumed support. In February
2000, renegotiations with the London Club reached an agreement on
the exchange of $22.2 billion of Prins, $6.8 billion of IANs and some $2.8
billion of past due interest. This restructuring offered substantial cash
flow and debt relief, contributing to the country’s solvency. Since then,



2.2 The post-1990 Episode of Sovereign Lending 31

Russia has recovered astonishingly quickly. High commodity prices and
sound fiscal and monetary policies helped to restore strong GDP growth
since 2000. While the total external debt ratio declined steadily, the
government became able to re-access foreign lending sources. Russia
enjoys an investment-grade rating by Moody’s since 2003 and by Stan-
dard & Poor’s since 2005.

2.2.4 Brazil 1998–1999, 2002–2003

During most of the 1990s, Brazil followed a healthy economic path
with sustainable fiscal policies but suffered from high inflation. The
Real Plan of 1994, aiming at disinflation (among other objectives), is
believed to have created the imbalances which lead to the crisis in 1998–
1999. Deflationary fiscal and monetary policies turned out to increase
the fiscal deficit, for instance through asymmetric indexation of rev-
enues and expenditures. The crawling peg adjusted too slow to avoid
an appreciation in real terms, causing the current account to turn into
a deficit.

With adverse external developments like the Asian crisis, market
pressure on the real increased. Invigorated by reelection, the Cardoso
administration tried to maintain the peg as anchor for inflation expec-
tations. Markets, however, believed in a significant overvaluation. The
unsustainable situation was supported by an IMF program to restock
reserves. However, market forces soon prevailed. Brazil floated the real
in January 1999 after a reform of the peg resulted in record capital
outflows of $14 billion within a few days. Although public debt, and es-
pecially external debt, quickly expanded in the run-up to the crisis, the
burden was not believed to exceed the sustainable limit. However, with
bond spreads reaching 1,500 basis points at the crisis’ peak, it became
impossible to access the international markets for liquidity. Instead, a
rollover of short-term credits was negotiated with major international
banks.

In the end, the output fall remained small and the banking sector
got off lightly. Roubini and Setser (2004a) argue that the large amount
of reserves spent on supporting an unsustainable exchange rate peg
helped banks and firms to create hedges against a widely anticipated
devaluation. Recovery was quick as growth resumed the following year,
and IMF emergency loans were repaid ahead of schedule.

Still, the crisis left marks on the public budget. By offering dollar-
linked debt during the currency crisis, the government created a cur-
rency mismatch on its own balance sheet. Its public debt ratio reached
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70% in 2001. IMF assistance was readopted in the light of the Argen-
tine crisis which, in the end, had less effect on Brazil than anticipated.
Combined with concerns about the populist presidential candidate,
Luiz Inácio Lula da Silva, and his platform plank not to repay for-
eign public debt, investor confidence slumped. Sovereign bond spreads
widened to 2,000 basis points in autumn 2002. While solvency was
clearly disputed, it is nevertheless hard to fit this bond market panic
into the traditional scheme of solvency and liquidity crises. Lula’s cam-
paign against foreign creditors resembles more the antique fear about
a sovereign’s discretion to repudiate foreign creditors. Another major
rescue package by the IMF, and an unexpectedly prudent economic
policy by the new administration (lagging its previous rhetoric), suc-
ceeded in resolving most doubts. The international bond market was
touched again for new issues in mid-2003. Even though high debt levels
in the BB rated country persisted, external bond spreads declined to
around 400 basis points in 2005.

2.2.5 Pakistan 1998–1999

Pakistan represents an example of a solvency crisis, but on a very small
and less complex scale. The government’s high indebtedness of up to
90% of GDP was mainly caused by a lax fiscal policy that wrote large
deficits. Over time, the external position became less and less sustain-
able due to large current account deficits and declining worker remit-
tances. This imbalance prompted fears of capital flight. The situation
took a turn for the worse after the international community imposed
economic sanctions in response to a series of nuclear tests in May 1998.
To avoid further capital flight, the government imposed a deposit freeze.
As a side effect, foreign exchange sources shut off and reserves started
declining. This caused the government to slowly accumulate arrears,
pushing the country closer to a complete default.

In January 1999, the situation stabilized when the IMF stepped in.
In the same month, a debt relief agreement with the Paris Club stressed
the requirement of a sovereign bond restructuring to ensure the com-
parability of treatment. After some initial hesitation (fueled by fears of
reputational loss), a new (military) government put forward a volun-
tary exchange offer in November 1999. At that point, bond trading was
already very illiquid, rendering a roll-over of the soon maturing bonds
impossible. Under the terms of the offer, three eurobonds (maturing
between December 1999 and February 2002) were eligible for the ex-
change. Even though no face value reduction arose from the exchange,
Pakistan enjoyed a significant cash flow relief in the near-term since
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the duration was increased by more than three years. Due to the credi-
bility of the default threat, the limited number of bondholders and the
benign terms of the offer, the first comprehensive bond restructuring
completed became a success. Resumed IMF and Paris Club support
helped Pakistan to overcome the crisis by 2001. In 2004, Pakistan re-
accessed the markets, issuing a 6 3/4% five-year bond, yielding about
6%.

2.2.6 Ecuador 1998–1999

The Ecuadoran case presents the first default on international sovereign
bonds. Furthermore, it became the first default on already restruc-
tured Brady bonds, intended to be so-called “exit instruments” im-
mune against future restructurings. This crisis presents a clear case of
insolvency with the rigorous implementation of equal burden sharing.

Since Ecuador’s late opening to international capital markets, it per-
sistently ran into arrears with commercial and bilateral lenders. A large
budget deficit (partly due to a military skirmish with Peru), corruption,
and political instability did not help to establish a good reputation. De-
fying these odds, the government succeeded in placing two eurobond
issues. By end of 1998, the situation worsened from a combination
of factors. Damages from El Niño-induced storms, a commodity price
drop, and capital market turmoil spilling over from Russia first caused
severe liquidity problems among banks, and then exerted strong pres-
sure on the pegged currency. After reserves could not withstand the
capital flight, the sucre was floated. This in turn made many banks
insolvent due to their large dollar liabilities. A deposit freeze was in-
troduced, and a government agency—as part of a quickly introduced
deposit guarantee—took over the most severely troubled banks.

In August 1999, the government held back payments on its Brady
bonds, calling for the activation of the interest collateral. Creditors
were appalled at the idea of a repeated default on a restructured in-
strument. In October 1999, the country also missed coupon payments
on its eurobonds. In 2000, a new government dollarized the economy
and agreed to IMF assistance. A restructuring offer was made in July
2000. It intended the conversion of all Brady and eurobonds into a new
30-year eurobond with step-up coupon which can be converted under
a 35% face value reduction into a 12-year eurobond. Already restruc-
tured bonds were offered “Contingent Recovery Rights” as insurance
against a repeated default before 2010. The increase of duration and
the step-up feature contributed, together with a face value reduction,
to the sustainability of the debt service burden. As a result, risk spreads
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decreased from well above 2,000 basis points to around 1,300. However,
Ecuador did not access the international bond markets for several years
and encountered serious refinancing problems in 2005 again.

2.2.7 Ukraine 1998–2000

After shedding its Soviet-era debt, Ukraine first touched the sovereign
bond market in 1995 and piled up $1.6 billion in eurobond debt within
three years. This changed the Ukrainian debt composition from loans
(mainly owed to bilateral lenders) to domestic and external bonds
bought by institutional investors in Europe and Asia. The debt bur-
den turned fatal when external capital flows ran dry in the wake of the
Russian crisis. Furthermore, the Russian devaluation caused a slump in
Ukrainian exports, effectively increasing the pressure on the hryvnia.
While multilateral assistance helped to avoid a further meltdown, the
government decided for a considerable (but not drastic) devaluation.
In the following, the government sought restructuring agreements of
its bank debt (August 1998) and quasi-bond instruments (September
1998), and engaged in piecemeal reschedulings of single instruments
judged as technical (but not de jure) default.27 The augmentation of
an existing bond became a market concern since this not only pushed
down the price, but was also believed to expose existing investors to
speculative interests because the additional bonds were mainly bought
by vulture investors.

An unsatisfactory review of Ukraine’s IMF program made future dis-
bursements conditional on a comprehensive bond restructuring. Facing
the maturity of all of its external bonds in 2000 and 2001, the gov-
ernment initiated an exchange of four eurobonds (and one bond owed
to the Russian Gazprom corporation). The circumstances are therefore
earmarked as a liquidity problem. To avoid holdouts, the government
missed out due payments in January and February 2000 but launched
its exchange offer during the grace period. The offer included the choice
of two amortizing eurobonds denominated in euro and dollar. While
maturities were extended to 2007, the offer did not ask for a reduction
in face value and reimbursed accrued interest in cash. The exchange
was facilitated by the limited number of institutional investors and the
fact that three eurobonds were issued under Luxembourg law includ-
ing collective action clauses. This contributed to a participation rate of
99%. Cash flow relief was mainly gained from increasing the average life

27 For details see Sturzenegger (2002), pp. 35ff.
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of the bonds. Despite considerably improving fundamentals in the fol-
lowing years, distress-like market spreads persisted the following year.
In 2003, Ukraine resumed issuing sovereign bonds on the international
debt markets.

2.2.8 Turkey 2000–2001

Ever since the beginning of the cold war, Turkey constituted an impor-
tant strategic partner in international politics. This may have helped
the country to obtain major rescue assistance during its long history
of financial crises. After major crises in 1959, 1965, and 1979, Turkey
started an economic stabilization program under a military rule in the
1980s. In 1989, Turkey liberalized its capital account to avoid crowding
out domestic investors by the large demand for public credit. While di-
rect investments proved healthy for the economy, the large and volatile
portfolio flows made the country vulnerable to any slumps in global
investors’ confidence in emerging markets. Heavy inflows from abroad
fueled economic growth but increasingly inflated the economy. Part of
the boom was originated by large public investments which were refi-
nanced abroad and came hand in hand with widespread corruption. As
a result, Turkey became prone to characteristic boom-bust cycles.

After the emerging market jitters from 1997 and 1998, and an earth-
quake in 1999, overall economic conditions worsened, exposing the
fragilities of the banking system as eight banks became insolvent. In
December 1999, the government—backed by an IMF stand-by loan—
installed a crawling peg for the Turkish lira to bring down inflation. De-
spite structural reforms and fiscal adjustments, the peg (preannounced
to remain in place for only 18 months) failed to curtail inflation expecta-
tions. In response to the real appreciation, the trade deficit doubled. At
the same time, the government refinanced the expanding fiscal deficit
with short-term bills placed among domestic banks. Attracted by the
high nominal rates, international reserves grew in absolute terms but
covered only 50% of short-term external debt by the end of 2000.

The sudden collapse of investor confidence and starting capital flight
in November 2001 occurred upon a number of events, notably the emer-
gence of a banking scandal, political turmoil, and contagion from Ar-
gentina. Without the confidence of foreign investors, domestic banks
were unable to roll over their debt, and bid on local markets for fi-
nancing. A massive exit from the lira drained foreign reserves and con-
tributed to a liquidity crunch in the domestic banks. While the situation
calmed upon the agreement of a first $10.5 billion IMF aid package in
December 2001, a political conflict over the peg fostered speculations.



36 2 Sovereign Lending and Default

In February 2001, finally, the peg was abandoned and the lira lost about
one third of its value against the US dollar. Despite a revision of the
IMF program and additional stand-by assistance in May 2001, large
fiscal imbalances, political fragility, and high inflation made any policy
efforts ineffective, causing an even weaker real sector performance than
expected.

The events of 9/11 worsened the overall situation for emerging mar-
kets, but reinvigorated Turkey’s strategic role in the Middle East. By
the end of 2001, a new stand-by agreement provided additional funds.
In the meanwhile, the country went through a typical deflationary pe-
riod. Corporate insolvencies reduced the foreign exchange demand by
defaulting on external debt. Despite a high public debt load (running
close to 100% of GDP), continued IMF bailout packages, and sound
fiscal management enabled the government to avoid a debt restructur-
ing. The long-term sustainability of the debt is disputable. However,
the government was able to overcome recent political irritations, like a
break up of the coalition government in mid 2002 or the parliament’s
denial of the deployment of U.S. troops in Turkey for the Iraq war in
2003 (foregoing a large multi-year support package). With the EU ac-
cession talks underway, a convergence play helped pulling spreads down
to little above 200 basis points in 2005.

2.2.9 Argentina 2000–2005

Argentina has produced a number of precedents, lately with its 2005
mega bond restructuring.28 While counting as one of the wealthiest
countries only one century ago, economic prosperity declined since the
1950s, mainly due to a heavily regulated economy left from the Perón
era. Argentina became the first country to enjoy debt relief from the
Paris Club in 1956. Under Carlos Saúl Menem and his economy minister
Domingo Cavallo, a currency board with a one-to-one dollar peg (“con-
vertibilidad”) was introduced to fight hyperinflation in 1991. While
inflation faltered and economic growth flourished, structural reforms
(deregulation, trade liberalization, privatization) led to a larger public
deficit after 1994. In 1993, the country received debt reduction under
the Brady plan, granting the government access to the international
capital markets. Future public deficits were financed by foreign debt
issues.

28 The Argentine crisis, and its relationship to the Fund, is subject to a large number
of academic analyses, such as Mussa (2002), Daseking et al. (2005), Cline (2003),
Perry and Serven (2003), and De la Torre et al. (2002).
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Throughout the crises in Mexico and Asia, the Argentine economy
appeared stable and served as role model for the IMF.29 When the im-
portant Mercosur trade partner Brazil devalued 1999, Argentina was
caught in an unsustainable situation. High domestic interest rates and
an overvalued currency dragged the country into recession. Markets
quickly deemed the external debt load unsustainable as its debt-to-
export ratio increased to 400%. An economic program, announced un-
der the name “blindaje” (armor plate) in December 2000, came along
with the first rescue package from multilateral creditors valued at $20
billion. The impact of these measures quickly degraded due to the lack
of both domestic support and external confidence.

First, a liquidity crisis unfolded. A lack of market access gave rise to
the “megacanje”, a mega bond swap in order to extend maturities in
June 2001 when Argentina faced major rollover needs. A broad num-
ber of debt issues were eligible for exchange into one short local bond
and three global bonds maturing in 2008, 2018, and 2031. While local
pension funds were not left much of a choice, the tender was voluntary
for other creditors. With a participation of $29 billion of debt (almost
half of all eligible claims) the swap was a stunning success despite the
conviction that the overall debt situation was unsustainable. However,
the deal significantly increased the overall debt stock. Market confi-
dence remained low and led to subsequent difficulties when provincial
entities tried to roll over their debt.

Investors became increasingly convinced of Argentina’s insolvency.
Despite efforts to stabilize the situation, market spreads increased to
1,600 basis points. As capital flight intensified, the IMF reluctantly
granted another credit line to prop up central bank reserves. After dis-
appointing tax collection figures in September, the government sought
support for voluntary debt relief in two stages. In the first stage, do-
mestic bondholders were supposed to exchange their bonds into loan
instruments under local legislation, guaranteed by tax revenues. These
included reductions in coupons and a maturity extension. While the
idea was to preserve the local financial institutions, creditors recog-
nized the implied default threat and tendered almost all eligible claims
in November. The segmentation of bondholders into domestic and for-
eign creditors was not perceived well by international investors. Rating
agencies judged the transaction as technical default, making it impossi-
ble for the IMF to grant further support. Before announcing the second
stage (which presented an exchange offer to foreign creditors), massive
capital flight led to the collapse of two large banks. The policy re-

29 The country received four IMF arrangements between 1992 and 2000.
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sponse of a bank holiday and a deposit freeze ended in street riots,
forcing the resignation of the Menem administration. Under the ap-
plause of the parliament, the new interim president Adolfo Rodŕıguez
Saá announced the suspension of payments on all foreign bonded debt
in December 2001.

Ousted after seven days into tenure, Eduardo Alberto Duhalde in-
troduced a painful pesification of the banking sector, and first devalued
and then untied the peso peg in the beginning of 2002. What followed
was an economic crisis of historic proportions in Argentina. The peso
overshot and temporarily lost three-quarters of its value relative to the
dollar. Output fell by 20%, GDP faltered by 11%, inflation and un-
employment shot up, and depositors lost much of their savings. The
situation stabilized in the third quarter of 2002. In January 2003, the
IMF resumed its support with a short-term stand-by arrangement. In
2003, GDP increased by almost 9% and unemployment was down by a
quarter. Economic recovery and political stability under the new pres-
ident Néstor Kirchner was remarkable.

Similar to his rough rhetoric with regard to multilateral agencies,
the Kirchner administration took a hard stance towards the holders of
the defaulted debt. After a failed sketch of a restructuring in 2002, a
slightly improved exchange offer was launched to domestic and interna-
tional bondholders in December 2004. Despite widespread resentment
among the investors, the final participation rate reached 76%, achiev-
ing substantial debt relief for Argentina. Total sovereign debt fell by
one-third to around 81% of GDP, converting part of the external debt
into local currency. Regardless of the uncertainty about hold-outs and
a wave of lawsuits, the government is expected to re-access interna-
tional bond markets soon. After the swap, the country was assigned a
B- rating by S&P, and bond spreads tightened to less than 400 basis
points.

2.2.10 Uruguay 2001-2003

Although severe contagion became a concern after the Argentine col-
lapse, Uruguay was virtually the only country that was seriously hit.
Stemming from a combination of factors, large capital outflows oc-
curred in 2002 and 2003. Even though an IMF program was in place
and helped to calm down investor sentiment, the run made parts of the
banking sector insolvent and triggered a devaluation of the peso.

Since the country’s once notable credit standing on the international
markets created an overhang of external debt, an immediate liquidity
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problem arose when the government faced a restructuring of the bank-
ing sector. Although enjoying an investment-grade rating only one year
before, Uruguay launched an extensive exchange offer in the spring of
2003. The restructuring, supported by the IMF, covered 46 domestic
and 18 international bonds with a total principal of $5.4 billion which is
almost all of Uruguay’s bond debt and about half of its total public sec-
tor debt. The exchange was designed to significantly reduce financing
needs through the international capital markets during the following
years. In addition, the exchange sought to improve debt sustainability
in the medium term while condensing the variety of bonds outstand-
ing in some larger issues. These objective were achieved by offering an
exchange, mostly at par, with two options. The maturity extension op-
tion included a new bond with an extended maturity of generally five
years. The benchmark bond option offered an exchange into larger and
more liquid bonds with a maturity of 30 years. This helped to gradually
reduce par spreads, declining from above 1,500 basis points in 2002 to
below 400 basis points in 2005. However, it is still disputed whether the
exchange was appropriate given the considerable external debt burden
at that time. Uruguay regained a B rating and issued a $150 million
note with a 17 3/4% coupon in August 2004.

2.2.11 Moldova 2002

The Moldovan case represents a clear-cut liquidity crisis of very small
dimensions. The republic gained independence from the former Soviet
Union in 1991, but has remained under strong Russian influence since.
Despite a favorable macroeconomic outlook, liquidity constraints arose
shortly before the maturity of its only eurobond in June 2002. Sup-
ported by the fact that 78% of the outstanding bonds were held by one
investor, the government engaged in restructuring negotiations. These
were facilitated by the activation of a collective action clause which
required a 75% majority vote. The exchange offer in October 2002
included a cash payment of 10% of the outstanding principal and a
new dollar denominated bond maturing in 2009. The new bond started
amortizing in 2003 in order to avoid another liquidity squeeze in the
long term. During this transaction, an IMF program was in place and
the transaction was welcomed by the Fund and other multilateral agen-
cies.
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2.2.12 The Caribbean Restructurings 2005–2006

A number of Caribbean countries suffered considerably from natural
disasters and a decline in tourism after 2001. IMF programs were de-
signed to resolve these problems. The programs envisioned bond re-
structurings that were comparatively small. The following briefly re-
views the transactions in Dominica and the Dominican Republic.30

Dominica suffered from a row of serious, permanent external shocks,
causing public debt to expand quickly and shutting off access to foreign
capital. The subsequent bond restructuring presented a characteristic
case of a preemptive exchange apart from the fact that its two bonds
were subject to a legal dispute. Since the original bonds were horizon-
tally stripped into zero coupons and sold to a wide range of regional
investors, the main challenge of the transaction was gaining a critical
acceptance rate. For this reason, the exchange remained open for the
a prolonged time in 2004. The long duration of the new bonds and
a small face value reduction not only resolved liquidity problems, but
also improved the sovereign’s solvency.

In the Dominican Republic, the economy enjoyed rapid economic
growth during the second half of the 1990s, after the Balaguer regime
fell. In 2001, the global downturn and a decline in tourism curtailed
growth and unemployment shot up. A strong policy response and a
reliable relationship with the IMF supported market confidence, en-
abling the country to issue an international sovereign bond in the same
year. In 2003, a major banking scandal triggered market pressure on
the peso and a slump in investor confidence. The subsequent economic
program came at large costs to public finances (increasing the public
sector debt from 26% in 2002 to 45% of GDP in 2003) and was fi-
nanced through another international sovereign bond. Besides decisive
structural reforms with strong IMF support, a bond restructuring was
initiated to facilitate cash flow relief for 2005 and 2006. The offer was
finally launched in April 2005 when the government was already in ar-
rears with a coupon payment and part of its commercial debt. The offer
aimed at extending solely the maturities in order to comply with the
comparability provision of the Paris Club. In the aftermath, spreads fell

30 At the time this chapter was written, Grenada also engaged in a restructuring
of two international sovereign bonds. Facing already severe economic problems,
Hurricane Ivan caused damages measuring 200% of GDP in 2004. With public
debt increasing to 130% of GDP and public revenues sharply contracting, the
government missed payments on the bonds but stayed current on commercial
and bilateral debt obligations. The conditions of the exchange offer were outlined
in September 2005.
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from above 1,500 basis points in summer 2004 to less than 450 basis
points one year later when the country received a B rating by S&P.

2.2.13 Outlook

What can we learn from the past? Historical experience has shown sev-
eral ways of sovereign lending and crisis resolution. Whereas sovereign
defaults have been decreasing for four decades since World War II, the
wave of defaults in the 1980s solely affected bank loans. Even in the
1990s, with global bonds not yet playing a pivotal role in public finance,
sovereign bonds were able to escape default—the Mexican liquidity cri-
sis in 1994–1995 was averted by generous international support, pre-
venting a precedence for a “modern” sovereign default from happen-
ing. Apart from smaller incidences, the restructurings of Ecuador and
Pakistan in 1999 became the archetype of modern restructurings, infa-
mously followed by the exchange of defaulted bonds from Argentina.

The type of crisis predominant since the 1990s suggests (regard-
less of all its idiosyncratic features) common causes, such as maturity
and currency mismatches, fragile banking systems, and exchange rate
overvaluation. Unfortunately, this has not made it easier to foresee the
timing and extent of a crisis which may affect the banking and cor-
porate sector, the exchange rate, and sovereign debt. In any case, cri-
sis resolution always involves significant expenses for the government.
Given a sound emergency plan to contain the crisis, the provision of
liquidity plays an invaluable role in crisis resolution. As markets are
usually unable to perform this task, the importance of emergency as-
sistance provided by the IMF should be undisputed. However, if a gov-
ernment’s expenses for crisis containment create an unsustainable debt
burden, the liquidity problem may tip over into a solvency problem.
In the latter case, exiguous multilateral support may look like “bail-
ing out investors”, which pull out their money in anticipation of large
write-offs.

However, making a distinction between illiquidity and insolvency at
the onset of a crisis is difficult, and political considerations have un-
doubtedly strengthened the case for prolonged bi- and multilateral sup-
port even when it seemed ill-advised. With emergency loans adding a
senior tranche to the external burden of public debt, this might acceler-
ate the transition from a liquidity to a solvency crisis. In the latter case,
private creditors will inevitably be forced to provide long-term debt re-
lief. Whether sovereign bond investors are asked to share in mainly
depends on the proportion of bonds relative to other debt instruments,
traditionally referred to as “de minimis rule”. The new paradigm of
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private sector involvement largely avoids making an ex ante distinction
between illiquidity and insolvency. In any case of significant commercial
loan or bond debt, bi- and multilateral agencies will call for an investor
bail-in. While the restructurings of Pakistan and Ecuador paved the
way for such transactions, the workouts in Ukraine, Uruguay, and the
Caribbean countries make a case for expecting more sovereign bond
restructurings to become part of future crisis workouts.

This being said, crises might still unfold despite deepened global
integration and the promising development of the developing country
class in recent years. While resorting to speculations is misplaced here,
some countries show certain vulnerabilities with respect to sovereign
indebtedness. The continued struggle of Ecuador to refinance its debt
is an obvious example. Unusually abundant liquidity on international
capital markets has recently reduced spreads to record lows. As global
monetary conditions tighten and investors apply closer scrutiny, a re-
versal of this development might reveal unforeseen liquidity and sol-
vency problems. Similar cycles have been present in the past, and their
reoccurrence should be no surprise.

2.3 The Theory of Sovereign Lending and Default

With past experiences in mind, the following sections explain how the
scientific literature has formed theoretical models and empirically an-
alyzed the mechanics of sovereign lending and crisis resolution.

Borrowing and lending enables the intertemporal shift of consump-
tion and investment. Thus, public lending can help for consumption
smoothing (Barro (1979, 1995)), or is used to increase public invest-
ment (such as infrastructure or education), exploiting higher rates of
return and promoting growth and welfare (Eaton (1993)). From this
view of the neoclassical growth theory, sovereign bonds are simply one
instrument among many to facilitate capital flows, circumventing the
“original sin” problem by borrowing in foreign currency (Eichengreen,
Hausmann and Panizza (2003), Özmen and Arinsoy (2005)) and ex-
ploiting competitive lending on the international capital markets. The
welfare effects are constrained by the necessity of repayment from tax
revenues and the “crowding out” problem with regard to private bor-
rowers. While the latter plays an increasingly important role as debt
flows to private entities in emerging markets expand, the former has al-
ready lead to instabilities on many occasions. Where the public budget
becomes difficult to balance, fiscal policy to maintain debt service tends
to become pro-cyclical (rather than counter-cyclical), further reducing
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the welfare effect of public borrowing and creating incentives for debt
repudiation.

The following reviews the current theoretical literature on sovereign
lending which can be divided into three areas: Firstly, the theory of
lending explores why sovereign debt exists despite the lack of an orderly
bankruptcy procedure for sovereigns. Secondly, the crisis literature re-
searches causes and consequences of financial crises in emerging markets
and contagion effects. A final area of study develops approaches for the
containment and resolution of crises and gives recommendations on the
role of the international financial institutions.

2.3.1 The Theory of Lending

Theoretical models of sovereign debt strive to determine the optimal
debt level for a sovereign and attempt to explain under which con-
ditions a sovereign would ever repay. As there is not any enforcement
mechanism to ensure repayment, these models utilize a set of benefits or
penalties to foster repayment, such as exclusion from capital markets,
loss in output, or international trade retaliation.31

Consumption smoothing is the central motive in equilibrium models
while maintaining a “good” reputation on international capital markets
serves as the enforcement mechanism (posing the threat of financial
autarky to a sovereign debtor).32 A reputational equilibrium is not
achieved in case where capital investment is the motive for sovereign
lending. This sort of lending is driven by a higher-than-average return
on investment. As long as the higher returns persist, there is an incen-
tive to take on more loans. By backward induction, no lending will be
made in the first place (Eaton et al. (1986), Rosenthal (1991)).

Eaton and Gersovitz (1981) present an early example of a reputation
model with consumption smoothing and complete information. A sta-
tionary equilibrium level of borrowing can be established by a concave
utility function and under the assumption that debt repudiation bars
the country from obtaining any loans in the future.33 Loans are taken

31 On output losses, see Barro (2001), Calvo (2000), Cerra and Saxena (2005), Cohen
(1992), and Dooley (2000). Rose (2005) finds an 8% downturn in bilateral trade,
persistent for 15 years, after Paris Club renegotiations. See Conklin (1998) for
anecdotal evidence of currency transfer embargoes in the medieval period of King
Philip II of Spain.

32 See Eaton and Fernandez (1995), pp. 14ff, for a review of different standpoints
on reputation.

33 Related models under the same assumption are Grossmann and van Huyck (1988),
Atkeson (1991), and Cole et al. (1995).
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out solely for consumption smoothing and are to be repaid quickly;
circumstances which are rarely observed in practice. Furthermore, in-
stead of infinite condemnation to financial autarky, some agreement
between lender and borrower could lead to a mutually beneficial new
equilibrium.

Addressing these shortcomings, Bulow and Rogoff (1989a) allow for
partial default and ongoing renegotiation of debt contracts, and in-
corporate stochastic interest rates and output. In their model, gains
from trade serve as collateral, and a loan could be characterized as
Nash-bargained insurance premium paid by the exporting country (the
debtor) to a monopolistic party (the creditor) for not interfering with
the debtor’s trade (“trade of goods for sanctions”). The conclusion
of Bulow and Rogoff (1989b), that reputation alone is deemed an in-
sufficient incentive for repayment, has been challenged by a number
of authors.34 Following the concept of reputation, Kletzer and Wright
(2000) show that a debt moratorium serves as sufficient punishment,
which is unwound upon successful renegotiations, and that compliance
with such a punishment mechanism is self-enforcing (by “cheat the
cheater”-patterns). This adds to the existing literature by foregoing
the implicit assumption of some third party enforcing commitments,
such as lender seniority or monopoly rights in trade.

Up to now, this academic work yields insights into the equilibrium
level of foreign sovereign debt, the so called credit ceiling of a debtor,
while the cost of borrowing is exogenously specified. Pricing claims sub-
ject to sovereign default, however, calls for models which help determine
the marginal cost of additional borrowing. By modeling debt to induce
a drag on GDP, Kulatilaka and Marcus (1987) recognize the existence
of a default premium over the risk-free rate and determine the optimal
first passage time for default when reputation is at risk. Gibson and
Sundaresan (1999) characterize sovereign spreads when exports serve
as collateral, determining the recovery value. Default followed by a re-
duction in economic growth and a restructuring of foreign obligations
is modeled by Westphalen (2001). His model facilitates the determina-
tion of the endogenous default boundary and the recovery rate, from
which sovereign credit spreads can be calculated.

This literature differs from earlier studies of sovereign lending by
incorporating stylized facts. Some authors have gone even further. The
existence of liquidity crises, as trigger of restructurings, is examined in
the literature on self-fulfilling credit runs (Chang and Velasco (2000),

34 See Kletzer and Wright (2000), Cole and Kehoe (1996a, 2000), Chari and Kehoe
(1993), and Kehoe and Levine (1993).
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Cole and Kehoe (1996a, 2000), Detragiache and Spilimbergo (2001),
and others). Alfaro and Kanczuk (2005) make an argument towards
delaying default in order to maintain reputation and sending strong
signals despite default-prone fundamentals, a scenario called “muddling
through” which is observed frequently in practice.

By explaining the existence of sovereign lending and risk spreads,
these studies have helped shape the financial architecture of the sovereign
bond market. The design of sovereign lending instruments and the dis-
cussion about sovereign restructuring draws largely on the above fun-
damental concepts. However, empirical calibrations have proven diffi-
cult given the lack of well defined and regularly reported proxies for
variables such as country wealth and reputational costs. The main con-
tribution of this literature lies therefore in the application of game
theory and asymmetric information to sovereign indebtedness, helping
to develop an efficient sovereign debt market and suggesting mutually
beneficial approaches to sovereign debt workouts.

2.3.2 Crisis Literature

The recurring appearance of emerging country crises has given rise to
its own strand of literature, which begins with models on currency
crises and subsequently shifts to models incorporating banking and
sovereign debt crises. The understanding of the fundamental causes and
transmission channels of these crises has helped to develop many of the
empirical models of sovereign risk. This literature advanced in lock-step
with the changing circumstances of crises in the last few decades, and
has been characterized by first, second, and third generation models.

The first generation of model focuses on currency crises which em-
anate from fundamental macroeconomic weaknesses. The sovereign
assumes domestic debt under a fixed exchange rate regime with in-
ternational capital mobility. These circumstances were typical of the
1980s debt crises and became the basis for IMF programs until 1993.
In academic models, foreign reserves are used to cover fiscal deficits,
eventually making it impossible to credibly defend an exchange rate
peg against speculative attacks (Krugman (1979), Flood and Garber
(1984)). Later, first generation models were extended to include current
account imbalances and real exchange rate misalignments.

The unpredictability of crises suggests the existence of multiple equi-
libria when fundamentals remain unchanged (like investor runs in a
prisoners’ dilemma setting). Second generation models take into ac-
count the political economy of maintaining currency pegs. The relevant
background is provided by the European Monetary Union crisis in 1992
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and the Mexican peso crisis in 1994–1995. Besides fundamentals, these
models allow self-fulfilling investor expectations to enter the picture,
stressing the role of speculative capital flows and short-term access to
foreign reserves (Cole and Kehoe (1996b), Detragiache (1996), Drazen
and Masson (1994), Obstfeld (1994), Sachs et al. (1996)).

After the Asian crisis, third generation models presented a more
comprehensive picture, linking sovereign debt crises, currency crises,
and corporate and banking crises. The transmission channels of such
crises are mostly found in the financial sector while investor behavior
is influenced by the existence of implicit guarantees, such as the pledge
to maintain the exchange rate, or the bail-out of the banking system.
The term “twin crises” (the joint occurrence of banking and currency
crises) was coined by Kaminsky and Reinhart (1999), and other authors
associated it with bank runs (Chang and Velasco (1999, 2001)) and
credit boom-bust-cycles (Corsetti et al. (1999), Schneider and Tornell
(2004)).

This advancement blurred the lines between corporate, banking and
sovereign payment crises, and stressed the importance of public debt
dynamics, as Roubini and Setser (2004a), pp. 26f, point out:

“The systemic collapse of the corporate sector typically bankrupted
the banking sector, and the cost of saving the banking system
increased the government’s own debt. In some crises, domestic
banks borrowed from abroad to purchase the government’s do-
mestic debt, blurring the lines both between a domestic and an
external crisis, and between a sovereign and a banking crisis.
Most sovereign debt crises contaminate the banking system in
some way (often because banks hold large amounts of govern-
ment debt) and trigger large falls in the currency value that
create payment problems for many firms.”

A further layer of complications is added through the presence of
cross-country spill-over effects, giving rise to studies of contagion.35

International linkages and globalization is thought to have increased
the presence of systemic risk, especially after the Russian crisis, but
the lack of large-scale contagion after the Argentine crisis has calmed
down the discussion.36

Fundamental contagion describes how shocks from one country are
transmitted to others by means of macro linkages such as international

35 Claessens and Forbes (2001) present an overview of this literature.
36 An assessment of the Asian crisis with regard to contagion is presented by Baig

and Goldfajn (1999).
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trade and competitive devaluations.37 Financial contagion models look
at the reaction of the international financial markets. A number of crises
were followed by a global decline in investors’ appetite for emerging
market investments, such as the slump in capital flows after the Asian
and Russian crises, or the widening of risk spreads in Latin America
during Argentina’s struggle. While some might explain such reaction
with behavioral arguments (e.g., investor herding in response to asym-
metric information, see Calvo and Mendoza (1999)), another interpre-
tation is that each crisis offers new insights which can lead to a reassess-
ment of default risk (“wake-up call”, see Pericoli and Sbracia (2003)).
The relationship between empirical risk spreads and fundamental indi-
cators of default risk is therefore subject to permanent change, posing
a challenge to fundamental models of credit spreads.

2.3.3 The Literature on the IMF’s Role

Connected with the literature on crises is the question of how to avoid,
address, and resolve crises. The role of international financial institu-
tions, particularly the IMF, has often been placed at the center, with
important implications for sovereign debt. While recent proposals for
sovereign debt workouts are discussed in Chap. 3, the following reviews
the theory of catalytic finance.

In 1944, the Bretton Woods agreement included the founding of
the International Monetary Fund and the International Bank for Re-
construction and Development (IBRD, the core institution within the
World Bank Group). Later, further multilateral development banks
formed around the initial institutions.38 These new players became the
catalysts for developing country lending in the period after World War
II. While the World Bank and the regional development banks focus
on private initiatives and project financing, the general financial ar-
chitecture is influenced primarily by the IMF. Additionally, the IMF
tries to act as the central institution to enforce commitments (which
is implicitly assumed by some reputation models of sovereign lending)
through the provision of financial assistance in crises. The assistance

37 Corsetti et al. (2000) present a theoretical model. These channels were at work,
for instance, in Argentina (in response to Brazil’s devaluation) and Uruguay (in
turn after Argentina’s devaluation).

38 Such as the Inter-American Development Bank (founded in 1959), the African
Development Bank (founded in 1964), the Asian Development Bank (founded in
1966), and the European Bank for Reconstruction and Development (founded in
1991), among a number of smaller ones.
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typically consists of an emergency loan package from several multilat-
eral institutions which is monitored by the IMF and enjoys de facto
highest seniority.

The theoretical literature focuses on two effects of this IMF “cat-
alytic financing”. First, the participation in an IMF program is seen as
a signal in a principal-agent relationship of borrower and lender when
the quality of macroeconomic policy is unknown. As IMF programs
impose a cost on governments to increase their efforts and implement
“good policies”, entering a program serves as a screening device for
private investors (Thomas and Marchesi (1999), Killick (1997)). Addi-
tionally, IMF surveillance, an important part of every IMF program,
creates public information, supporting markets’ informational efficiency
(Fama (1970)). However, the efficiency of the IMF-induced macroeco-
nomic adjustment itself is controversial, subject to dispute in the em-
pirical literature.

Second, as a response to self-fulfilling creditor runs, IMF support
is widely seen as a “liquidity insurance” by a lender of last resort.39

While the previous aspect of IMF lending stresses measures which im-
prove the debtor country’s solvency and transparency, IMF support
to prevent creditor runs consists solely of the unconditional provision
of additional short-term credit lines. Based on models of domestic de-
posit insurance (Bryant (1980), Diamond and Dybvig (1983)), an in-
ternational analogy can be established under some caveats (Goodhart
and Huang (2000), Giannini (1999)). Similar to the theory of corporate
finance, short-term debt (that causes possible roll-over problems, cul-
minating in a liquidity crisis) is interpreted as a disciplining mechanism
(Jeanne and Wyplosz (2001), Kumar et al. (2000)). While much of the
past controversy focused on the optimal extent of liquidity provision
under resource constraints, the IMF’s present policy aims at preserv-
ing the vital financial architecture of a country and avoids financing
speculative capital outflows, which is in line with theory (Jeanne and
Wyplosz (2001)). In contrast to the political discussion, the theoretical
literature has recognized that the key question is not whether to supply
full (and unlimited) liquidity support or not, but where to draw the line
in a trade-off between containing self-fulfilling runs and creating moral
hazard, a classical problem of insurance providers.40 The moral hazard
problem may thereby be present on both sides. Foreign creditors, on

39 The insurance consists of the provision of liquidity, not the subsidy element of
below-market rate IMF loans since countries can get completely barred from
financial markets, unable to borrow at any rate.

40 See Roubini and Setser (2004a), pp. 74ff.
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the one hand, may see an incentive to over-lend in expectation of IMF
bail-outs that enable them to withdraw their funds. On the other hand,
debtor governments may also lean towards excessive borrowing instead
of pursuing economically sound, but potentially painful politics.

The theoretical literature has yet to produce consensus on this prob-
lem. Depending on the model setup, however, there is a case for efficient
interventions given that these are ex ante not certain (Jeanne (2000),
Ghosal and Miller (2003)) and remain partial (i.e., they leave some
costs to creditors and debtors, see Corsetti et al. (2005)). This will,
however, never completely rule out the possibility of liquidity crises
occurring (despite sound fundamentals) as investors are risk averse (or
even maybe irrational), informational asymmetries persist (Ghosal and
Miller (2003)), and random shocks occur (Spiegel (2005)). Liquidity in-
surance offers help only in the presence of a liquidity crisis, but not in a
solvency crisis (which usually requires a restructuring with substantial
write-offs). Since these two situations are often difficult to distinguish,
catalytic financing is identified to work best when fundamentals are
sound (Corsetti et al. (2005)). Given these distortions and shortcom-
ings, Kumar et al. (2000) and Miller and Zhang (2000) suggest that
sovereign payment suspensions alone (“standstills”, the equivalent of
a “bank holiday”) can work equally well in preventing creditor runs.
This gives rise for a standardized procedure for workouts, a discus-
sion pursued in Chap. 3. The literature does not yet offer a systematic
comparison of both liquidity insurance and standstills.

Both the facts that creditor runs are hard to predict and IMF sup-
port cannot be taken for granted add to the uncertainty surrounding
the valuation of sovereign bonds. It is difficult to evaluate how these
measures influence the likelihood of a crisis and its cost to bondholders,
and how all this combines into the ex ante perception of sovereign risk-
iness. The empirical literature, reviewed in the following, gives a first
glimpse of how IMF action influences capital flows and risk spreads.

2.4 Empirical Evidence

Empirical applications of the above theoretical models are often trou-
blesome and lead to unsatisfactory results. Foregoing much of the un-
certainty surrounding the cost of default, empirical models strive to link
macroeconomic fundamentals to sovereign lending. The topic most rel-
evant to this study lies in the determinants of sovereign bond spreads.
Before turning to this in Section 2.4.4, the earlier literature with re-
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lated linkages will be discussed, such as the determinants of crises, the
effect of IMF intervention, and sovereign ratings.

2.4.1 Determinants of Crises

In the empirical literature, many attempts have been made to explain
past sovereign debt crises and use the result for prediction models, such
as “Early Warning Systems”. Most of the preceding literature focused
on general balance-of-payment crises (Berg and Pattillo (1999), Berg
et al. (1999)). Among the extensive empirical literature on currency
crises, Reinhart (2002) shows that in four out of five debt crises a
currency crisis preceded, exemplifying the interlinked nature of all types
of crises. This is also highlighted by Allen et al. (2002), illustrating
balance-sheet mismatches in different parts of an economy that can
trigger a financial crisis.

Table 2.3 offers a synopsis of the literature which mainly strives to
explain the occurrence of sovereign debt crises.41 Thereby, a crisis is
mostly defined by a rescheduling, arrears on principal or interest, or a
default rating. By including IMF upper-tranche arrangements (or “aid
packages”) as a crisis event, some studies avoid dropping incipient debt
crisis from the sample which were only averted by exceptional multilat-
eral financial support. The dichotomous crisis variable is then related
to fundamental factors by means of probit or logit regressions. As most
studies focus on the 1970s and 80s, the findings reflect debt servic-
ing difficulties mainly in connection with loans, but not bonds. Among
the studies presented, Manasse et al. (2003) and Manasse and Roubini
(2005) can be ranked currently as the most advanced approach. Their
work applies an innovative statistical technique to identify non-linear
interactions of crisis indicators which improves the predictive power
and better distinguishes between different types of crises, requiring
different policy responses. Their results highlight certain crisis-prone
combinations of indicators, visualized in an empirically calibrated tree,
and suggesting four types of countries: those prone to liquidity risk,
solvency risk, macro-fundamental risks, and relatively safe countries.

41 Related studies with divergent focus, not included in the table, are Berg and
Sachs (1988), Lanoie and Lemarbre (1996), and Lloyd-Ellis et al. (1989, 1990).
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Although this part of the literature does not consider the marginal
cost of borrowing as the dependent variable, the results offer some
guidelines for identifying common indicators of crises. It has to be borne
in mind that the choice of the explanatory variables underly severe
constraints in terms of data availability and frequency, which partly
explains the omission of obvious indicators such as the public deficit.
It is, however, difficult to infer from these findings the kind of default
measures used in bond pricing, such as the default probability and
recovery rate. Besides the common caveats of empirical determinants
of crises, two more shortcomings are inherent in the above studies. First,
the models cannot determine the political will (by the debtor itself or
the IMF) to avert a crisis or soften the terms of a restructuring. Second,
a study of a dichotomous event variable is hardly transferable into a
continuous and forward-looking measure like bond spreads.

2.4.2 The Effect of IMF Involvement

A large number of studies is dedicated to determining the effect of
IMF crisis lending on capital inflows and risk spreads. The success
of IMF programs is highly disputed in the literature, but remains a
controversy beyond the scope of this study.42 The main question is,
however, whether IMF intervention creates systemic effects on sovereign
bond prices and how these effects evolved over time. For this reason, the
following looks at the empirical findings on the effectiveness of catalytic
finance versus the existence of adjacent moral hazard problems.

The evidence is, unfortunately, mixed due to the small number
of clear bail-out cases, continuously changing policies, and a reverse
causality problem as IMF loans are mostly directed to already strug-
gling countries. Cottarelli and Giannini (2002) offer an overview of the
empirical studies and point out general empirical hurdles. The effects
of catalytic finance, i.e. an increase in capital inflows in response to a
signal like an IMF program, are generally found to be weak (e.g., Bird
and Rowlands (1997, 2000)). In case studies on general determinants of
all kinds of private capital flows, catalytic effects appear to play only
a subordinate role (e.g., Hajivassiliou (1987)).

Disentangling debtor and creditor moral hazard from risk spreads is
difficult. Indeed, the link between macroeconomic and lending data sug-
gests some weak evidence for debtor moral hazard (Dreher and Vaubel

42 On this topic see, for instance, Barro and Lee (2001), Bird et al. (2004), Dicks-
Mireaux et al. (2000), Edwards (1989), Haque and Khan (1998), Hutchison (2001),
and Prezeworski and Vreeland (2000).
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(2004), Gai and Taylor (2004)). As crises, even given IMF support, bear
high costs to the government, it is more convincing to argue that the in-
centive to incur risky policies remains low (Roubini and Setser (2004a),
pp. 107f). The empirical evidence on creditor moral hazard, at least
when measured by linking IMF support to capital flows and spreads,
underly the general criticism formulated by Jeanne and Zettelmeyer
(2004):43 As IMF presence is supposed to be efficient, higher capital
flows or lower spreads just prove a necessary (but not sufficient) con-
dition for moral hazard as these effects are also the clear objectives
of the IMF. As long as IMF lending does not contain a large subsidy
element, moral hazard cannot be present per definition (as the “Mussa
argument” claims).44 Since the subsidy contained in IMF lending is
believed to be very small in emerging markets (i.e. apart from HIPC
countries)—considering the fact that IMF debt is de facto senior and
influences domestic policy via the conditionality channel (Jeanne and
Zettelmeyer (2001), Zettelmeyer and Joshi (2005))—, this leaves little
indication for creditor moral hazard.

Accordingly, empirical evidence is mixed. Risk spreads of commer-
cial loans usually widen when an IMF program is adopted (Eichengreen
and Mody (2000a), Haldane (1999), Ozler (1993)). A signal of good
policies (leading to lower spreads) is found to work best with precau-
tionary IMF programs, i.e. before a crisis-like deterioration of funda-
mentals (Mody and Saravia (2003)). The opposite impact is found for
repeated use of IMF programs, constituting a similar effect as a repu-
tation loss due to earlier debt servicing problems. The coincidence of
IMF programs and private sector involvement during the Brady deal
era (e.g., Marchesi (2003)), however, does also not necessarily prove a
causality.

The changing nature of sovereign debt markets and associated re-
forms of the IMF’s policy make it difficult to reach a final conclusion.
Event studies and simple stylized facts may be more conclusive but
also underly some econometric caveats. Lane and Phillips (2000) and
Zhang (1999) do not identify significantly reduced sovereign spreads
after the Mexican bailout which could have induced creditor moral
hazard. The surprising default of Russia (a country considered as too
strategically important to fail) has undoubtedly lead to a large in-
crease in global sovereign spreads, which is regarded as evidence of
moral hazard (Dell’Ariccia et al. (2002)). Anecdotal evidence suggests

43 This caveat is already mentioned (but rarely addressed) in some studies, like
Dell’Ariccia et al. (2002), Mody and Saravia (2003), or Lane and Phillips (2000).

44 See Jeanne and Zettelmeyer (2004)., pp. 3f.
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the existence of a “moral hazard play” in Russia, and similarities might
be applicable to Brazil in 1998 and to Turkey (see Lane and Phillips
(2000) and Roubini and Setser (2004a), pp. 106f). Analogous to what
is believed to be the impact of measures that make debt restructur-
ings easier (such as collective action clauses, see Chap. 3), Dell’Ariccia
et al. (2002) find that countries with weak fundamentals suffered most
from the Russian “nonbailout”. The resumption of large-scale finan-
cial support in recent years (Argentina, Uruguay, Brazil), coupled with
the withdrawal of support and subsequent default in Russia and Ar-
gentina, might have lent little reason to believe that creditor moral
hazard plays a significant role today. In fact, as Chap. 3 argues, the
inclusion of sovereign bonds in recent debt workouts (as part of the
private sector involvement philosophy) implies that bond investors are
unlikely to be completely bailed out by the IMF in any future cri-
sis. Rather, IMF involvement in debt crises might catalyze a sovereign
bond restructuring where the loss rate, given action is initiated from
the outset, remains marginal. When splitting bond spreads into default
intensities and recovery rates in Chaps. 5 and 6, the results might help
to illustrate this evolution.

2.4.3 Determinants of Ratings

Ratings serve as a benchmark when comparing country risk cross sec-
tionally. The transition of ratings, especially between investment and
speculative grade, often motivate large portfolio rebalancings, causing
immediate reactions on bond spreads. The rating methodology also ex-
erts some pressure on the style and conditions of restructuring deals,
as will be pointed out in Chap. 3.

While not the main focus of this study, it is therefore worth to briefly
review the empirical literature on sovereign ratings. The dominant play-
ers among country risk ratings, relevant to foreign currency sovereign
bonds, are the letter grade ratings provided by Standard & Poor’s and
Moody’s. Other agencies or providers of related ratings (such as the
Institutional Investor magazine, analyzed in Erb et al. (1996)) play a
clearly subordinate role. Bhatia (2002) gives an overview of the rat-
ings methodology and points out several explanations why ratings may
fail to foresee crises. Hampered by the statistically small number of
sovereign crises and their ever changing nature, the quality and timeli-
ness of sovereign ratings as proxy for sovereign default risk is difficult
to assess. Reinhart (2002) identifies ratings as a poor predictor of cur-
rency crises (which, in turn, are often followed by sovereign debt crises).
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While bond spreads and ratings do not always cohere (Sy (2002)), rat-
ing actions are found to be reasonable predictors of sovereign distress
(Sy (2004)). Although market participants proved sceptical about the
quality of rating assessments a decade ago (Group of Ten (1996), p.
30), this situation may have improved as the market expanded.

The determinants of sovereign ratings closely resemble those of bond
spreads (Bissoondoyal-Bheenick (2005), Cantor and Packer (1996), Hu
et al. (2002), Larrain et al. (1997), McNamara and Vaaler (2000)).
As broadly agreed upon in these studies, sovereign credit ratings can
largely be explained by indicators of external debt, fiscal and external
balances, inflation, real growth and per capita income. Political vari-
ables appear to play a minor role in determining ratings (Haque et al.
(1998), Block et al. (2003)). This may arise from difficulties in measur-
ing the effects statistically although politics are undoubtedly of pivotal
importance in emerging markets. The spillover effects of negative rating
changes are analyzed by Gande and Parsley (2005).

While the information contained in ratings is found to be made up
by fundamental indicators, the rating assessment itself is believed to
contain additional information (Cantor and Packer (1996)). Event stud-
ies assert that bond spreads, as well as other financial markets, react
significantly (but maybe not homogenously) to rating announcements
(Andritzky et al. (2005), Norden and Weber (2004), Reisen and von
Maltzan (1999)).

2.4.4 Determinants of Spreads

Secondary market prices of sovereign bonds offer a continuous measure
of sovereign default risk. Since the emergence of sovereign bonds on the
international capital markets, a burgeoning literature has researched
the determinants of these credit spreads.

Even before the first Brady deals, early contributors analyzed the
explanatory factors of risk premia in foreign loans issued by less de-
veloped countries (Edwards (1986), Boehmer and Megginson (1990)).
By comparing the determinants of LIBOR spreads of loans and offer-
ing spreads of bonds, Edwards (1986) shows that similar fundamental
drivers are at work. This provides the first evidence of the parallels
between the determinants of crises and ratings on the one hand, and
spreads on the other. Many authors have confirmed this stance (see
Tab. 2.4). The close relationship between fundamentals and credit rat-
ings has proven the latter to be a good substitute for the former (Can-
tor and Packer (1996)), causing some empirical studies to rely solely
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on ratings as a proxy for all fundamentals (e.g., Kamin and von Kleist
(1999)).

Resorting to spreads as the dependent variable allows for the esti-
mation of the “cost” of a change in fundamentals or ratings, e.g. the
average increase of spreads in response to a rating change (Sy (2004)).
In the same way as past defaults are identified to increase spreads
(Cantor and Packer (1996), Eichengreen and Mody (1998b)), some evi-
dence hints at differences in spreads due to regional origin (Kamin and
von Kleist (1999)) or instrument characteristics (e.g., Eichengreen and
Mody (2000b,c)).

Fundamental factors alone, however, reveal only one part of the
picture. Calvo et al. (1993) refer to these as country-specific “pull” fac-
tors, which operate alongside global “push” factors. The importance of
general “market sentiments” was recognized by a number of commen-
tators (Eichengreen and Mody (1998b), Kamin and von Kleist (1999)).
One string of the subsequent literature focused on the impact of world
interest rates. While theoretical arguments suggest a straight-forward
relationship, the empirical literature could not always provide unani-
mous evidence. Looking at capital flows to developing countries, the
search-for-yield hypothesis proclaims that lower world interest rates
have a positive impact on the demand for emerging market investments.
Empirically, this is well supported (Dooley et al. (1994), Eichengreen
and Mody (1998a)) but poses a difficult policy dilemma for the mone-
tary authorities in industrialized countries, as the findings lend support
to capital-flow induced boom-and-bust cycles in developing countries.
Besides diluting the value of economic adjustment programs, the find-
ing questioned the advisability of capital-account liberalization (Ke-
nen (1998)). This discussion toned down as the empirical literature
remained inconclusive about the importance of world interest rates on
emerging market bond spreads (in contrast to capital flows), which are
considered an indicator of market access. In theory, lower world inter-
est rates are argued to lower risk spreads (as lower borrowing costs
to the debtor decrease the likelihood of default), and increased risk
appetite fuels the demand for riskier investments. Inconclusive empir-
ical evidence in this area highlights the difficulties of spread analyses.
Early studies found little evidence for the effect of world interest rates
(Cline and Barnes (1997), Kamin and von Kleist (1999)), while more
sophisticated studies of secondary spreads are generally more in line
with the aforementioned theory (Arora and Cerisola (2001), Ferrucci
(2003), Uribe and Yue (2003)).
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While this question has important policy implications, a holistic pic-
ture of spread determinants of sovereign bonds is still missing, at least
at a level of accuracy useful for bond pricing.45 A first shortcoming
lies in the fact that most fundamental determinants are available with
limited frequency only, such as monthly or quarterly reported indica-
tors. This situation is mitigated by the emergence of continuous proxies
of fundamentals, such as local stock market indices or exchange rates.
The development of more sophisticated proxies of push factors, such
as global liquidity measures and risk aversion indices, has lent signifi-
cantly to the improvement of explanatory power in empirical models.
Global market integration is expected to increase the importance of
these drivers (McGuire and Schrijvers (2003)). A second, often under-
estimated challenge, is the efficient and complete use of information
contained in financial data. Although data limitations remain a severe
constraint, the econometric exploitation of vast amounts of financial
time series is likely to gain importance as financial markets in emerg-
ing countries grow and mature. While studies relying on composite
indices (that mix different bond seniorities and durations) are valid
starting points, a better fit of single bond issues can only be provided
by term structure models (such as Duffie et al. (2003)). These models
work with unobservable stochastic variables as drivers of bond spreads.
Unfortunately, approaches to link these variables to macroeconomic
fundamentals are still in their infancy (Diebold et al. (2005)). Ang and
Piazzesi (2003) present a first and promising approach by means of
a vector autoregressive model. They find that macroeconomic factors
can explain up to 85% of variation in bond yields, but mostly at the
short end and middle of the yield curve. Unobservable factors remain
the major drivers of movements at the long end.

2.5 Concluding Remarks

The historical perspective suggests that the recent expansion of emerg-
ing market lending, and the recent crises, are not per se exceptional
developments. On the contrary, the recent discussion on an overhaul
of the current financial architecture has brought up suggestions that
resemble previous arrangements. Creditor coordination, for instance,
was addressed by bondholder committees over a century ago. State

45 This induced studies that found systematic persistencies in the pricing of bonds,
usable for profitable trading strategies. See Berardi et al. (2004), or Jostova
(2006).
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contingent debt service has been utilized earlier by means of equity in-
struments and is reinvigorated by indexed bonds (such as GDP-linked
warrants) today. With the development of new markets, such as do-
mestic debt markets in emerging countries, one-off initiatives for solv-
ing debt problems, comparable to the Brady plan in the 1990s, will
become possible again.

The new stance towards private sector involvement has alerted many
sovereign bond investors. This concern is at least partly justifiable. On
the one hand, the inclusion of sovereign bonds in crisis resolution may
indeed create some costs to investors when a crisis cannot be averted.
An event study by McBrady and Seasholes (2004) estimates the effect
of comparable treatment of private bond holders, first applied in Pak-
istan 1999, to increase spreads by 25 to 95 basis points, at least in the
short-run. This is in contrast to the early 1990s, where sovereign bonds
could evade the restructuring efforts. On the other hand, the burden
sharing principle may increase the IMF’s capacity to prevent and con-
tain crises. Furthermore, IMF involvement may enhance the efficiency
of bond restructurings (e.g., by facilitating creditor coordination), and
therefore present a mutual benefit for creditors and debtors. This policy
change, supported by the G-8 leaders and withstanding court rulings of
major financial centers, creates the opportunity for sovereign debtors in
distress to restructure and consolidate their bonded debt. Some might
be able to partly convert bond obligations into local currency or, at
least, add collective action clauses.

The scientific literature has tried to reproduce the forces at work
in theoretical models and detect common grounds in empirical studies.
While there is, broadly speaking, a general consensus on the determi-
nants of crises, ratings, and composite bond spreads, it remains difficult
to determine what drives single spread movements and to explain the
full extent of the term structure. Similarly, forecasting threshold val-
ues for crises, and making predictions about the sequence and timing of
distress events unfolding, currently seems beyond the scope of scientific
cognizance.

A number of specific issues remain to be solved. First, political fac-
tors deserve larger attention. An exception is the discussion on moral
hazard induced by IMF lending, a discussion which has been set off
track through the introduction of the “Mussa argument” by Jeanne
and Zettelmeyer (2004). A more comprehensive picture on links be-
tween politics and sovereign default risk, however, is missing. Although
market experts are well aware of the impact of domestic and interna-
tional politics, especially with regard to emerging market financial in-
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struments, the empirical literature on the political economy of sovereign
debt is relatively new (e.g., Block and Vaaler (2004)). The discussion
on sovereign restructuring mechanisms and the legal features of bond
contracts (such as collective action clauses) has already promoted em-
pirical work in this area (e.g., Eichengreen and Mody (2000b,c)). By
presenting a thorough analysis of the structure of recent sovereign debt
workouts, Chap. 3 sheds more light on this area. The findings might be
of use for the development of models that are coherent with the stylized
facts.

Second, a more thorough knowledge of feedback effects is necessary
to understand bond spreads, themselves being a far forward-looking
measure of credit risk. Eichengreen and Mody (1998b) stress supply
versus demand effects, showing that the likelihood of a bond issue
declines with higher U.S. Treasury yields. Similar effects are at play
during crises, which reduce a country’s ability to issue debt. Sy (2004)
shows that capital market access is reduced by one half when spreads
rise above 1,000 basis points. Detragiache and Spilimbergo (2001) ar-
gue that the accumulation of short-term debt is endogenous during the
run-up to a crises as countries find it more difficult to borrow on longer
maturities. The study in hand contributes in this area by providing
alternatives to assuming an exogenously given and deterministic recov-
ery value, a shortcoming of most current studies which look at spreads
only. Determining the drivers of the expected recovery value, i.e. mak-
ing the recovery value endogenous, can help to enhance asset pricing
of bonds and credit derivatives (see Chaps. 4 to 6).
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Sovereign Restructuring

The restructuring of sovereign bonds is a new and urgent issue for the
financial community. The hope that default will become an unheard-
of word on the international market for sovereign bonds did not come
true in the last decade. The official sector’s call for private sector in-
volvement (PSI) marked an end to unbounded rescue efforts and forced
private creditors to contribute to the resolution of debt crises. Credi-
tors, oftentimes rewarded for investing in emerging countries through
considerable risk premia, became concerned that they would have to
face significant forfeits in upcoming debt swaps or restructurings. But
are these restructurings worth the fear investors have about them? This
question is addressed in the following three sections. A review of the
literature in Sect. 3.1 explains the challenge of workout mechanisms
and describes the most recent proposals discussed in politics and sci-
ence. The subsequent Sects. 3.2 and 3.3 generalize the circumstances
of debt restructurings and compare the terms of recent transactions.

Section 3.4 sheds light on the implications on investment returns
and addresses the question of how to evaluate a restructuring offer.
Applying a 10% flat discount rate and comparing the resulting net
present value (NPV) is generally too simple. The more appropriate
way to evaluate restructurings ex post is the comparison of holding pe-
riod returns of different periods throughout a restructuring. This takes
into account that risk spreads decline from their peaks after a success-
ful restructuring.1 The results show that the most significant losses are
realized during the early stages of the crisis, whereas a restructuring
event itself turns out to be mutually beneficial for the debtor and the

1 The approach is related to the concept of the trading price recovery which regards
the post-default market price of securities as recovery value. See Renault and
Scaillet (2004), p. 2920.
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creditor. In the run-up of a crisis, market valuations seem to be too
pessimistic and trading liquidity becomes thin (indicating loss of mar-
ket access) whereas, after a restructuring, trading of the restructured
bonds is regaining liquidity.

The insights gained in this analysis feed back into pricing models.
To come up with a suitable model of sovereign default risk, the final
part of this chapter addresses the question, which recovery assumption
is reasonable for a sovereign debtor? While there is considerable exper-
tise from realized corporate defaults, making it easy to pick and justify
a certain recovery expectation for valuation purposes, this is not the
case for sovereign bonds. Frequently, bond market analyses rely on the
common recovery of market value (RMV) assumption, probably due to
its simplicity.2 The alternative concept of recovery as a fraction of face
value (RFV), however, must not be disregarded. When taking a look at
the recent restructurings, it appears reasonable to take a combination of
both concepts into account, depending on the circumstances. A restruc-
turing with the sole objective of prolonging maturities and providing
short-term relief resembles an RMV-like recovery. Restructurings by a
defaulted debtor involving haircuts seem more closely related to the
RFV concept.

3.1 Literature Review

The literature on aspects of sovereign debt restructuring is expanding
very quickly as the discussion on the appropriate restructuring mecha-
nism continues. The contributions to this topic are manifold and involve
economic, legislative, and political aspects. The review is divided into
two parts. In the first part, the development of ideas for bankruptcy
procedures of sovereigns is reviewed. The second part looks at the few
studies conducted on recent restructurings.

3.1.1 Sovereign Bankruptcy Procedures

Dealing with sovereign bankruptcy goes far back in history, as Chap.
2 has shown. Ever since that time, the sovereign workout process was
perceived to bear significant inefficiencies. Most of these inefficiencies
consist in coordination problems and distorted incentives, additional
to the large degree of uncertainty inherent with sovereign bankrupt-
cies. The literature has therefore centered on proposals how to make a
workout as efficient as possible.
2 See Duffie and Singleton (1999), pp. 700ff.
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Thereby, well designed workout processes need to comply with the
following criteria. Firstly, any workout process has to avoid debtor and
creditor moral hazard and ensure a timely bankruptcy declaration.
Making default very costly to the sovereign can avoid the incentive
of over-borrowing and opportunistic default.3 However, this may cre-
ate little incentive ex ante against over-borrowing because taking on
debt by the incumbent government creates an instant benefit while the
burden of repayment may be inherited by another administration in
the future.4 During a crisis, the high cost of default can also give pol-
icymakers reasons to delay the initiation of restructurings beyond a
desirable point. When a restructuring is clearly inevitable, this creates
only more hardship for the domestic economy, and possibly reduces the
sovereign’s debt servicing capacity in the future. Secondly, the work-
out should be comprehensive. The principle of burden sharing requires
that all creditors contribute to the crisis resolution effort. At the same
time, creditors of one class of debt instruments (for example, pari passu
ranking bonds) must be treated equally. This prevents, for instance, do-
mestic creditors or banks to receive preferred treatment. Thirdly, the
workout process should prevent self-fulfilling creditor runs.5 One is the
“rush to the exists” upon first signs of a crisis, creating large capital
outflows and possibly causing a liquidity crunch. Another kind of run
is the “rush to the courthouse” when creditors try to move quickly
to seize the debtor’s assets, undermining comprehensive renegotiation
efforts.6 Another creditor coordination problem arises from informa-
tional asymmetries and free-rider behavior, like investor holdouts. This
term refers to a single creditor or a minority group of creditors who are
free-riding on a restructuring agreement by staying away from the ex-
change while enforcing their payments on the original bonds later, often
at the expense of those creditors who already accepted the exchange
offer. Information asymmetries arise from missing incentives on either
the debtor and creditor side to reveal the “true” payment capacity or
minimum conditions for accepting a restructuring deal, respectively.7

Lastly, the process should be concluded within a reasonable time frame.
A large number of suggestions exist on how to draft a workout pro-

cess which fulfills these criteria. Rogoff and Zettelmeyer (2002) offer an
excellent overview. In the postwar era, the discussion started with the
3 See Dooley and Verma (2001).
4 See Alesina and Tabellini (1990) and Corsetti and Roubini (1997).
5 See, among others, Chang and Velasco (2000), Cole and Kehoe (2000), Detra-

giache and Spilimbergo (2001).
6 See Miller and Zhang (2000).
7 See Haldane et al. (2005).
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debt problems of many less developed countries (LDC) in the 1970s and
1980s and continues today, while emphasis of the proposals shifted from
addressing one to addressing another of the above criteria over time.
Since the beginning of the discussion, proposals of an independent arbi-
trator with sufficient power vis-à-vis debtors and creditors kept coming
up again and again, but remained utopia up to now. In 1979, the Group
of 77 developing countries first proposed such a centralized body, the
“International Debt Commission”, which would follow the style of Paris
Club negotiations. Oechsli (1981) constitutes the first comprehensive
proposal on a supranational bankruptcy procedure derived from Chap-
ter 11 of the U.S. bankruptcy code.

By the mid-1980s, the large debt burden of many developing coun-
tries was believed to curtail their growth due to a “debt overhang”
problem. In terms of a debt Laffer curve, this suggests that the dis-
incentives of debt have grown so large that debt relief would actually
increase the default risk-adjusted value of LDC debt (Krugman (1988),
Dooley (1986)). This created a wave of market-based debt reduction
schemes, for instance, by converting external debt in domestic equity at
a discount. While some criticized that this mainly benefited creditors,
this approach of uncoordinated, voluntary debt reduction proved inef-
ficient due to the large degree of free-riding (Bulow and Rogoff (1991),
Dooley (1988), Helpman (1989)). Despite several authors drafting new
statutory workout proposals to mitigate this problem (Barnett et al.
(1984), Cohen (1989a,b), Raffer (1990)), the Brady plan put an end
to this discussion in 1989. Although the plan presented only a one-off
initiative, it provided the background for some much needed change to
the international financial architecture. The most important one was
the new stance towards IMF lending into arrears, which strengthened
the IMF’s role in crises and workout processes. In turn, this lowered
the bar for (unilaterally announced) debt moratoriums or “standstills”,
giving the debtor more breathing space and forcing the creditors to the
negotiation table.

Defying these improvements, the reemerging crises in the 1990s mo-
tivated a new string of proposals, now stressing moral hazard issues
and the avoidance of investor runs. This discussion has abated today,
but initially centered on two main alternatives for debt workouts. The
centralized approach envisages the creation of a central bankruptcy
court for sovereigns, applying generally accepted principles of a supra-
national bankruptcy code. While a neutral and completely independent
body might be desirable, the most likely way for implementation would
consist in an amendment of the IMF Articles of Agreement. The latest
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proposal heading this direction was made by the IMF’s First Deputy
Managing Director Anne Krueger, suggesting the “Sovereign Debt Re-
structuring Mechanism (SDRM)” (Krueger (2001)) with the following
main features:

General voting rule. Decisions by a qualified majority of creditors
(“supermajority”) becomes binding for all claims.

“Dispute Resolution Forum (DRF).” An independent committee
is appointed which serves for administrative functions, dispute set-
tlement, and enforcement actions. The DRF assures the trans-
parency of the process and the disclosure of key data about the
debtor.

Temporary stay. Upon a motion of the defaulted debtor, a superma-
jority decides about a limitation on creditor enforcement.

Priority finance. By majority voting of the creditors, a preferred
creditor status is approved for interim emergency loans (“fresh
money”) to overcome a liquidity squeeze.

Constraints on the debtor. This extends the idea of IMF condi-
tionality in order to avoid free-riding, for example by imposing cap-
ital controls to stop capital flight.

This draft of a centralized workout body shows parallels to many other
proposals made in the present and the past. However, emphasis is
placed on the avoidance of large bailouts as they exhaust the IMF’s
financial capacities and potentially create moral hazard. In the Krueger
(2001) proposal, an immediate, IMF-endorsed moratorium (before any
IMF support is granted) is believed to eliminate panics and reduce
the need for large bailouts.8 The implementation of such a statute,
however, appears politically infeasible as a wide-reaching consensus on
its necessity is lacking. Prominent commentators and market sources

8 Others, for instance Lerrick and Meltzer (2001), believe that the collapse of sec-
ondary debt market prices mainly causes panic and contagion. They suggest ad-
dressing this problem directly, by introducing an “offical floor of support” with
unconditional IMF lending to keep secondary market bond prices at levels which
are believed to reflect a sustainable debt burden during a restructuring. The price
collapse of bond prices, however, is not the technical reason behind a liquidity
squeeze. What matters are other channels of capital outflows and the prohibitive
marginal cost of new lending (which is better mitigated by IMF emergency lend-
ing than by an IMF intervention on bond markets). However, it is believed that
this could help to avoid irrationally low secondary market prices attracting vul-
ture funds and other speculative interests which may later disrupt an orderly
workout.
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criticize the proposal as regulatory overkill that could hamper future
capital flows into these markets.9

As opposed to the centralized approach, the decentralized approach
stresses a market based solution. This approach mainly relies on the in-
troduction of appropriate clauses in bond contracts. While the idea was
much promoted by the former U.S. Treasury Undersecretary John Tay-
lor (Taylor (2002)), the potential role of majority clauses in bond con-
tracts was originally emphasized by academic authors, such as Eichen-
green and Portes (1995). The clauses, mostly referred to as collective
action clauses (CAC), provide for the following features:

Majority action. Majority voting permits the amendment of bond
terms in a restructuring by the consent of a supermajority of at
least 75%.

Engagement. Engagement clauses provide precepts for the appoint-
ment of a representative bondholder committee which may set fur-
ther internal rules.

Initiation. This clause determines voting requirements for the accel-
eration in a continuing event of default or the annulment of accel-
eration when the default is cured. Most contracts use a 25% voting
threshold for acceleration and a 50% to two-thirds majority for de-
acceleration.

Transparency. The issuer is required to follow certain disclosure re-
quirements and provide key data.

Collective action clauses in bond contracts are a common feature under
a number of legislations, such as British law. A bond issue by Mexico
in 2003 has shown that including CACs in bond contracts under New
York law is legally feasible.10 Others have followed that route. Today,
more than 90% of all sovereign bond issues under New York law include
CACs which are now considered market standard.11 Besides New York,
it seems legally viable to include CACs under other legislations as well,
such as Germany.12 Certainly, the inclusion of CACs is an endogenous
variable and cannot be enforced. Nevertheless, it seems that CACs
are getting more popular and will become a global market standard.
Initially, the driver behind this trend seemed to be the “threat” of a

9 See, for instance, Shleifer (2003), Eaton (2002), and Group of Ten (1996).
10 New York is the dominant jurisdiction for the sovereign bond primary market,

holding a market share of two-thirds by market value in 2004.
11 See International Monetary Fund (2005).
12 See Becker et al. (2003).
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statutory workout mechanism as alternative solution.13 It will, however,
need several years before all existing bonds will be replaced by contracts
including CACs. Bratton and Gulati (2004) calculate a penetration rate
of CACs (given all new issues include the clauses) of 80% by 2010, or
maybe higher if sovereigns decide to launch bond exchanges before
maturity.

After discussing the dominant proposals for sovereign workouts, the
following turns to the academic contributions on analyzing these ap-
proaches. Thereby, the literature on the best approach to sovereign
restructuring is broadly divided into two strands. The first builds on
theoretical arguments and models.14 Among those, Kletzer (2003) and
Haldane et al. (2005) show how unanimous voting leads to protracted
negotiations and strategic rent seeking behavior, resulting in inefficient
outcomes. Under ideal conditions, CAC-induced majority voting results
in the first-best solution to the problem, rendering any statutory re-
structuring redundant. To avoid failures of creditor coordination across
bond issues and jurisdictions, Kletzer (2003) proposes the use of the
aggregation clause. This clause requires a majority consent by all pari
passu ranking bondholders (as opposed to majority votes of each single
bond issue).15 If, however, incomplete information about the investors’
valuation of the offer prevails, uncertainty will trigger strategic behav-
ior. In this case, Haldane et al. (2005) suggests an intermediator (like
the IMF) to observe the true valuation in a debt exchange, balance the
interests, and achieve a social optimum. Weinschelbaum and Wynne
(2005) highlights the aspect of free riding among creditors of different
jurisdictions. They argue that CACs are irrelevant under the current
condition in which bond contracts and jurisdictions widely differ and
the presence of IMF bailouts distorts investor incentives.

The second stream of the literature researches empirically the ef-
fect of CACs on bond market spreads. Initial studies failed to find any
significant effect when comparing bond spreads with and without col-
lective action clauses on the primary and secondary markets (Becker
et al. (2003), Dixon and Wall (2000), Gugiatti and Richards (2003)).
The approach by Eichengreen and Mody (2000b,c) and Eichengreen,

13 After the successful placement of CAC-bonds in New York in end of 2003,
Guillermo Ort́ız, governor of the Bank of Mexico, is quoted: “We were worried
because it would increase our financing costs. The truth is we did it because it
was a way to get rid of the SDRM.” Galloway (2003), p. 24.

14 See, besides the contributions described in the following, Thomas (2004), Eichen-
green, Kletzer and Mody (2003), and Ghosal and Miller (2003).

15 Similar clauses have recently been implemented after restructurings in Uruguay,
Argentina, and the Dominican Republic.
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Kletzer and Mody (2003) recognizes the endogeneity problem since
borrowers can choose the contract design (which might constitute a
signal), and both lenders and borrowers decide on whether to approach
the markets at all. The result suggest that CACs contribute towards
lower spreads for debtors with good credit standing while increasing
spreads for weak debtors.

3.1.2 Analyzing Past Workouts

Only a very limited number of studies, though, analyze recent sovereign
restructurings. Thereby, most contributions focus on the question of
how the official sector should respond to debt crises, but give little
hindsight what investors can expect from sovereign bond restructur-
ings. In a paper about investor bail-in (the dominant term at that
time), Eichengreen and Rühl (2000) offer a review of the resolution of
debt crises in Pakistan, Ecuador, Romania, and Ukraine. The paper by
Sturzenegger (2002), prepared for the World Bank, is the most com-
prehensive review of sovereign restructurings but does not yet include
the cases of Argentina and Uruguay.16 A more systematic comparison
is found in Palacios (2004). The Russian and Argentine debt swaps are
described in the paper by Aizenman et al. (2005), providing a model of
debt swaps.17 Further details about these restructurings are included in
a number of other publications, such as Lipworth and Nystedt (2001).
Noteworthy are the policy-considerations by the IMF.18

In the area of sovereign bond investments, literature focusing on
portfolio management is rare. A comprehensive study of how much in-
vestors have earned in emerging market investments is found in Klingen
et al. (2004). Sturzenegger and Zettelmeyer (2005) analyze the hair-
cut implied by recent restructurings by using the post-restructuring
exit yield, i.e. the yield at the first trading day after the restructur-
ing, to value the pre-restructuring original bonds. Comparing them to
the market value of the restructured instruments can make successful
restructurings appear especially painful. If the restructuring reinstalls
long-term debt sustainability and exit spreads come out very low as a
result, the yield-implied value of the (more generous) pre-restructuring
bond terms would suggest a larger price reduction than investors actu-
ally suffered.
16 A redrafted version is available as Chuhan and Sturzenegger (2003).
17 The description of the debt swaps draws on Kharas et al. (2001) (Russia), as

well as Perry and Serven (2003), Mussa (2002), and De la Torre et al. (2002)
(Argentina).

18 See International Monetary Fund (2001, 2002, 2003)
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The changing nature of the young mechanisms of sovereign bond
restructurings awaits more scientific analyses. The following presents
one attempt, trying to identify common patterns in the restructuring
mechanics which allow the reshaping of valuation models for sovereign
bonds.

3.2 Crisis Resolution in a Nutshell

While each approach to debt crises is as unique as the underlying eco-
nomic and political problems, it is nevertheless helpful to establish a
structure for classifying debt crises in order to find an appropriate solu-
tion. Figure 3.1 presents such an overview compiled on the base of Man-
asse and Roubini (2005), Rieffel (2003), Roubini and Setser (2004a),
and others.

3.2.1 Liquidity and Solvency Crises

Financial crises are often distinguished between liquidity and solvency
crises, a concept vitalized in Corsetti et al. (2005). Even though this cat-
egorization is easily done for corporate entities based on their balance
sheets, the solvency concept is blurred for sovereign entities. Definitions
on the distinction therefore start from the symptoms, not their causes.

Liquidity crises are debt problems marked by the inability to roll
over, i.e. to refinance short-term liabilities. Liquidity crises can seam-
lessly spill over into a solvency crisis. In fact, while not every unsus-
tainable debt level immediately leads to insolvency, any solvency cri-
sis is triggered by some kind of refinancing shortage. Although causes
and indicators of both types of crises therefore look closely related,
the severity and the medium- to long-term perspective of a foreseeable
or current refinancing problem determines the appropriate measures
to be taken. A momentary refinancing problem—perhaps caused by a
slump in demand for emerging market debt as a result of contagion or
unexpected policy moves by the Fed—can be overcome in a concerted
action such as a stand-by assistance from the IMF, a commitment from
commercial lenders to roll over loans, a rescheduling at the Paris Club
under “Classic Terms” (without any reduction of debt obligations), and
a voluntary swap of short-term debt securities into longer maturities.

Situations stemming from refinancing problems can be identified by
a number of indicators. While the overall debt load is not excessive,
the debt servicing profile might be front loaded, meaning that consid-
erable payments have to be made in the short run. This was the case,
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Fig. 3.1. Sovereign debt crises and solutions

Liquidity crisis Solvency crisis

Causes:
• Considerable rollover risk
• Confidence crisis
• Contagion
• Rising benchmark rates
• Low demand for emerging market debt

Causes:
• Economic depression or transformation
• Costly domestic crises, such as banking crises
• Political crisis
• Currency crisis and currency mismatch
• Unsustainable debt level

Indicators:
• Front loaded public debt service profile
• Inverse term structure of sovereign bonds
• Low international reserves in relation to short term obligations
• High reliance on capital account surpluses
• Weakening exchange rate

Indicators:
• High external debt-to-GDP ratio
• Inverse or sharply hump-shaped term structure
• High inflation
• Low level of government revenues and sustained fiscal deficit
• Current account imbalance
• Exchange rate misalignment

Objectives:
• Maturity extension
• Short-term cash flow relief

Objectives:
• Short-term cash flow relief
• Medium-term debt sustainability
• Economic or political benefits

Objectives:
• Long-term debt sustainability, debt relief
• Economic or political turnaround
• Prerequisite for bi- and multilateral relief or

assistance

Debt swap Soft restructuring Hard restructuring

Examples:
Mexico (1995), Ukraine (1999), Brazil (1999)

Examples:
Ecuador (1999), Pakistan (1999), Argentina (2001)

Indication:
• Debt service load caused by single bond
• Definable bondholder group

Indication:
• IFI support
• Diverse bondholder universe
• Collective action and aggregation clauses

Indication:
• Ultimate measure, market access lost, default

inevitable
• Deep economic or political crisis

Characteristics:
• Volunatry exchange, i.e. tender
• Discriminatory eligibility
• Instrument upgrade, sweeteners

Characteristics:
• Market sounding, informal negotiations
• IFI involvement
• Menu approach, sweeteners
• Take-it-or-leave-it offer, latent default threat
• Exit consents by majority vote

Characteristics:
• Default
• Face value, coupon, and PDI reduction
• Take-it-or-leave-it offer
• Exit consents
• Hold out threat and litigation

Key Success Factors:
• Participation rate
• Moderate yield and face value increase
• No selective default rating

Key Success Factors:
• Low ratio of holdouts
• Reduction in spreads and market access
• Improvement of rating

Key Success Factors:
• Debt relief
• Low level of litigation
• Reduction in spreads and market access
• Improvement of rating
• Timely implementation

Examples:
• Ukraine and Regent Pacific Group (1999)
• Argentina (July 2001)
• Moldova buybacks (2001)
• Turkey (2001), Lebanon (2004)

Examples:
• Pakistan (1999), Ukraine (2000)
• Uruguay (2003)
• Dominican Republic (2005)

Examples:
• Ecuador (1999)
• Russia (1998-2000)
• Argentina (2001-2005)

Source: Author’s illustration.

for instance, in the “Tesobono Crisis” in Mexico. Manasse and Roubini
(2005) find in their empirical assessment of crisis indicators that pure
liquidity crises occur at total external debt-to-GDP ratios of less than
49.7%, while typically the short-term debt-over-reserves ratio is larger
than 1.3.19 With respect to bond markets, this situation typically oc-
curs when major sovereign bonds are to mature in the near future. If
particular bond issues can be identified to cause a potential refinancing
problem, financial markets will trade these issues at a discount, of-
ten resulting in an inverse term structure of risk premia. Manasse and
Roubini (2005) identify that in certain combinations with other indi-
19 Note that these debt measures used by Manasse and Roubini (2005) include both

private and public debt.
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cators, fixed exchange rates and political uncertainty can be associated
with upcoming liquidity problems.

A solvency crisis, in contrast, is characterized by a high debt
load. Manasse and Roubini (2005) identify indicator thresholds for
insolvency-prone countries, such as an external debt-to-GDP ratio of
above 49.7%, public external debt over revenues above 215%, and infla-
tion above 10.5%. With already weak fundamentals, initial refinancing
problems often culminate into insolvency upon the arrival of an addi-
tional negative shock. This is characteristic for the breakout of most
crises and a general attribute of “catastrophic” events. Therefore, an
analysis of solvency risk is well advised to include a “360 degree” re-
view of the economy, including the banking system, political stability,
monetary policy, and the currency regime.

The determinants just discussed blend differently into the assess-
ment of sovereign risk—such as those by investment banks and asset
managers, rating agencies, and the international financial institutions
(IFI). However, none of these concepts—neither the clear-cut letter
grades from rating agencies nor the diplomatic phrases used in IMF
reports—can provide the financial community with a cast iron proof
of an imminent liquidity or solvency crisis. As there is a continuum
between the three stages “no sovereign crisis”, “liquidity crisis”, “sol-
vency crisis”, the appropriate measures for crisis resolution present a
complementary continuum ranging from voluntary debt swaps through
harmless soft restructurings to painful hard restructurings. It has to
be kept in mind that the measures in the lower part of Fig. 3.1 only
present a small section of possible measures used to address a crisis.
Since the topic of this study focuses on sovereign bonds, these measures
mainly address problems of public debt (in contrast to private sector
debt) on the international capital markets (as opposed to loans and
domestic bonds, although those debt workouts may look similar).

3.2.2 Debt Swap, Soft and Hard Restructurings

By the end of the 1990s, securitized debt made up a significant share of
sovereign indebtedness for many countries, and the traditional lenders
of last resort—like the G-8 countries and multilateral agencies—became
unwilling and unable to avert major crises. This gave rise to the prin-
ciple of “burden sharing” and has since legitimated debtor countries
to initiate capital market transactions for relief. Therefore, any kind of
private sector involvement will take the form of a voluntary debt swap
or some kind of comprehensive restructuring.
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A maturity debt swap intends to exchange short-term liabilities
into new instruments which provide short-term cash flow relief.20 When
international capital markets currently do not allow the issuance of new
debt, a voluntary debt swap can skim those investors who are interested
in prolonging their exposure. From the issuer’s point of view, a debt
swap should be chosen if a refinancing problem is foreseeable and is
caused by a few bonds only. Furthermore, a debt swap is more easily
implemented if the eligible issues are held by a definable bondholder
group, facilitating creditor coordination.21 However, it must not be
neglected that a debt swap tender comes at some costs as well, and
does not contribute to long-term debt relief as new instruments with a
longer maturity usually imply a higher yield.22

From the investors’ point of view, a debt swap offer is of a voluntary
nature where bondholders tender their old instruments for new issues.23

Its impact on the value owed to creditors is usually of small magnitude.
The effect on the yield curve depends on the extent of the debt swap,
but is generally assumed to be small. Similar to restructurings, most
offers include small incentives (“sweeteners”) for tendering into the
exchange.

What makes a voluntary debt swap offer successful? While the par-
ticipation of the vast majority of bondholders is not necessary for con-
ducting a debt swap, it is necessary to yield a substantial cash flow re-
lief. However, this is a result of the value offered and therefore presents a

20 Since this study looks at external debt, i.e. debt in foreign currency only, currency
debt swaps are of no interest here. Hence, the term “debt swap” refers exclusively
on maturity debt swaps. The Russian swap of ruble treasury bills (GKOs) into
eurobonds had both features, converting the debt into foreign currency and pro-
longing maturities. See Kharas et al. (2001).

21 This was the case in Ukraine, where the Regent Pacific Group was basically the
only investor in an $163 million loan placed through ING Barings due in 1999.
During the grace period and under the threat of cross-default and acceleration
invocation, an agreement between the Ukrainian Ministry of Finance and the
investor group was reached. Regent Pacific received a 20% cash payout while
the rest was converted into D-mark bonds at a factor of 0.943. See Sturzenegger
(2002), p. 36.

22 The $29 billion swap by Argentina in June 2001 is said to have increased the
average interest rate by 1.7% and the average yield by 35 basis points; See Cline
(2004) and Sturzenegger (2002). Cunningham et al. (2001) show that the Argen-
tine swap in June 2001 reduced short-term spreads but increased long-maturity
spreads while the average spread remained unchanged.

23 As in the Argentine debt swap in June 2001, competitive or non-competitive
offers can be placed. Non-competitive offers will be executed at the cutoff price
if it exceeds some threshold published in advance. Competitive offers will not be
executed if the offer is below the cutoff price.
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trade-off between costs and a high rate of acceptance.24 While a volun-
tary debt swap is not an unilateral change in contractual obligations—
which is considered a technical default by rating agencies—there is,
however, a residual risk of receiving a selective default rating. To pre-
vent this, rating agencies require that the offer is public, does not vi-
olate contractual commitments, and therefore treats foreign and local
investors equally. Attempts that do not honor these rules do not present
a sustainable solution since investors may initiate legal action and the
international financial institutions might withdraw their support.25

If successful and timely implementation appears possible, a debt
swap is always a first measure to undertake in order to prevent a refi-
nancing problem.26 However, this might not always help if a solvency
problem persists and economic or political circumstances remain harsh.
If a crisis has already advanced too far, a debt swap might rather bind
valuable resources and contribute to political inflexibility. The same ap-
plies to currency swaps which convert local currency debt earning high
local interests into lower yielding foreign currency debt. This intended
interest rate arbitrage strategy is dangerous because it increases the
expected rate of currency devaluation (and the likelihood of a specula-
tive attack on a pegged rate). This can lead to an even faster meltdown
of the crisis.27 In these cases, the conditions of the debt exchange are
unlikely to fulfill the two main characteristics of a debt swap anyway:
voluntary participation and selective eligibility.

From an investor’s point of view, a debt swap tender must not be
expected to heavily impact the valuation of the claims (neither if par-
ticipating in, nor if abstaining from the offer), although there might be

24 In terms of participation, the Argentine debt swap in June 2001 was a success,
exchanging $32.8 billion of face value, a 45% portion of the eligible claims. The
downside of this success consisted in its high costs: while debt service obligations
until 2005 fell by about $21 billion, total nominal obligations thereafter rose by
stunning $66 billion. See Mussa (2002).

25 The Argentine “Phase one” debt swap in November 2001, for example, targeted
local investors. While successful in its intended purpose, the debt swap was judged
as discriminatory which lead to a selective default rating and contributed to the
withdrawal of the Fund’s support, eventually triggering the default on external
debt. See Sturzenegger (2002), pp. 70f.

26 An example might be the Ecuador swap offer shortly after the country already
defaulted on some of its Brady bonds. Investors were not satisfied with the vol-
untary offer and voted for accelerating the bonds (for which only a 25% quorum
is necessary), forcing Ecuador even deeper into default and triggering a compre-
hensive restructuring in 2000. The Ukrainian Regent Pacific deal poses a related
example. See Eichengreen and Rühl (2000).

27 See Aizenman et al. (2005).
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a possible redirection of trading liquidity into the new bonds. For this
lack of pricing impact, debt swaps are not considered a credit event in
the remainder of this study. The following will therefore concentrate on
comprehensive and involuntary restructurings.

In contrast to debt swaps, restructurings are outlined by their com-
prehensive and involuntary manner. While “comprehensive” does not
embrace all securitized claims guaranteed by some governmental en-
tity, this term means that all issues of the same class and of the same
legal standing (as indicated by a pari passu clause) take part in the
restructuring. And while “involuntary” does not mean that investors
do not have a choice, it refers to a take-it-or-leave-it offer in contrast
to a tender offer.28

Preventive restructurings or restructurings on the edge of default
can take the form of a soft restructuring. Its objective is to over-
come short-term refinancing needs and establish a more sustainable
perspective in the medium term. Like debt swaps, soft restructurings
therefore serve as means to prevent a liquidity crisis and can help to im-
prove medium-term solvency. Since a restructuring is always regarded
as an offensive event, sovereigns usually consider it when there are
prospective additional benefits. These may be the obtainment of relief
or additional assistance, respectively, from bi- and multilateral lenders.
Although this should give the country a breathing space, a soft restruc-
turing is not the right measure to simply “buy time” in the hope that
economic growth picks up and makes an unsustainable debt burden tol-
erable. Indications of the merits of a soft restructurings are the estab-
lishment or maintenance of cooperation with the international financial
institutions. The financial, political, and technical support granted by
the bi- und multilateral institutions are often conditional on each other
and can be of considerable importance for the fate of a country which
is at the verge of a crisis.

Collective action clauses (or majority voting clauses) help to fa-
cilitate any restructuring by binding a minority to the exchange and
therefore preventing holdouts. An aggregation clause ensures that the
majority rule is not only applied to each single issue but to all issues
affected by the restructuring. While this may conflict with the equality
of treatment (which must be avoided), it offers the chance to consoli-
date an issuer’s bonded debt. The resulting increase in trading liquidity

28 Whether or not a country declares an offer to be “voluntary”—as both Pakistan
and Russia did—does not matter. Only by the use of a majority voting rule (which
both countries did not invoke) can a minority of investors be bound into an offer.
It is impudent, however, to call a democratic rule “involuntary”.
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benefits all bondholders, while debt swaps and soft restructurings un-
der the unanimity rule expand the universe of bond issues and split up
trading liquidity.

The characteristics of restructurings must be seen as a continuum
where the soft and the hard restructuring only stand for the purest
extremes. The following describes a soft restructuring in an idealized
form. In this case, the restructuring offer is preceded by comprehen-
sive market sounding and informal negotiations with investors. Even
though the importance of these consultations might be questioned in
the light of game theory and political realism, it may fulfill the IMF’s
requirement for “good faith efforts” and expand the common ground
for compromise.29

Besides the offering of sweeteners the restructuring offer may in-
clude different options to choose from. Such a menu approach has been
popular since the Brady plan in order to meet actuarial or tax related
needs and other investor preferences.30 Most debtors predefine some
participation threshold for the restructuring offer, although the take-
it-or-leave-it character aims at the conversion of all eligible claims. This
gives reason to some very typical rhetoric surrounding a restructuring:
while creditors or creditor representatives contend to hold out unless
the debtor improves the conditions of the restructuring, the debtor
establishes a latent threat of defaulting if the restructuring offer is re-
jected. The only legally binding elements to assign an involuntary take-
it-or-leave-it character to a restructuring, however, are so called “exit
consents” by majority voting: With their participation in the restruc-
turing, investors are required to agree to changes in the contractual
terms of the old bonds. This makes the old bonds less attractive to
hold, as the following examples show.31 Exit consents can be used to
invoke collective action clauses by granting the voting rights of the ten-
dered bonds irrevocably to an agent.32 This way all contractual terms
of the original bonds can be changed (or cancelled in exchange for new
bonds, as in the Ukrainian case) if a sufficient majority of bondholders
agrees to the terms of the restructuring offer. Exit consents can also be
applied to claims which do not include collective action clauses. A (sim-
ple) majority vote can amend the non-payment terms of the original
claims, for example, by deleting the cross-acceleration clause or remov-
29 See International Monetary Fund (2002).
30 See Buckley (2004).
31 For a comprehensive assessment from a legal perspective, see Buchheit and Gulati

(2000).
32 Ukraine chose this process for three of their four eurobonds which contained

collective action clauses.
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ing the covenant to maintain the listing on the stock exchange.33 The
latter reduces the second market value of the original claim which is ad-
vantageous for buy-backs by the debtor and discourages investors from
holding out. Amending the cross-acceleration clause gives the creditors
less leverage and makes it easier for the issuer to default selectively on
the old bonds.

If no exit consents are used, the borderline between a voluntary
debt swap and a soft restructuring becomes blurred. An offer cannot
be attributed to force if the only indicator of involuntariness is of a
rhetorical kind. For this reason the case of Pakistan’s exchange offer
in 1999 represents a borderline case. The Pakistani offer was largely
comprehensive—only a small $150 million note was not eligible—and
shared other characteristics of a soft restructuring (e.g., the exchange
ratio was not determined by a market tender). Furthermore, Pakistan’s
default threat was absolutely credible. Nevertheless, the offer did not
include binding measures against holdouts so that it is hard to argue
that it was completely involuntary. The attractive conditions of the
restructuring offer—no haircut, instrument upgrade—rather than any
kind of force motivated the investors to participate. They acknowledged
that the restructuring actually offered additional value. In the end, a
vast majority of investors in each issue participated in the restructuring.
After closing, Pakistan stayed current on all original bonds, taking no
measures against holdouts.

A high participation rate, implying a low ratio of holdouts, is never-
theless an important indicator of a successful restructuring. Further-
more, the restructuring should ideally contribute to a reduction in
spreads as the cash flow relief should curb insolvency fears, enabling a
debtor to re-access the international capital markets. While typically a
country offering a restructuring receives a default-rating, a successful
offer should result in an improvement in rating afterwards.

A hard restructuring is by all means the ultimate measure to
resolve insolvency and comes at high costs for all parties: while the
population in the debtor country already suffers from the economic
circumstances accompanied with insolvency, default and restructuring
comes at high political costs for the country itself and its government,
and implies also substantial creditor losses. In this case, the restruc-
turing is a means to make the country current on its debt and restore
investor confidence, thereby serving both the debtor’s and the creditors’
needs.

33 Exit amendments of this kind were first used by Ecuador in 1999.
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The objectives of a hard restructuring are obvious. The country’s
debt has to be resized to a sustainable degree, requiring substantial
debt relief. A fresh start has to be made to resolve economic problems
and reinstall political order. Private sector involvement requires bond-
holders to write down part of their claims in order to qualify for debt
relief and financial assistance from the bi- and multilateral agencies.

A hard restructuring is usually considered as a last minute measure
after other approaches to the problem have failed, market access has
been lost, and default on several bonds is inevitable. The restructuring
also offers an opportunity to solve an economic or political crisis, for
instance, by making adjustments to the currency regime or reforming
the politics of fiscal budgeting and tax collection.

In a typical hard restructuring, the issuer already is in arrears with
debt service payments and investors already initiated legal action to
accelerate their claims. To avoid an investor grab race (“rush to the
courtroom”), the defaulting country is well advised to secure its assets
against attachment. Drafting the conditions of the restructuring was,
up to now, predominantly an unilateral process driven by the debtor
country. The spread of collective action clauses and the establishing of
bondholder groups with a binding negotiating mandate make it more
likely that, in the future, affected investors will be able to influence
the process more actively. The notion that the threat of litigation is
a major instrument of power in the hands of creditors has not proven
true yet.34

A characteristic element of any hard restructuring offer is, besides
a maturity extension, some reduction in principal value. This may be
combined with a reduction in coupon or, as lately introduced by Ar-
gentina, a markdown of past due interest (PDI). Holdout investors will
not be able to benefit from the improved solvency as free riders, but
need to face costly litigation efforts.

Apart from achieving substantial debt relief, reducing spreads and
regaining market access, effectively coping with litigation is the most
important success factor in hard restructurings. While the attachment
of (foreign) assets is still an important lever, litigators frequently tar-
get payment flows to the holders of the new bonds, jeopardizing the
whole restructuring effort. This can be addressed by measures like exit
consents and trust indenture structures (instead of fiscal agents). If the
group of holdout investors is small but their litigation efforts prove
painful upon the completion of the deal, the sovereign issuer may

34 This view, expressed for instance in Fisch and Gentile (2004), was much influenced
by the Elliott vs. Peru ruling in 2000, but has ceased ever since.
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consider to settle their claims despite the resulting violation of inter-
creditor equity.35 An easy way out is to reopen the exchange under the
same conditions at a later time (as happened in Pakistan, Ukraine, and
Uruguay).

This framework for resolving sovereign debt problems on the inter-
national capital markets recognizes that it is not always possible to
draw a clear borderline. The individual characteristics of each crisis
and its most appropriate solution are not a discrete choice out of two
or three categories. In the future, the whole approach to sovereign re-
structurings itself is expected to evolve and expand in variety. But the
more restructurings we see, the easier it will be to recognize common
patterns. While neither all past crises nor all future crises neatly fit
this structure, the above framework tries to give some guidelines on
the following journey through recent sovereign debt restructurings.

3.3 Evidence From Recent Restructurings

This section compares recent restructurings and relates the common-
alities to the general framework of sovereign restructurings. Table 3.1
gives an overview of the main features of the restructurings during the
last decade. The table shows the diversity of restructurings following
ad hoc rules, but can nevertheless help to distinguish the previously
outlined two basic characters of restructurings.

35 A “most favored investor clause” has ruled out this solution in the Argentine
restructuring although the robustness of this clause has yet to be tested. The
press recently documented efforts by the legal counsel of Argentina to circumvent
this restriction. See Diario Ambito Financiero, 5 October 2005.
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In the following, the main features of these restructurings are dis-
cussed and the resulting “haircut” is assessed on the basis of net present
value calculations. The discussion is limited to the restructurings men-
tioned in Table 3.1 which focuses on securitized debt claims issued on
international capital markets. Other cases of private sector involvement,
which might have been relevant to local or very specialized international
investors, are not considered here.36 The restructuring and valuation
of Brady bonds are not subject of this study and have been analyzed
by Buckley (2004) and Claessens and Pennacchi (1996), among others.

3.3.1 Features of Recent Restructurings

Table 3.1 shows that the time between the credit event and the closing
of the exchange can differ widely, whereas the actual offering is usually
open for four to six weeks. The time which passes until a workout
is reached appears to be longer for very disruptive cases. This may
stem from the fact that in a full blown crisis the authorities do not
assign debt problems the first political priority. In the Argentine case,
however, critics argue that the government was reluctant to initiate
a restructuring. In all other cases, the length of the time span did
not prove a disadvantage to long-term investors since all arrears were
compensated in full.

The table also reveals that all restructurings, except for Uruguay,
arose from a sovereign default or a credible default threat. While the
default is—as outlined in the previous section—the common starting
point for a hard restructuring, Ukraine actually defaulted on selective
payments in order to demonstrate its need for a debt restructuring.
Moldova managed to achieve an agreement on the restructuring during
the grace period and is therefore not considered a default.

When dealing with investors not tendering into the exchange, the
outcome can be very heterogeneous. In some cases, as in Moldova and
for most of the Ukrainian issues, a holdout minority could be bound into
an agreement through majority voting clauses.37 Pakistan remained

36 This results in the exclusion of some bond workouts, such as Russia (GKO and
OFZ restructuring in 1998, and MinFin III restructuring in 2000) or Paraguay
(default and restructuring of local bonds in 2003), among others. Besides that
there are numerous examples of private sector involvement in local debt swaps
(Turkey 2001), or bank loans (Ukraine 1998–1999). For those, see Sturzenegger
and Zettelmeyer (2005), Cline (2004), and Roubini and Setser (2004b).

37 There is no confirmed evidence that Ukraine settled with holdout investors in the
case of the D-mark eurobond. I thank Rolf J. Koch for providing related legal
documentation.
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current on all original obligations to avoid litigation. Although prefer-
ence will be given to the new issues, Uruguay clearly stated from the
beginning that debt service on the old claims will be continued. This
shows that holdouts did not present a major threat to soft restructur-
ings and were easy to settle; they are obviously a more important issue
for hard restructurings. Many suits are pending against Argentina, but
up to now no plaintiff has gained a clear victory. While there is no infor-
mation on holdouts in the Russian restructuring, Ecuador has backed
down holdout threats by either settling the accelerated claims or con-
tinuing the debt service. While this applied only to a very small fraction
of the total debt and did not receive much media attention, vulture in-
vestors are well aware of loopholes like this. It is needless to say that
full compensation (as Ecuador chose) creates incentives for free riding
and is not conducive for avoiding holdouts in future restructurings.

With regard to the number of instruments eligible for exchange and
the number of restructured instruments, it is obvious that a consol-
idation was desired in all cases. On the one hand, this is advanta-
geous to investors as trading liquidity becomes more concentrated.
On the other hand, it means that bonds with initially very differ-
ent contractual features—especially with regard to coupon and cur-
rency denomination—might be treated similarly in the restructuring.
Uruguay has presented an approach which leaves the choice to the
bondholders: investors were able to choose between the option to ex-
change their bonds into new issues with almost similar features but
longer maturity (“maturity extension option”), and the option to ex-
change them into larger and more liquid bonds (“benchmark bond op-
tion”). Almost two-thirds of bondholders chose the benchmark bond
option.38

As highlighted before, hard restructurings are characterized by
write-downs in the nominal value. The haircut in the Argentine ex-
change marks an extraordinary milestone. By not honoring past-due
interest in full, Argentina set a precedent which might be persuasive for
future restructurings.39 In soft restructurings, reductions in par value
are avoided. But recent cases might question this borderline as well.40

38 Since all benchmark bonds were denominated in US dollars, however, only 22% of
the issues denominated in another G7-currency were exchanged into the bench-
mark bonds.

39 Argentina, which defaulted in December 2001, was offering cash repayment of
past-due interest until 31-Dec-2001 and dated back the restructured bonds as of
31-Dec-2003, effectively repudiating two years of debt service.

40 In Dominica, investors had the choice between three instruments with the same
coupon but different maturities: 10, 20, and 30 years. If an investor prefers the
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Other bond features are also subject to modifications. In terms of
coupons, restructurings involve all kinds of changes. Only Uruguay’s
“maturity extension option” tried to maintain the existing coupon. Any
restructuring has pursued to expand the bond duration and average
life, as is shown in Table 3.2.41 It is striking that soft restructurings
implied only a moderate extension of duration and average life, while
hard restructurings seek an almost twice as high duration extension
with extremely back-loaded principal repayments. Hard restructurings
normally exploit the full maturity spectrum available on sovereign bond
markets, which used to be 30 years. With European sovereign bonds
now reaching maturities of 50 years and the creation of Argentine
“Quasi-Par” bonds with 41 years until maturity, the achieved extension
of the average life in restructurings is also expected to increase.

Table 3.2. Extension of duration and average life

Pre-restructuring Post-restructuring

Duration Average life Duration Average life

Argentina 6.6 11.8 14.8 28.2
DomRep 3.6 4.8 5.6 7.6
Ecuador 2.7 3.3 9.4 20.3
Grenada 5.4 10.0 13.0 19.9
Moldova 0.0 0.0 3.6 4.4
Pakistan 0.3 0.3 3.7 4.5
Russia 6.9 19.5 9.6 27.6
Ukraine 0.6 0.6 3.6 4.5
Uruguay 5.0 8.5 7.4 16.9

Average 3.5 6.5 7.9 14.9

Source: Author’s calculations. The duration given in the table is the weighted
average of payment times, applying a 10% discount rate to ensure comparability.
The average life is the duration of the principal payment. The measures given in
the table are an average per country weighted by their respective issue size.

All restructurings featured special incentives for investors to at-
tract participation; these are often referred to as “sweeteners”, while
here called “carrot” in contrast to “stick” features. Table 3.3 gives an
overview, even if some of these features may appear to be common

short bond, a principal haircut of 30% was demanded; for the 20 year intermediate
bond, a 20% haircut was deducted. Only the 30 year long bond was exchanged
at par.

41 See Section 4.2.7 for a definition of these measures.
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or self-evident. Traditionally, past-due-interest has always been paid
in cash, although this might change in the future. For example, Do-
minica offered cash payments only if bonds were tendered during early
stages of the offering period. Repayments of a fraction of the notional
in cash are only considered for issues which would originally have had
matured already (which was the case in Moldova) or are due in the
near future. Regarding the terms of the new claims, it is very popular
to use bonds which start amortizing before their final maturity. This
aims at an even cash flow pattern where principal repayments are less
likely to cause liquidity problems.42 Furthermore, the new terms can
provide incentives such as increased coupons or some kind of bonus,
like the GDP-linked warrant in the recent case of Argentina. Legal and
regulatory incentives can take many forms. Market standard are cross-
default and cross-acceleration clauses which exclude the original issues.
The most favored investor clause, stating that the same conditions have
to be granted to all investors, was designed to ensure that all partici-
pants in the exchange will benefit from any settlement under improved
conditions. After being used by Argentina in 2005 for the first time, a
cast-iron proof of its practical and legal effectiveness is, however, still
missing. If the restructured bonds are issued by a body of higher se-
niority, this is called debtor upgrade. In Russia, the old Prins and IANs
were issued by the state-owned Vneshekonombank while the new eu-
robonds are directly guaranteed by the Russian government. The use
of trust-indentures is becoming more popular since it prevents future
payments from being attached in the manner of the Elliott vs. Peru
case.43 Further legal provisions can offer insurance against repeated
default, for example by reversing the haircut (which was achieved by
issuing so called “contingent recovery rights” in the Ecuador restruc-
turing) or making the new bonds putable (as included in the Russian
restructuring). In most cases, regulatory sweeteners are only relevant to
local investors. Argentina, for example, started accepting government
bonds as liquidity requirement for local banks to prop up demand for
the bonds, and allowed for accounting the bonds at par value. Gaining
popularity, debt management clauses prescribe the issuer to buy back
bonds on the market. These buy backs can be mandatory or contingent
on the country’s payment capacity (as in the case of Argentina).

Plainly spoken, “sticks” include all measures in an exchange to make
the existing bonds less attractive. These can be unilaterally introduced

42 This lesson has been learned especially by Ukraine: their new bonds started amor-
tizing with the first coupon payment.

43 See, for instance, Gulati and Klee (2001).
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by the authorities (for instance by increasing the risk-weighting with
regard to the local bank’s capital-adequacy ratios) or agreed upon by
the investors in exit consents. The most common exit consents remove
the cross-default and cross-acceleration clauses from the old bonds and
lift the listing requirement.

Table 3.3. “Carrot and stick” incentives of restructuring offers

Carrot features Examples

Cash payment
Accrued or past-due interest almost all
Notional Moldova, Uruguay

Terms of payments and bonuses
Amortizing notional Argentina, Pakistan, Ukraine
Coupon frequency increase Ukraine
GDP-linked warrant Argentina
Liquidity increase Argentina, Pakistan, Ukraine

Legal incentives
Cross-default clause excludes old bonds DomRep, Uruguay
Aggregation clause Argentina, Uruguay
Most favored investor clause Argentina
Debtor upgrade Pakistan, Russia
Trust indenture DomRep, Ecuador, Uruguay
Default provisions Ecuador, Russia

Regulatory incentives
Liquidity requirement for local institutions Argentina (April 2001)
Accounting at par value Argentina (Nov. 2001)

Debt management provisions Argentina, Dominica, Ecuador

Stick features Examples

Exit consents
Amendment of cross-default clause Ecuador
Amendment of cross-acceleration clause Uruguay
Amendment of negative pledge clause Ecuador
Attachment prohibitions Uruguay
Delisting DomRep, Ecuador, Uruguay

Regulatory hurdles
Increased risk-weighting Uruguay

Source: Sturzenegger (2002), IMF country reports, prospectuses of offerings.
Features of bond exchange offers, making the exchange more attractive (so called
“sweeteners”, here referred to as “carrots”) and threatening holdouts (here referred
to as “sticks”).
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Majority voting has played a role in almost all restructurings to
change the contractual terms of the old bonds. This was hardly recog-
nized in the recent debate on collective action clauses. With regard to
the restructurings analyzed in this study, all bond issues with major-
ity voting were subject to either London or Luxembourg law. Thereby,
majority voting was applied in very different ways. Moldova applied
CACs to amend the terms of payment according to the restructuring
offer. Since the TCW asset management company held 78% of the out-
standing bonds, an agreement with this majority bondholder ensured
the required 75%-majority vote. Uruguay used the CACs contained in
its Samurai issue which presented the first use of CACs in Japan. The
conditions of the original claim were amended by a two-third majority
vote upon a minimum quorum of 50%. Because all other bonds issued
by Uruguay did not include CACs and had to be exchanged, such an ap-
proach has been called “hybrid”. However, the first country to actually
apply such a hybrid approach was Ukraine. While its D-mark bond did
not include CACs, Ukraine applied a quite innovative two-step mech-
anism to those bonds with CACs. In a first step, Ukraine invited the
investors—mainly investment banks and hedge funds—to tender their
bonds by granting an irrevocable proxy vote for the restructuring offer.
Once the government collected sufficient votes, it called a bondholder
meeting where the proxy votes were automatically cast in favor of mod-
ifying the terms of the old bonds. In a second step, all old bonds were
exchanged for new ones. Other countries, like Pakistan and Russia, re-
fused to invoke the contractual possibility for majority voting. Pakistan
simply feared the calling of a bondholder meeting which might be con-
ducive to investor coordination. It could be that the opponents of the
restructuring were over-represented in such a meeting. To understand
Pakistan’s concerns it has to be kept in mind that Pakistan was the
first country in which private sector involvement was strictly invoked
by the IMF, creating much resistance among the investors. According
to Sturzenegger (2002), Russia did not apply majority voting to avoid
giving the restructuring an involuntary character. More appealing is
the reasoning that the majority threshold of the Russian CACs was
exceptionally high—95% for Prins and 98% for IANs.

Recent developments show that a participation rate close to 100% is
not necessarily the conditio sine qua non for a successful restructuring.
For this reason, defining an ex ante participation threshold is becom-
ing less popular. In some cases, the participation threshold is dictated
by the majority requirement from CACs anyway, as it was the case
in Moldova. But in cases like Dominica, where the bonds were sub-



86 3 Sovereign Restructuring

ject to a legal dispute, the circumstances are too uncertain to meet an
ambitious threshold.44 The pioneer restructurings—those of Pakistan,
Ecuador, and Ukraine—have set a very high benchmark for realized
participation, 98% on average. These benchmarks were not touched
ever after. The 2005 mega-restructuring of Argentina has set a new
and unglamorous mark with 76.1%. As a result, the country received
massive critique from investors and banks and continues to struggle
with holdout litigation. The IMF has pressed Argentina to offer rea-
sonable compensation to holdout investors.

Some authorities considered a reopening of the exchange even af-
ter the official deadline or after the exchange was settled. The range
reaches from an extension of the deadline (as in Pakistan), or a re-
opening of the exchange offer after the successful settlement of the first
tranche (as in Ukraine), to the indefinite extension of the offer beyond
the deadline (as in Dominica). This is some kind of courtesy to those
investors who initially intended to hold out but were surprised by the
high realized participation rate, and better decided to tender.45 The re-
opening has to be considered as a mutually beneficial act, especially for
soft restructurings with attractive terms. In the case of hard restruc-
turings, a custom of reopening the offer appears like a real option to
investors and would create incentives to hold out. This discussion, how-
ever, might be of limited endurance only. As majority voting turns out
to gain dominance in facilitating orderly workouts, the future partici-
pation threshold for restructurings will be determined by the required
majority of votes.

The limited involvement of investors—in other words those who ac-
tually have to accept the losses—in drafting the exchange offer has
often enraged bondholders, especially retail investors. The recent clos-
ing of the Argentine restructuring offer fuels further disappointment.
While the governments try to depict their negotiation strategy as co-
operative, investors perceive an exchange often as an unilateral offer
and feel like they are left out of the game. The truth is probably found
somewhere in between. Formal negotiations, for instance, with some
representative body of all bondholders, are undoubtedly the exception.
There are two main reasons for this. First, it is often impossible to co-

44 Actual participation in Dominica was hindered by the fact that the bonds were
horizontally stripped into single zero coupon-like instruments and sold to a broad
investor base. As a result, it is almost impossible to persuade all holders of the
single zero coupon strips to tender their claims because investors’ interests are
very different and equality of treatment is hard to ensure.

45 In practice it also occurred that some retail investors simply missed the initial
deadline.
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ordinate a great number of investors—some hundred thousands in the
case of the restructured Argentine bonds. Against this background it
makes sense to build bondholder groups, which actually were on the
scene during the Argentine episode.46 Yet they were not able to solve
the coordination problem since they could not unite a critical mass of
bondholders. The power of representation groups appears basically to
be of a political kind, and therefore limited. Second, engaging in formal
negotiations only makes sense to the issuer if the results are binding
in any sense. This is the case when there are collective action clauses.
If either the portion of bondholders represented at a meeting does not
represent a sufficient quorum, or the competence of respective represen-
tative bodies do not allow for majority actions, it is hard to argue that
bondholder meetings would make any sense except for showing some
good faith.47 In a hard restructuring, the rational government usually
avoids formal negotiations due to the fear of creating a political stage
for its opponents.

Informal or indirect negotiations have been involved in all restruc-
turings. Indirect negotiations are facilitated by multilateral institutions,
mainly the IMF along its basic principles about good faith negotia-
tions.48 Most restructurings—except for Argentina and Moldova—were
accompanied by intact IMF programs under which an open dialogue is
favored. Other than that, countries make use of informal contacts with
bondholders and market participants. These range from open bond-
holder meetings and meetings with some large single bondholder to
informal contacts with asset managers and traders through their finan-
cial advisers (so called “market sounding”). This feedback usually en-
tails enough information to reach a conclusion about the bondholder’s
expectation regarding the restructuring.

This section has shown that certain patterns emanate from a wide
choice of options in sovereign restructurings. The practice of sovereign
workouts is under constant change, so some of the features will be sub-
ject to change in the future. Among those are the handling of past-due
interest and legal innovations, mostly collective action clauses. Even
without any centralized sovereign bankruptcy regime, the interaction

46 To name a few, the Global Committee of Argentine Bondholders (GCAB), which
acted as umbrella group in the end; the Argentine Bondholder Restructuring
Agency (ABRA), mainly active in German speaking countries; and the Task Force
Argentina (TFA) in Italy.

47 Usually, the necessary quorum for a majority vote requires two-thirds of the face
value to be represented at a bondholder meeting. See Dixon and Wall (2000), p.
144.

48 See International Monetary Fund (2002).
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between debtor, creditors, and the official sector definitely needs im-
provement. It has to be kept in mind that, as in any financial transac-
tion of considerable size, any dissemination of information can have a
high impact on markets and needs to be handled with care. The sit-
uation is especially complicated for sovereign authorities, given their
high level of public exposure and the nature of diplomatic manners.
A higher level of transparency with regard to consistent, reliable, and
timely information—as postulated and promoted by the IMF—is with-
out doubt desirable.

3.3.2 Resulting Present Value

What matters to investors most is the tradable value they receive in
the very end. The main problem in calculating the expected net present
value of the restructured claims is defining the appropriate discount
rate. A number of different approaches are available, depending on the
circumstances:

Benchmark curve by current bonds: In some cases prices of other
performing bonds of the same sovereign issuer are available, since
a restructuring might only include a certain class of instruments.

Benchmark curve by comparable sovereign: If there is some in-
dication of the credit standing after completion of the exchange,
a benchmark curve can be taken from countries with comparable
circumstances.

Constant exit yield: A constant discount factor is applied.

For evaluating the Argentine offer in early 2005, analysts used all
three approaches:49 First, the Argentine US dollar denominated Boden
bonds provided an Argentina-specific benchmark. This is disputable
for many reasons. It neither includes the improved credit standing of
the country after successfully closing the exchange nor reflects the fact
that the Bodens belong to a totally different class of claims ruled un-
der Argentine law and mainly owed to local investors. Second, the offer
was also evaluated using benchmark curves from Brazil and compara-
ble spreads from Ecuador. While indicative sources already suggested
that Argentina would receive a B- rating after the restructuring, Brazil
is rated BB- so that spreads are only a crude proxy. B- rated Ecuador,
recently shaken by a crisis, has only two bonds of comparable character-
istics outstanding which can only give a rough sketch of the term struc-
ture curve. Third, and by far the most frequently applied approach, a
49 Analyses from Commerzbank, CSFB, Deutsche Bank, DrKW, JP Morgan, and

some smaller banks were surveyed.
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constant discount factor, most prominently 10%, is used. Less based on
scientific reasoning, this flat discount rate can be an acceptable rule of
thumb when reflecting overall market circumstances.

For the sake of a country-by-country comparison in this study, a
constant exit yield is applied. To show the sensitivity of the present
value to this choice, Figs. 3.2 to 3.7 illustrate the net present value
(NPV) under different exit yield assumptions.50 The value considers
the total of cash payments and new bond value offered for one dollar
of face value from the old securities plus accrued interest and past-due-
payments, if any. The illustration shows that comparing the NPV result
of restructurings is sensitive to the exit yield assumed. The sensitivity
is higher the longer the maturity of the restructured instrument is.

Fig. 3.2. Net present value Argentina
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Global 2008 - discount bond (USD)
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Eurobond 2008 - discount bond (EUR)

Source: Author’s illustration. Net present value of of restructuring offer per one
dollar of face in original securities under different exit yields.

A reality check is provided in Table 3.4, as the realized yields can
be compared to the 10% exit yield assumption. In the first column, the
“adjusted exit par yield” is defined as the theoretical yield at which the
restructuring bundle—including new bonds and cash received per one
unit of original face value—would equal par. At this yield, one dollar of
face value in the original claim would be valued at one dollar after the
restructuring. At current interest rates, this shows that the Argentine
risk spreads would need to become negative for the restructuring to

50 Only a selection of all different combinations between eligible and restructured
instruments is shown.
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Fig. 3.3. Net present value Ecuador
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Source: Author’s illustration. Net present value of of restructuring offer per one
dollar of face in original securities under different exit yields.

Fig. 3.4. Net present value Pakistan
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Source: Author’s illustration. Net present value of of restructuring offer per one
dollar of face in original securities under different exit yields.

equal par. The same applies to Russia. The Ecuador offer—the one
with the third largest haircut—would be valued at par at a discount
rate between 7.2% and 9.4%. Because spreads in Uruguay have not
been extremely high before the restructuring, the exit par yields were
comparably low around 6.7% to 8.5%. The difference of one percentage
point in coupons results, for Ukraine, in significantly different exit par
yields, around 16% for the dollar bond and 10% for the euro bond.
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Fig. 3.5. Net present value Russia
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Source: Author’s illustration. Net present value of of restructuring offer per one
dollar of face in original securities under different exit yields.

Fig. 3.6. Net present value Ukraine
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Fig. 3.7. Net present value Uruguay
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Source: Author’s illustration. Net present value of of restructuring offer per one
dollar of face in original securities under different exit yields.

In the following columns, the table shows the actual market yields
from the first trading day (commonly called “exit yield”, not to be
confused with “exit par yield”), as well as market yields from six, 12,
and 24 months after the settlement date. Apparently all realized market
yields were high, indicating that the restructuring did not wipe out
all distress phenomena immediately. Since the market yields are much
higher than the corresponding par yields, all restructured bonds traded
at significant discounts from par. Only in the softest restructuring seen
so far, Uruguay, a 10% exit yield assumption proved ex post realistic.
The same applies to Argentina only six months after the restructuring,
paying tribute to the exceptionally low emerging market risk premia in
2005. The experience from these restructurings teaches that countries
which recently underwent a restructuring have to expect yields above
their market peers.
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For comparing the NPV reductions resulting from restructurings,
different approaches are possible. The popular term “haircut” mostly
regards the exchange ratio, i.e. the change in face value. This cannot
be the whole story, since maturity and coupons are other important
determinants of the bond value.51 Therefore, it is more advisable to
compare the present value of a bond’s promised cash flows, be it by
looking at market prices or by discounting future payments.

A new way to illustrate the character of a restructuring is to plot
the pre-restructuring value against the net present value received after
a restructuring. To ensure comparability, Figure 3.8 uses a constant
exit yield of 10% for all countries although the overall picture is in-
sensitive with regard to the exit yield applied. This type of illustration
makes it possible not only to assess the net present value implications
of the restructuring, but also to account for the differences in trad-
ing value prior to the credit event. Since the characteristics of single
bonds—such as maturity and coupon—can differ widely, inter-creditor
equality should also mean that the restructuring accounts for the dif-
ference in trading value. As the figure unveils, two extreme cases are
observable. In Argentina, as one extreme, all investors were basically
offered the same terms of the restructuring regardless of the initial bond
characteristics. The 2003 11% Italian lira bond, trading at par in June
2001, was treated the same way as the 2031 12% capitalizing US dol-
lar bond, trading at 76%. In Figure 3.8, this results in a scatter band
around a horizontal line. Argentina, Ecuador, Pakistan, and Ukraine
offered similar terms to different bondholders, resulting in points on
an almost horizontal line.52 The other extreme is Uruguay. For most
eligible bonds, the restructuring offered a direct counterpart with com-
parable characteristics except for a longer maturity. In the figure, such
an approach results in points lying on an upward-sloping regression
line.53

When interpreting Figure 3.8, two caveats have to be kept in mind.
First, a flat discount factor does not reflect an usually downward slop-
ing term structure. This can impact, for instance, Uruguay since the
short-term bonds traded at a significantly higher yield right after the
restructuring (see Table 3.4). Second, the choice of the period of six

51 Sturzenegger and Zettelmeyer (2005) show that NPV losses are mostly unrelated
to principal haircuts.

52 Not considered here are Brady bonds which received differential treatment in
Ecuador and Argentina.

53 A regression of the points representing a selection of Uruguay exchange options,
the intercept is 0.65 and the slope coefficient is 0.41. If the intercept is set to zero,
the slope coefficient is 1.75.
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Fig. 3.8. Market price before and NPV value after the restructuring

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0.00 0.20 0.40 0.60 0.80 1.00 1.20

Market price six months prior to credit event

N
et

 p
re

se
nt

 v
al

ue
 a

t r
es

tr
uc

tu
ri

ng

Arg-Par

Arg-Discount

Ecu-2012

Ecu-2030

Pak

Rus

Ukr (EUR)

Uru-Mat

Uru-BM

Source: Author’s illustration.
Comparison of market prices six months before the credit event—mostly default
or restructuring, whatever is first—and the net present value received in the
restructuring at a discount factor of flat 10%.

months before the credit event is somehow arbitrary. It is debatable
at which point in time the market participants could foresee the re-
structuring. Although this depends on the individual circumstances,
a six month time span before the respective credit event is a reason-
able choice. At this point in time, crisis symptoms are already priced
into bonds, but there is not yet certainty about the restructuring and
its terms. Actually, bond prices in Uruguay were lower six months be-
fore the exchange, but recovered in the following months since fears
of a hard restructurings decayed and the cooperative and soft nature
of the restructuring became clear. Similar effects can be discussed for
each country although the base message of the plot remains, namely
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the fundamental difference between an equalizing restructuring (like
Argentina) and a differentiating restructuring (like Uruguay.)

3.4 Lessons for Investors

Restructurings often mean different things for investors than they do
for the countries themselves. While the economic relief granted by a
restructuring is one story, the effects on the international capital mar-
kets can be quite a different one. The question is how well investors
with commercial interests (in contrast to concessional lending by the
official sector) actually fare in restructurings. This section sheds light
on the returns on an investment realized during recent restructurings,
and draws conclusions with regard to what recovery value should be
expected.

3.4.1 Investor Returns

While a credit event like a restructuring with or without previous de-
fault might be foreseen by market participants, it is worth looking at
the resulting returns for investors during a longer period of time. Figure
3.5 shows returns during different holding periods.

The credit event is defined as the date of the actual default or the
opening date of the restructuring offer, whichever comes first.54 This
date marks a clearly recognizable milestone in the restructuring process
and is less ambiguous than the beginning of the renegotiation process.

Using these milestone dates, table 3.5 shows the annualized return
for different kinds of investment strategies during restructurings: first,
a buy-and-hold investor who bought six months before the credit event
and holds on until 24 months after closing of the restructuring;55 sec-
ond, an investor who bought six months before the credit event but sold
the issues at the opening day of the exchange; third a vulture investor
who bought original claims at that day, tenders it into the restructur-
ing, and holds the new instruments until 24 months after the exchange
became effective; fourth, the simple return of an investor who bought
the old instrument at the date of the exchange opening and sold the
new instrument on its first trading day. The last, fifth column shows an
investor who bought the new issue on its first trading day and holds it
54 As default date this study chooses either the day of the official default declaration

(as in Argentina), or the end of the idle grace period for pari passu ranking
liabilities.

55 The respective time horizon for Argentina is six months.
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for 24 months. Keep in mind that financial distress in all of the returns
was evident even six months before the actual credit event.

This analysis differs from the view taken in Sturzenegger and
Zettelmeyer (2005). The authors claim that an ex post analysis which
compares the market value of the original bond with the resulting mar-
ket value of all cash and claims received after the restructuring is, at
its most basic level, a test of market efficiency; The rational market
value right before the restructuring should be nothing else than the
expectation about the terms of the restructuring and the participation
rate. Therefore, such a comparison would mainly measure how well the
market was informed about the upcoming restructuring and whether
the market reacted rationally to this information. It has to be borne in
mind though that investors usually prefer to tender at the latest pos-
sible moment which might be weeks or even months after the opening
date. It is usually during this time span that new valuable information
about the fundamental situation, as well as about the level of partici-
pation and the holdout litigation strategy, arrives.

However, alternative approaches can pose other disadvantages. Stur-
zenegger and Zettelmeyer (2005) use exit yields of the new instruments
to price the original claim and compare the post-restructuring mar-
ket value with the pre-restructuring NPVs at those yields. A number
of practical complications arising from this approach are already ad-
dressed in their paper.56 The main problem of such an approach, how-
ever, lies in the fact that a restructuring is intended to improve the
fundamental creditworthiness of a debtor. For this reason, using post-
restructuring yields distorts the picture exactly in those cases where
the restructuring has successfully contributed to lower spreads. If a
very hard restructuring (like Argentina) helps to reinstall the long-term
solvency and significantly reduces the risk spreads, this approach exag-
gerates the perceived “haircut” since the pre-restructuring NPV would
become unrealistically high in comparison to the pre-restructuring bond
price. Considering these pros and cons, this study chooses to compare
gains and losses from restructurings by looking at realized (in contrast
to theoretical) investment returns during different holding periods.

56 The new bonds might have a different maturity structure or there are not enough
bonds to derive the structure of the term structure from them. Furthermore, it
can be problematic to compare pre- and post-restructuring yields when the re-
structuring includes a change in currency, seniority, jurisdiction, or some financial
innovation such as GDP-linked bonds.
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Annualized returns for Argentina in Table 3.5 reflect the extraordi-
narily long period between default and restructuring. This makes losses
on the old instruments appear less severe than the actual price drop
suffered during the second half of 2001. After some legal skirmishes,
the new bonds commenced trading in June 2005, immediately realizing
considerable gains to those investors who tendered their bonds.

Buy-and-hold returns for Ecuador have been negative despite de-
clining overall spreads as represented by the EMBIG. Investors real-
ized the largest losses when selling the old instruments right before the
exchange. The exchange itself was an unexpected success, rewarding
those who bought old instruments and tendered them with a simple
return of up to 45% for the fixed coupon bond, mainly due to the high
cash component from past due interest. During the next two years, the
return on the new instruments was slack, since Ecuador did not achieve
a substantially improved credit standing and was downgraded by S&P
from B- (which was received after the restructuring) to CCC+ in April
2001.

In Pakistan, bond prices started to tumble 18 months before the ac-
tual restructuring took place. Before that, bonds traded around par—a
level which was not reached again until two years after the exchange.
The restructuring period shows a very mixed picture. As prices did not
converge (although the eurobond was putable in February 2000) but
the exchange ratio was almost similar for all instruments, the exchange
itself had a very uneven impact. The price recovery of the new instru-
ment amounted to about 12% annually. S&P maintained its B- rating
during this period.

The situation in Russia is marked by the big bang of the Russian
crisis and a remarkable recovery which continues until today. The cal-
culations use the default of the Prins on December 2, 1998 as date
of the credit event because Russia defaulted on several instruments in
succession. After the restructuring, all instruments gained from Rus-
sia’s fast recovery, increasing by about one quarter in value annually.
Overall buy-and-hold returns are considerable for the MinFin III bond
since no haircut was required.57

Market prices for Ukrainian bonds are only available for the 2000
dollar eurobond and the 2001 16% D-mark bond. Bond prices suffered
only moderately after the restructuring announcement since Ukraine’s
creditworthiness was under dispute for some time. Due to the cut in
coupons, the rent of the exchange turned negative although the fol-

57 While IANs and Prins were issued under English law, the MinFins obey Russian
legislation and do not include cross-acceleration clauses.
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lowing price recovery was remarkable. While investors who bought the
new issue gained 30% annually, buy-and-hold investors could realize an
annual 11% return throughout the crisis.

As can be seen from the returns in the six month period before the
exchange opening, the preventive Uruguay restructuring was perceived
as a relief after a period of uncertainty: the open communication policy
helped prices to recover even before the closing date. Investors who were
holding old issues throughout the six months prior to the offer realized
an annualized return of more than 30% on average. The restructuring
itself offered a return of another 30% on average (except for the 2003
global bond which had a remaining life of six months). After the trans-
action, recovery of bond prices was moderate and remained close to the
overall market returns of emerging market bonds.

Overall, the table proves evidence that buy-and-hold investors who
bought six months before the credit event (especially when the country
is already in distress) did not have to accept losses in market value
terms. Investors may also have benefited from the fact that so far all
restructurings became successful transactions with high participation
rates and robust market confidence. The simple return of a restruc-
turing exchange—buying and tendering the original instrument and
selling the new one on its first trading day—has been very significant
in all cases. When looking at the return of an investor who sold on the
credit event (which can be compulsory for some institutional investors)
it seems that they have already weathered the worst. Once in distress,
there is no evidence that the market condemns a restructuring.

3.4.2 Modeling the Recovery Value

By describing the customs of ad hoc sovereign restructurings, the above
has identified some patterns which should be properly reflected in a
model to value sovereign bonds. The objective of this exercise is to
correctly incorporate the usual conditions of sovereign restructurings
in the pre-default value of sovereign bonds. Models of credit risk achieve
this by adjusting the risk-free bond price by the probability of default,
assuming some recovery value to be paid upon such a credit event.
Bringing models of recovery value in line with the stylized facts is the
focal point of this section.

Up to now, this issue has not been cultivated much in sovereign
risk valuation. As pointed out in Chap. 2, indicators of country risk
are used in empirical studies to determine the risk spread, or the yield,
of the respective country. This measure applies uniformly to a country
according to an index of credit risk, such as the average country risk
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spread measured by the EMBIG. This gives little guideline for pricing
pricing single bond issues.

When looking at single bonds or the term structure of risk premia,
market practitioners mostly assume an exogenously and invariant re-
covery value, either as a fraction of the pre-default market value or as a
fraction of face value. In contrast to academia, however, market practi-
tioners are aware of the distinction between bonds trading on a “yield
basis” or a “price basis”. The former refers to a set of bonds subject to
the same default risk and presenting a smooth term structure of yields.
This is the normal case in the absence of significant default risk and
gets reflected by modeling recovery as fraction of market value. When
bonds are traded on a price basis, however, the yield curve is little infor-
mative as the bonds trade at roughly the same price, mostly far below
par. The resulting yield term curve is inverted and often jagged. This
occurs upon fears of a pending default which is expected to lead to an
equalizing restructuring as discussed in the previous section. Models of
credit risk resemble this situation by assuming a recovery of face value
(RFV).

These alternative concepts of modeling recovery present a start-
ing point for reevaluating the recovery expectations. Theory and prac-
tice have been focused on the widely applied recovery of market value
(RMV) concept.58 In this framework, the expected recovery value is a
fraction of the survival-contingent market value under the same risk-
neutral probability measure.59 The beauty of this assumption lies in
the fact that the recovery rate and the default intensity merge into one
number, being the product of both. The term risk spread often refers to
this product and is often compared to other spreads like credit default
swap (CDS) spreads, although these obey different recovery assump-
tions.60

Although simple and popular, this concept has both pros and cons
when applied to risky sovereign bonds. In one sense, the RMV concept
often results in a negative correlation of the default probability and the
recovery value. When spreads rise in financial distress, it is correct to
assume that this originates in a rise in the default probability. Since this
lowers the survival-contingent market value, the RMV scheme assumes
ceteris paribus that the recovery fraction per one unit of face value is

58 See Duffie and Singleton (1999), p. 691.
59 See Sect. 4.4 in Chap. 4 for a more formal presentation.
60 The payoff of a CDS contract given default is the face value minus the post-

default value of the cheapest-to-deliver bond, thereby mimicking the recovery of
face value scheme. See Chap. 6.
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declining as well. Thinking in terms of such a recovery of face value con-
cept, this results in a negative correlation between default probability
and RFV recovery fraction which is supported empirically. In the case of
sovereign defaults one could correctly presume that the later in a crisis
a default takes place, the lower the recovery value would be. Conversely,
the RMV concept has a major shortcoming for two reasons. First, the
RMV concept does not account for equal treatment in the sense of pari
passu ranking after default.61 The underlying economic reasoning is as
follows. In the case of default, the only contractual lever investors can
pull is acceleration.62 Due to the common cross-acceleration clauses in
pari passu ranking bonds, all these bonds are immediately repayable at
par if a certain minority of all bondholders votes for acceleration. Other
bond characteristics like maturity and coupon (which are responsible
for the bonds to trade at different prices) lose their relevance.63 From a
legal stand point, all bonds should be treated equally and receive com-
pensation according to their respective par value. In a restructuring,
the corresponding approach would exchange any number of different
bonds (with different coupons and maturities) into one new issue. This
has been the case, for instance in Pakistan. Argentina and Ukraine are
additional examples. Second, the RMV approach does not provide a
lower bound for bond prices in distress which poses problems when the
credit event is imminent. Once default appears to be inevitable and the
default probability is therefore extremely high, the model bond price
would collapse to close to zero under the RMV framework. But em-
pirical observations show that sovereign bond prices have some lower
bound even when close to default. This arises from the investors’ ex-
pectation of receiving at least some lump sum even in the worst case.
Since it does not make much sense to assume that the recovery frac-
tion of market value would then increase to some multiple of one, such
a lower bound can better be modeled by assuming a certain recovery
fraction of face value.

The above is not only true for traditional cases of credit events like
a payment default followed by a hard restructuring. While voluntary
debt swaps (as argued in Sect. 3.2.2) have generally no specific price
impact and, ideally, do not constitute a credit event, soft restructur-
ings do. Considering them as a valuation-relevant event (similar to hard
restructurings) is appropriate for three reasons. First of all, a soft re-

61 See Duffie and Singleton (1999), p. 702.
62 Upon an event of default (i.e., after the grace period), each individual holder is

entitled to declare the principal amount to be due and immediately payable.
63 Except for due but not yet paid interest.
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structuring is comprehensive. While any selection of bonds can become
eligible in voluntary debt swaps, a restructuring presents one compre-
hensive transaction including all bonds of equal ranking. Secondly, a
soft restructuring is exclusive. Any restructuring marks the end of a
story and is the last measure taken in a crisis. Up to now, a soft re-
structuring has been an appropriate instrument to halt a debt crisis
and therefore makes another debt swap or a hard restructuring in the
near term unnecessary. If a restructuring is not ill-designed, a soft re-
structuring serves its purpose of granting short-term cash flow relief
and ensuring medium term debt sustainability.64 Lastly, a soft restruc-
turing bears some costs to the bondholder by definition. As is evident
from Table 3.2, a soft restructuring usually extends the maturity struc-
ture. In some cases, a reduction in coupon or some grace period is also
included which will not be made up by sweeteners. In terms of bond
valuation, this affects the inputs into the bond value formula. Even
if markets might react positively to a soft restructuring and market
prices recover, any kind of restructuring features a credit event and
bears some NPV implication.

Figure 3.8 provided evidence from past restructurings which enforces
the distinction of RMV and RFV approaches. An equalizing restruc-
turing offer (like Argentina) represents an RFV-type restructuring as
holders of all bonds are offered the same exchange options, irrespective
the original bond they hold. This results in points scattered around a
horizontal line in Fig. 3.8. Differentiating restructuring offers, in con-
trast, take the terms of the original bond, as reflected by its maturity
and coupon etc., into consideration. As these differences in bond char-
acteristics lead to different bond prices, a differentiating restructuring
would produce points around a significantly upward sloping line in the
graph. By means of a simple regression, Table 3.6 presents supporting
evidence for this notion from Argentina and Uruguay. The regression
uses the post-restructuring NPV value as dependent variable which is
regressed on a constant and the pre-restructuring market value.65 On
the one hand, the result supports the view that Argentina, the tough-
est restructuring seen so far, obeys an RFV scheme of recovery. On
the other hand, Uruguay, the softest restructuring so far, was not a
purely RMV-like restructuring (as might be supposed when looking at

64 Of course, there is no theoretical obstacle to repeated restructurings.
65 This regression uses the data of all restructured bonds (excluding Bradies) for

which clean market prices have been available and weights them equally. The
low number of observations for Ecuador, Pakistan, Russia, and Ukraine make it
impossible to derive meaningful numerical results.
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the terms of the exchange) but suggests a mixture of both RMV and
RFV concepts.

Table 3.6. Regression of recovery values

Country Intersect Slope df R2

Argentina 0.38*** -0.06 12 15%
Uruguay 0.53*** 0.58*** 18 36%

Source: Author’s calculations. Regression of the net present value at a 10% discount
rate offered in restructurings on a constant (mimicking the RFV scheme) and the
respective clean bond prices (mimicking the RMV scheme) six months prior to the
credit event.

These observations and findings are neither conclusive nor irrefutable.
Nevertheless they make a strong point which can be underpinned by
rational arguments. Soft restructurings are already the predominant
way (and will be applied even more frequently) to ease and resolve
upcoming debt problems. Although bond prices suffer from the accom-
panying economic circumstances in these situations, they do not col-
lapse, and price differences are maintained. A soft restructuring offer
will be designed in a way that it leaves the investor options to choose
from and will respect the differences in the original claims in order to
ensure high participation throughout all single bond issues and avoid
holdouts. Uruguay is the best example.

However, any restructuring will present a lower bound for the re-
covery of par value where the notional amount is the creditor’s most
indisputable claim. Coupons, embedded options and other contractual
benefits can get nullified in case of acceleration. Hard restructurings
are likely to align the compensation with the initial notional claim in-
vestors hold. Argentina is the best example for this case, but basically
all restructurings bear resemblance to this fact by equally honoring
compensation for the notional claim of each bond. As the above regres-
sion has shown, this can be said about Uruguay to a certain extent as
well.

3.5 Concluding Remarks

The expansion of sovereign issuers from emerging countries into the
international capital markets requires a different attitude towards re-
solving debt problems. Two decades ago, bank loans and bilateral debt
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dominated the picture and commercial creditors aimed at restructur-
ings which preserved the book value of their claims. Today, investors of
listed bonds strive for a quick turn around of the distress situation in
order to facilitate trading liquidity and a rebound of secondary market
prices.

This has led to the distinction of liquidity crises in which a collec-
tive action problem of short-term refinancing needs to be overcome,
and solvency crises which require a contribution from all stakeholders.
Any path to crisis resolution is undoubtedly paved by the strategic
behavior of multiple parties in a political process. However, holdout
and litigation can be expected to play a smaller role in the future. The
increased inclusion of collective action clauses in bond contracts will
deprive minority groups of the power they currently enjoy. Preventing
vulture investors from blocking sovereign restructurings seems to be
the will of policy makers. Argentina is currently testing this stance,
and more countries can be expected to follow this route once solvency
problems emerge. From an investor’s point of view it will become more
desirable than ever to address debt problems at an early stage.

Besides establishing a pattern of resolving debt problems created by
international sovereign bonds, this chapter describes the technicalities
of restructuring offers. A look at the realized recovery values yields a
new view on the meaning of inter-creditor equality within one class
of equal ranking claims. It has always been the case that different
bonds—possibly denominated in different currency, underlying differ-
ent legislation, or held by different investor groups—are not priced
homogeneously. While inter-creditor equality forbids preferred treat-
ment for particular investor groups, honoring initial price differences in
a restructuring has not been seen as a violation to the equity princi-
ple. Past restructurings are found to show a range from equalizing to
differentiating recovery values.

Soft restructurings, which should be expected to dominate future
resolution efforts, try to avoid a coercive character and are therefore
more likely to offer attractive terms. Issuers might also consider such
offerings to consolidate their debt and exchange existing bond contracts
for new ones which include collective action clauses. Notwithstanding
such transactions, the necessity (and their political prerequisites) for
hard restructurings might arise. In this case, investors should be pre-
pared to accept decisive “haircuts” but can hope for a significantly
improved credit standing afterwards. However, as bond prices usually
lose most value before the initiation of a restructuring, the analysis
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reveals that a distressed exchange itself has resulted in a remarkably
positive return on investment in most cases.

From the vivid discussion about sovereign debt restructurings it is
likely that these customs may undergo considerable changes in the fu-
ture. However, the current setting already bears a direct impact on
the way default and recovery risk influence sovereign bond prices and
differs from the way corporate credit risk is modeled. This chapter has
mapped the stylized facts from recent restructurings to the two dom-
inant ways of modeling recovery, the RFV and RMV concepts. The
following Chap. 4 builds on this by providing a mathematical formal-
ization and suggesting a recovery model incorporating a mixture of
both the RFV and RMV concepts. The resulting bond value model is
empirically applied on sovereign bonds in Chap. 5 and sovereign credit
default swaps in Chap. 6.



4

Modeling Sovereign Default Risk

The crucial question every investor asks before buying or selling a
sovereign bond is whether the current market price is fair or whether
it is supposed to rise or fall in the future. Every investor on his own
implicitly applies some kind of bond valuation model. Such a model can
vary from pure speculation about the markets’ response to upcoming
events, to an all embracing model of the global economy.

While the theoretical literature is interested in the development of
sound models which replicate logical relationships and derive implica-
tions from underlying assumptions, the empirical literature looks at
the real world outcome—the bond price. This is the aggregation of
individual investors’ calculus and their investment decision, serving as
input for this empirical study. This empirical study will try to disaggre-
gate the observed, revealing how a representative investor could have
evaluated a sovereign bond.

This disaggregation, in turn, relies heavily on theoretical models of
the pricing of credit risky claims. Any given result is conditional on
the model applied. There is no guarantee that this model is “true”.
Furthermore, empirical work can only produce evidence about factors
of actual influence. A well designed empirical study faces the following
challenges: First, the underlying model needs to be a reasonable replica-
tion, both theoretically and intuitively appealing, of investors’ calculus.
Second, model and data need to fit together, providing a reality check
on whether the empirical model represents a reasonable approximation
of the “true” model and reflects the most relevant factors of influence.

What does this mean with regard to this study? The real world
outcome researched here is the bond prices from sovereign issuers in
emerging markets. These prices are the result of trading activity which
emanates from individual investors’ decisions to buy or sell. The trading
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price represents the sum of the expected present value of future cash
flows from the respective bond. This is influenced by the choice of the
discount factor and the occurrence of a default or restructuring. Finally,
the question arises whether the applied inputs to the bond value were
chosen appropriately according to the sovereign’s economic capacity
and willingness to fulfill the contract.

This chapter addresses the issue of how to accommodate all these
individual components in one model for the bond price. In accordance
with so called “reduced form models”, unobservable, purely construc-
tive variables are used for calculating measures like the default prob-
ability and the recovery value from restructurings or default. These
measures, best suited to value bond contracts, are then estimated in
Chapter 5.

The objective of this chapter, however, is to develop a sound model
along two conditions. First, the model needs to reflect the particulari-
ties of sovereign bonds such as high coupons and long maturities and
several bond issues outstanding sharing the same seniority but show-
ing totally different characteristics. Second, the model needs to remain
tractable for the empirical estimation. While it is theoretically possi-
ble to consider all potential influences on the bond price in the model,
the empirical researcher must always balance the trade-off between the
empirical richness of the model and its computational manageability.
Specifically, the available empirical data needs to provide sufficient in-
formation to calibrate the model, otherwise the estimation will not
converge and results will not prove robust.

With this caveat in mind, the structure of this chapter is as follows.
Section 4.1 offers a short review of the literature specific to credit risk
modeling and bond valuation. Section 4.2 introduces the mathematical
foundations of analyzing bonds. The following section, Sect. 4.4, looks
specifically at modeling the recovery value within the previously de-
scribed frameworks of credit risk. These sections have been designed to
suit a less technical audience as well and lead beyond the scope essen-
tial for understanding the empirical sections following in Chaps. 5 and
6. Finally, Sect. 4.5 outlines the empirical strategy utilized to imple-
ment the model of sovereign bond valuation in order to derive implied
default and recovery parameters in the next chapter.

4.1 Literature Review

The following gives a short review of the development of the credit
risk literature. While this review is not comprehensive, it offers many
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suggestions for further reading and provides a glimpse of how research
addresses the valuation of fixed income instruments and credit deriva-
tives.1

Any valuation approach of future cash flows uses a discount factor
to determine today’s equivalent value of future payments, namely, the
present value. The literature on term structure modeling establishes
consistent patterns of discount rates for a continuum of maturities,
which can be calibrated to observed interest rates. The seminal contri-
butions by Vasicek (1977), Cox et al. (1985b), Brennan et al. (1979),
and Brennan and Schwartz (1982) have introduced stochastic processes
to describe the shape of the term structure. A large body of today’s as-
set pricing literature is based on these findings. Ho and Lee (1986) and
Hull and White (1990) have introduced arbitrage-free models which
can be fit to today’s term structure of interest rates without creating
arbitrage opportunities under the assumption that investors are risk
neutral. Models with more than one stochastic factor were put forward
by Duffie and Kan (1996) and Hull and White (1994) which allow for
a richer pattern of the volatility structure than the previous one-factor
models. The volatility term structure of the interest rates is thereby
hump-shaped with a declining interest rate volatility in the distant fu-
ture.

The credit risk literature draws heavily on these approaches, as will
become apparent in the following sections. In general, credit risk is con-
sidered to be the risk of contractual failure to pay. This definition is very
narrow. As Chap. 3 has shown, sovereign bond contracts are subject
to renegotiations without necessarily accumulating arrears beforehand.
Yet this does not contradict the general concept of “default” in the
literature on credit risk pricing which assumes default to institute a
certain point in time at which the original contract is surrendered and
replaced by some recovery value.

Two major approaches, structural and reduced form models, have
emerged from the literature on corporate credit risk on how to model
the probability of a credit event at a certain time.

4.1.1 Structural Models

Structural models were initially based on the notion that corporate
debt can be interpreted as a short put on the firm value. Also referred
to as the “firm value approach”, default is triggered when the firm

1 Common text books on this topic are Ammann (1999), Bielecki and Rutkowski
(2002), or Schönbucher (2003).
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value slips below its contractual debt obligations. Merton (1974) models
default as a situation in which assets to pay down the maturing debt
are insufficient, drawing on the common option pricing framework by
Black and Scholes (1972). The first passage time approach abstracts
the initial idea by defining the default as the first point in time when
some measure of the repayment capacity (such as a company’s cash
flows or its assets-liability-ratio, not exclusively the firm value) drops
below some threshold. A large number of other authors have devoted
their work to this approach, like Black and Cox (1976), Brennan and
Schwartz (1977), Geske (1977), Brennan and Schwartz (1980), Leland
(1994), Longstaff and Schwartz (1995), Leland and Toft (1996), Zhou
(1997), and others.

Applying structural models on sovereigns is not straight forward
since a sovereign country is not assigned an entity value. By the use
of other indicators of debt capacity, the structural approach was trans-
formed to suit sovereign credit risk. For instance, Kulatilaka and Mar-
cus (1987) model GDP as a stochastic process which determines debt
capacity. Debt servicing is seen as a drag on future GDP growth so that
a country decides to default when the costs of the default sanctions be-
come lower than foregone GDP growth. Karmann and Maltritz (2002)
use foreign reserves and net exports as an indicator of the ability to pay,
which is assumed to follow an Ito process. Using market quotes of the
risk-free rates and the current country spreads, the authors calibrate a
Merton-like model using the Black-Scholes formula for a put option.2

The approach by Claessens and Pennacchi (1996) can be seen as a bor-
derline case as they assume an unobservable variable to represent the
debt servicing capacity in a first passage time model. Debt capacity is
modeled to follow a random walk with drift where default occurs when
the process hits zero. By using a Kalman filter, they calibrate their
model to Mexican Brady bonds.3

4.1.2 Reduced Form Models

Default risk in structural models arises endogenously from the course
the repayment capacity takes in relation to the debt obligations. In
contrast, reduced form models assume default risk as an exogenously
specified process and therefore avoid specifying the payment obligation
2 Their model calibration for four countries, however, shows similar drawbacks as

the initial Merton (1974) model in that the long-term risk spreads are much too
high.

3 For other structural approaches to sovereign risk see also the unpublished work
of Westphalen (2001) and Rocha and Garcia (2005).
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and debt capacity. When this exogenous process concerns the proba-
bility of default only, this is referred to as an intensity-based approach.
Under risk neutrality, implying that no risk premium compensates for
the uncertainty about the realized outcome, the intensity process spec-
ifies the instantaneous probability of a credit event. It is therefore also
referred to as hazard rate process. While this process remains an ab-
stract, unobservable measure without providing any link to the funda-
mentals, it proves extremely useful for pricing defaultable claims of any
sort, partly due to its computational convenience. A large number of
authors have made significant progress in this area, such as Heath et al.
(1992), Jarrow and Turnbull (1995), Madan and Unal (1998), Lando
(1998), Duffie and Singleton (1999), to mention just a few.

Among the reduced form models, there are two broad subcategories.
Equilibrium models follow the methodology of the term structure mod-
els for risk-free rates and obey the no-arbitrage rule. In general, arbi-
trage pricing prevents the possibility that an investor can “lock in” an
arbitrage profit by conducting offsetting transactions (such as a credit-
financed spot purchase and a future sale). This theoretically appealing
feature ensures that the dynamic evolution of yields is consistent with
the current term structure of yields, i.e., that time series and cross sec-
tional data are dimensionally consistent. Assuming a similar stochastic
process for the hazard rate, the risk adjusted discount rate simply be-
comes the sum of the risk-free spot and the hazard rate under risk
neutrality. Affine term structure models are based on this result and
build the discount rate from a linear function of stochastic state vari-
ables, assigning each variable a different meaning (such as short and
long-term risk premium, or liquidity premium).4 Another advancement
of these models was made when the state variables were allowed to
be correlated, referred to as non-linear affine models (Longstaff and
Schwartz (1992), Balduzzi et al. (1996), Dai and Singleton (2000), Duf-
fee (2002)). In empirical applications, this characteristic is useful in a
deep and efficient bond market which applies to U.S. Treasuries rather
than Ecuadoran eurobonds. While the fit of a multi-factor affine model
can be satisfactory, it can quickly become very complex and abstract,
which is problematic for empirical estimations.5

This became an argument to consider parsimonious models for fit-
ting the term structure of risk spreads (Diebold et al. (2005)). While
receiving less attention in academic finance, approaches of this kind
are popular among market practitioners and central bankers. A first

4 See Duffie and Kan (1996).
5 See Duffee and Stanton (2004).
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subclass are linear functions, in their simplest form consisting of a con-
stant hazard rate which is nothing other than the (mean) bond spread.
The exponential polynomial form suggested by Nelson and Siegel (1987)
has gained particular notice in this class because it combines intuitively
meaningful parameters into a functional form which is flexible enough
to fit most term structures and can easily be estimated by non-linear
least squares. The basic Nelson-Siegel model allows for any extension
of its functional form, such as supplementing another linear factor in
the extended Nelson-Siegel model (Svensson (1994, 1995)). Any linear
model is in principal convertible to an affine interpretation.6 A second
subclass is constituted from probability distributions at the point in
time a credit event occurs. As before, the simplest variant is the con-
stant hazard rate. The resulting likelihood that no credit event occurs
until a certain time in the future follows an exponential distribution.
Spline approximation techniques, often referred to as non-parametric
fitting, can be considered as a third subclass (McCulloch (1971), Mc-
Culloch (1975), Vasicek and Fong (1982), and others). Depending on
the functional form an arbitrarily close fit can be achieved, resulting
in smooth term structure curves of illustrative beauty. All spline meth-
ods, however, are sensitive to the selection of knot points. Exponential
splines avoid another problem of empirical models, namely unstable or
even negative forward rates (Shea (1985)).

The empirical literature of intensity-based models provides an exten-
sive number of studies both with affine and parsimonious models. Until
recently, only a few contributions focused on risky sovereign bonds, but
this area currently enjoys a significant increase in academic interest.
With regard to affine models, Pages (2001) estimates a two process
model under the Cox-Ingersoll-Ross square-root specification for the
2024 Brazil Brady bond. While no robustness check (by using the im-
plied parameters to price other equal ranking Brazil bonds) is under-
taken, the author compares the implied default risk to stripped Brady
yields and the Brazil EMBI spread. The implied term structure of credit
spreads displays a characteristic hump shape with steeply increasing
spreads over the first two years and a flattening thereafter. Duffie et al.
(2003) set up a very rich affine model of the risk spread, considering
default, soft restructuring, and political regime switches. Their empir-
ical estimation for Russian MinFins around the Russian crisis 1998,
however, uses a much simpler model with a one-dimensional stochas-
tic process for the risk spread. Choosing the MinFin III as benchmark
in the model, Duffie et al. (2003) find that it is difficult to explain

6 For a two-factor affine Nelson-Siegel model see Diebold et al. (2005).
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the considerable price derivations of other bonds during this turbulent
episode. A four factor affine model, with Vasicek-like random walk pro-
cesses but without allowing for correlation, is implemented by Berardi
and Trova (2003). Estimated parameters for six major emerging coun-
tries are yielded in a two-step approach. A yield curve is extracted from
bond prices by cubic spline fitting, which, in a second step, serves as
input for the Kalman filter estimation. The results appear reasonable
although the first draft of the working paper does not provide a further
analysis of the results. Among parsimonious models, Merrick (2001)
assigns a linear function of the default probability and estimates the
implied default parameters for Russian and Argentine bonds during the
1998 crisis to search for contagion effects. The linear function applied is,
however, not bound between zero and one. Overcoming this drawback,
Merrick (2005) uses a simplified two factor Nelson-Siegel model.7 The
resulting parameter estimates are very similar to those by Andritzky
(2005) using an extreme value type I probability distribution to model
the default rate. The resulting estimates provide an excellent fit to the
data and nicely describe the course of the Argentine crisis. Since the
extreme value distribution is defined for negative variates as well, a
case distinction becomes necessary.8 This causes an immediate price
discount for all bonds, resembling the empirical observation that ma-
turing bonds do not converge to par during a crisis. With regard to the
spline method, Izvorski (1998) strips Brady bonds of seven countries
and calculates non-parametric densities of the term structure of risk
premia, using a normal kernel.

The resulting parameter estimates are often interpreted as describ-
ing the default probability. While they might indeed be reasonable prox-
ies for the real default probability, this conclusion can be misleading for
two major reasons. First, models often assume risk neutrality and omit
other factors of influence. Risk neutrality assumes that an average in-
vestor does not require an extra return for bearing risks. In turn, bond
spreads only compensate for the expected credit loss, aside from any
Jensen inequality term. Although a plausible assumption in finance,
it is reasonable to assume that investors of risky bonds are not any
different than equity investors, who apparently demand positive and
time variant risk premia. Similar excess returns are found in empirical
studies of bond spreads (resulting in the “credit spread puzzle”) and

7 See Narag (2004) for a working paper with similar methodology.
8 If the density is larger than zero for negative values of t, the case distinction

(introduced to avoid truncation) results in a survival probability of less than one
at point t = 0. See Andritzky (2005), p. 99.
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are interpreted as the result of risk aversion and other effects.9 One of
the effects leading to this wedge might be the misspecification of the
risk-free rate (Duffee (1996)) which is mitigated by using swap rates in-
stead of Treasury rates when looking at US dollar bonds. Other effects
justifying a risk premium are illiquidity (Longstaff (2004)), difficulties
in default risk diversification (Amato and Remolona (2003)), system-
atic risk and contagion (Cornell and Green (1991), Fama and French
(1993), Collin-Dufresne et al. (2003)), and interest rate risk (Collin-
Dufresne et al. (2001)). Furthermore, empirically detected risk premia
might simply be the result of incorrect (or biased) default expectations
(Hull et al. (2005)). While it is possible to calibrate models to dis-
tinguish these factors and proxy investors’ risk aversion (e.g., Zhang
(2003)), it remains problematic to derive real-world default probabili-
ties from the few historical default cases in the sovereign sector. This
contrasts with corporate default statistics which offer a sufficient sam-
ple size of historical defaults. Given this lack of empirical data, the
combined impact of the above effects on sovereign bond spreads is dif-
ficult to assess. As any unobservable measure of default risk might be
influenced by such effects, it is advisable to keep the caveat in mind
until future research sheds more light on these questions.

A second shortcoming requires mentioning. Before calculating de-
fault probabilities from risk spreads, an assumption about the recovery
value has to be made since it is not given endogenously in reduced form
models.10 As shown in Chap. 3, recovery from sovereign credit events
can widely vary. This makes it even harder to interpret the estimated
parameters or use them for pricing recovery contingent claims, as for
instance credit default swaps in Chap. 6. The existing theoretical and
empirical literature, unfortunately, paid little attention to this point.

4.1.3 Recovery Schemes

The following reviews the common concepts of how to model recovery
values. Most authors confine themselves to one of the following three
schemes which essentially model recovery as a fraction with different
denominators:

9 Altman (1989) first pointed out that implied risk-neutral default probabilities
are on average lower than realized default rates, suggesting that bondholders
earn more than the risk-free rate on average.

10 The implicit assumption of these models is typically independence of the hazard
and the recovery rate. See Duffie and Singleton (1999), p. 688.
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Recovery of market value (RMV): The recovery ratio is a frac-
tion of the current market value (Duffie and Singleton (1997), Duffie
and Huang (1996), among others).

Recovery of face value (RFV): The recovery ratio is a portion of
the nominal value received immediately upon the credit event
(Duffie (1999b), Duffee (1998), Lando (1998), Brennan and Schwartz
(1980)).

Recovery of treasury (RT): The recovery payout is a fraction of
the present value of the claim’s nominal value, discounted at the
risk-free rate. The recovery ratio is therefore a fraction of the price
of a risk-free zero bond with similar maturity (Collin-Dufresne
and Goldstein (2001), Jarrow and Turnbull (1995), Longstaff and
Schwartz (1995)).11

Among these schemes, the RMV concept is clearly dominant in aca-
demic and applied credit risk modeling, while the other concepts are
more cumbersome to implement. The beauty of the RMV scheme lies
in its computational tractability since the recovery rate becomes inter-
woven with the risk premium, making the distinction between hazard
and recovery rate effectively irrelevant.

The choice of the recovery approach is both a theoretical as well
as empirical issue, asking which concept is actually prevalent in the
investors’ minds irrespective of its validity or soundness. From a the-
oretical stand point, it is shown in Chap. 6 that for par instruments
(such as credit default swaps) the RFV is conceptually the adequate
approach (because after a credit event the face value is reimbursed),
while other schemes can be misleading. Chapter 3 suggests a mixed
approach to recovery, allowing for equalizing and differentiating recov-
ery values. In an empirical assessment of corporate bond data, Bakshi
et al. (2001) show that the RT rather than the RMV approach fits BBB
rated bonds best. Regardless of the soundness of different conceptual
approaches, most past studies of credit risk in sovereign bonds have
avoided this question and applied an RMV scheme.

While the literature on realized sovereign recovery rates is in its
infancy, there is ample evidence of physical recovery rates of corpo-
rations.12 On corporations, the literature has so far focused on the

11 The suggestion by Bakshi et al. (2001) of a “recovery of outstanding value” can
be classified as a variant of the RT approach. It assumes that the original bond is
not replaced by a risk-free zero bond of similar maturity, but rather by a risk-free
bond with features similar to the original claim.

12 Besides publications from private rating agencies see, for example, Altman and
Kishore (1996), and Franks and Torous (1994).
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statistical distribution of past recovery rates and their determinants,
partly utilizing the difference between junior and senior corporate
debt (Renault and Scaillet (2004), Unal et al. (2003), Das and Tu-
fano (1996), Jarrow (2001)). Some evidence, while inconsistent, points
towards a negative correlation between actual default frequencies and
bond recovery rates (Altman et al. (2002), Hu and Perraudin (2002),
Frye (2000a,b)). The existence of rich data on past defaults and a
bankruptcy-led workout process did not draw much attention on how
to calculate expected recovery rates from pre-default bond data. While
understandable for corporate debt instruments, the lack of a large quan-
tity of sovereign bond defaults and the constantly evolving design of
sovereign workouts pose a different problem. Extracting the recovery
value expected by investors from market data is therefore an impor-
tant and promising field of research. Merrick (2001) and Andritzky
(2005) estimate RFV parameters from Argentine and Russian bonds,
while Zhang (2003) extracts this parameter from Argentine CDS data.
Chapters 5 and 6 continue this string of the literature.

4.1.4 Outlook

As the list of unpublished work on emerging market bonds grows by
the day, hope rises that appropriate and accepted models for risky
sovereign bonds will soon emerge in academia. Besides the literature on
Brady bonds, few authors have stressed addressing the particularities
of emerging market sovereign bonds. This attempt will be made in the
following, emphasizing the prevalence of soft restructurings instead of
outright defaults in sovereign bond markets.

The approach of this study combines reduced form models (which
require no other input than bond market prices, which are available as
high frequency time series) with the usual virtue of structural models
that yield an estimate of the recovery value (but rely on low frequency
macroeconomic data). The empirical estimates of a parsimonious model
in Chap. 5 result in a series of unobservable variables, which bear a
straightforward interpretation as risk neutral default parameters and
expected recovery ratio. The results offer insight into the continuous
shift of the determinants of sovereign default risk, allowing them to be
interpreted by means of macroeconomic fundamentals or economic and
political events. This level of frequency of implied default parameters
can be achieved with parsimonious models, while richer models, con-
sidering a broader range of effects, yield only one set of time-invariant
parameters from a sufficient time series of bond data. The approach
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chosen in this study, on the one hand, bears more restrictions and fore-
goes the no-arbitrage principle, but, on the other hand, leads to a useful
compression of information and performs well in forecasting models.

Using a reduced form model instead of a structural model for yield-
ing estimates of unobservable parameters of sovereign risk avoids the
common difficulties when directly linking economic fundamentals to
bond prices or spreads. While the link between the bond data and
fundamentals is somehow more intuitive in these kinds of models and
recovery is often given endogenously, structural models are usually dif-
ficult to implement empirically and often prove an unsatisfactory fit to
the data. This might also be a result of the relative paucity of data and
the evolving and idiosyncratic nature of sovereign risk.

Besides this contribution, the potential for further advancement in
the literature on sovereign bond pricing remains considerable. While
term structure models for sovereign bonds indicate rapid development,
the next generation of the literature could also address portfolio credit
risk with sovereign bonds of multiple classes and issuers. This study,
however, focuses on researching one class of bonds (defined by pari
passu ranking and cross-default clauses) in individual countries, effec-
tively resulting in a perfect correlation of credit risk and recovery within
each sample of bonds.

4.2 An Overture to Bond Analysis

This section offers a short introduction to the fundamental concepts
of bond pricing and credit risk. The section lays the foundation to
understand how modeling credit risk enters into the formulas for the
bond price and bond yield.

4.2.1 The Money Market Account and the Discount Factor

The concept of a money market account reflects the idea of a virtually
riskless investment which continuously accrues the risk-free rate pre-
vailing in the market. Recognizing that in reality any investment bears
some risk, some might prefer the term “reference rate” instead.

Definition 1 (Money market account) B(t) is defined as the value
of a money market account for t ≥ 0 where, at time t = 0, the value of
the account is B(0) = 1. As the risk-free rate rt is a positive function
of time, the value of the money market account is
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B(t) = exp(
∫ t

0
rs ds) . (4.1)

This can also be written in the form of a differential equation,

dB(t) = rtB(t) dt,with B(0) = 1 . (4.2)

The interest rate rt is the instantaneous rate at which the money
market account accrues at the point in time t. This can be written in
the more familiar form of a first order expansion,

B(t + ∆t) = (1 + rt∆t)B(t) , (4.3)

which is similar to Definition 1 for an arbitrarily small time interval
[t, t + ∆t]. Throughout this study, notations of interest rates always
refer to the instantaneous rate which compounds continuously.

The money market account often serves the reverse question: What
is the value at time t = 0 of one unit of currency received at time t = T ?
This question is answered by multiplying the amount received with the
inverse of B(T ), given that the future values of rt for t = [0, T ] are
deterministic. In a more general form, this concept of discounting future
payments under stochastic risk-free rates is formalized in Definition 2:

Definition 2 (Stochastic discount factor) The stochastic discount
factor d(t, T ) equals the amount of currency at time t ≥ 0 that has the
same value as a similar amount of currency received at a time t = T
with t < T , such that

d(t, T ) =
B(t)
B(T )

= exp(−
∫ T

t
rs ds) . (4.4)

In the real world, the risk-free rate is neither riskless in the sense
of zero volatility, nor guaranteed in the sense of a law of nature. In
empirical applications, the risk-free rate needs to be approximated by
the interest rate offered by systemically essential institutions within
one market. In practice, these are the rates implied from government
bonds of the most solvent sovereign issuers in a currency, predominantly
the U.S. Treasury bonds for dollar interest rates. Alternatively, short
rates charged between banks provide a useful benchmark. This is es-
pecially popular in European markets. The London Interbank Offered
Rate (LIBOR) is the most frequently used rate, while similar measures
exist for other markets as well (such as the EURIBOR, the Brussels
counterpart). A term structure curve of zero rates is derived either
from stripped yields of government bonds, or from interbank short and
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forward rates. Since these measures exist only for discrete points in
time, rates need to be interpolated. The resulting curve can be used
directly in empirical models. Alternatively, no-arbitrage models of the
short rate are estimated from those discrete risk-free rates, such as the
Cox et al. (1985a) model.

4.2.2 The Price of a Risky Zero Bond

The price of a risk-free zero bond paying one unit of currency at matu-
rity is already given by the logic of the money market account, because
such a bond’s price equals the applicable discount factor. In case of
default risk, reduced form models of credit risk assume the existence of
an exogenous default process. Let us assume that this is a risk-neutral
hazard rate process λ which determines the default time T ′. This can
be interpreted as binary process Λ which takes the value 0 before the
credit event and 1 thereafter. Under a given Martingale process Q, the
risk-neutral hazard rate process λ can be thought of as the jump arrival
intensity of a Poisson process.13 Λ can therefore be written as

dΛt = (1 − Λt) λt dt + dMt , (4.5)

where M is a Martingale under Q. If, in case of a credit event, the
holder of a zero bond is compensated by some (reduced) amount of
ϕ, the present value at time t of a risky zero bond paying one unit of
currency at time T becomes

Z(t, T ) = d(t, T ) (1 − Λt) +
∫ T

t
d(t, s) ϕ dΛs . (4.6)

This combines to a continuous pricing formula for a risky zero coupon
bond (Duffie and Singleton (1999), pp. 696f):

Definition 3 (Risky zero bond price) If the risk-neutral hazard rate
process λ is defined under an equivalent Martingale measure Q, a risky
zero bond paying one unit of currency at maturity T has the present
value at time t of

Z(t, T ) = exp(−
∫ T

t
rs + λs ds) +

∫ T

t
exp(−

∫ s

t
ru + λu du)ϕ λs ds ,

(4.7)
where rt is the risk-free rate and ϕ is a deterministic amount of cur-
rency paid right upon the arrival of a credit event.
13 A Martingale is a sequence of random variables, parameterized by time, whose

expected future value, conditional on the past, is its current value. A Poisson
process is a particular type of random process including discontinuities (“jumps”).
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This setting assumes that there is just one kind of credit event, typically
associated with default. In case of sovereigns the typical credit event to
be modeled this way would be a restructuring rather than a payment
default. However, both events are usually treated similarly in credit
risk models, using the term “default” for simplicity.

4.2.3 The Price of a Risky Coupon Bond

The price of a coupon bond can be combined from zero bond prices
which resemble the promised cash flows of a coupon bond. The following
defines the price of such a fixed coupon bond, with bullet amortization,
subject to credit risk.

Definition 4 (Risky coupon bond price) Let the risk-neutral haz-
ard rate process be λ, Ct the time-continuous coupon payment at the
instant time t, and N the bond’s notional value repayable at time of
maturity T . The resulting price of a risky coupon bond is

Pc(t, T ) =
∫ T

t
exp(−

∫ s

t
ru + λu du) Cs ds + (4.8)

exp(−
∫ T

t
rs + λs ds) N +

∫ T

t
exp(−

∫ s

t
ru + λu du) ϕλs ds ,

where, as before, rt is the risk-free rate and ϕ the deterministic recovery
amount.

The assumption of coupons being paid continuously results in what
is called the “clean” bond price. This price does not consider accrued
but not yet due interest when coupons are paid periodically. Further-
more, the formula needs adaption for special features common in risky
sovereign bond contracts such as capitalizing coupons, step-up coupons,
or amortization.14 This is easily achieved when converting Equation 4.8
into a setting with discrete payments:

Definition 5 (Dirty risky coupon bond price) Let the continuous-
ly compounding risk-free rate be rt and λ be a risk-neutral hazard rate

14 Capitalizing coupons are not paid in cash but added to the bond’s face value. Step-
up (step-down) coupons follow a contractual pattern of increasing (decreasing)
coupon payments, possibly linked to some conditions such as GDP growth or
inflation. Amortizing bonds start repaying portions of their notional value (often
together with coupons) before their final maturity.
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process. Ci are i = 1, ..., I coupon payments made at times ti. Ni are
amortization payments coinciding with coupon payments after g grace
periods where maturity occurs with the last payment made, T = tI .
At t0, the price of a risky coupon bond, including accrued interest, is
accordingly

P (t0, T ) =
I∑

i=1

Ci exp(−
∫ ti

t0

ru + λu du) (4.9)

+
I∑

i=1+g

Ni exp(−
∫ ti

t0

ru + λu du)

+ ϕ
I∑

i=1

exp(−
∫ ti

t0

rudu)

(
exp(−

∫ ti−1

t0

λudu) − exp(−
∫ ti

t0

λudu)
)
.

Note that all payments made, Cj , Ni, and ϕ, are in units of currency.
Capitalizing coupons result in a zero payout while adding to the bond’s
face value so that the sum of all amortization payments may exceed
the initial notional.

It could be argued that not only coupons, but also default should
realistically be assumed to occur on discrete points in time because
insolvency usually becomes obvious upon the debtor’s failure to make
a due payment. However, this might not be an appropriate assump-
tion for sovereigns for two reasons. First, debtor countries may have
several issues with cross-default clauses outstanding, resulting in sev-
eral payment dates per year. Second, neither the declaration of a debt
moratorium, nor the initiation of a restructuring offer have typically
occurred exactly on payment dates.

Bond prices are usually quoted as “clean” prices without accrued
interest. Information on accrued interest is reported separately by data
providers. Since it is assumed to be risk-free, accrued interest can be
easily computed under the following standard day count conventions:

Definition 6 (Day count conventions) When calculating the days
of accrued interest, different conventions apply as to what fraction of an
annual (or analogously semi-annual or quarterly) coupon this accounts
for. There are four conventions:

Actual/actual. The year fraction is calculated from the actual days
of accrued interest divided by the number of days in the particular
year, including leap years.
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Actual/365. A year always has 365 days while the time span between
two dates T1 and T2 is the actual number of days between them,
which is denoted by T2 − T1. The year fraction is therefore

T2 − T1

365
.

Actual/360. As before, but a year consists of only 360 days, therefore
the year fraction becomes

T2 − T1

360
.

30/360. This convention also uses 360 days per year while each month
is assumed to have 30 days. If dates are comprised by day, month,
and year, that is T1 = (d1, m1, y1) and T2 = (d2,m2, y2) respec-
tively, the year fraction is given as follows:

max(30 − d1, 0) + min(d2, 30) + 360(y2 − y1) + 30(m2 − m1 − 1)
360

.

The convention used is typically defined in the bond prospectus al-
though certain market places and bond contracts traditionally use a
certain day count convention. The 30/360 definition is common in the
U.S. for fixed rate contracts. Actual/360 is mostly used in the money
market and for floaters. Actual/actual is common in the euro area
and Great Britain. To avoid distortions for single trading days which
can emanate from day count conventions, this study always uses ac-
tual/actual.15

4.2.4 Yields, Spot and Forward Rates

When considering yield, this study usually refers to the continuous yield
to maturity which is the discount rate that causes the present value of
all payments to match the observed bond price.

Definition 7 (Yield) The yield is a constant which serves as the con-
tinuously compounded discount rate at which any instrument’s present
value equals its current trading value.

15 For example, a distortion may emerge on March 1st when a 30/360 convention
is used while the hazard process is time-continuous. Because the observed dirty
bond price jumps up on March 1st, the estimated default parameters could show
a downward bias. The opposite effect may prevail on the 31st day of a month.
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For the dirty value of a risky coupon bond as in Definition 5, the
corresponding yield y, given a trading price of the dirty bond value,
needs to be numerically determined from

P (t0, T ) =
I∑

i=1

Ci exp(−y(ti − t0)) + (4.10)

I∑
i=1+g

Ni exp(−y(ti − t0)) .

The yield can be calculated for any single bond, while many equally
ranking bonds of the same issuer can be used to calculate a yield
curve analogously to an interest rate term curve. The continuously
compounded yield y can always be converted into an annual yield Y
by

Y = exp(y) − 1 . (4.11)

The (risk) spread, s = y − r, refers to the difference between the yield
and the risk-free interest rate and can also be calculated on both a
time-continuous or an annual base. When using a term structure of the
risk-free benchmark rate, the corresponding maturity has to be chosen
appropriately to the expected lifetime horizon of the yield.

Above bond valuation formulas already use the instantaneous rate
rt which is the risk-free spot rate at time t. Similarly, the hazard rate λt,
the yield yt, and the spread st can also be thought of as spot rates. In
the same way a term structure of the risk-free rate is given for different
time horizons, other measures can likewise be combined into a term
structure for different time horizons. Such a term structure can then
be used to calculate forward rates, for instance the spot interest rate
in one year from today.

Definition 8 (Forward rate) A forward rate, denoted by F0(ti, Ti),
is the implied rate at time t = 0 for the future time span from ti to Ti.
Given a term structure curve of the spot rate rt, the implied forward
rate F0(ti, Ti) is calculated by

F0(ti, Ti) =

∫ Ti

ti
ru du

Ti − ti
. (4.12)

The knowledge of one term structure (either the term structure of in-
terest rates, spot rates, or forward rates) is sufficient to infer the others.
The yield can be inferred from the forward curve as well since it is an
equally weighted average of the instantaneous forward rates.
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4.2.5 Default Probability Functions

To describe the likelihood of a credit event to happen, credit risk anal-
ysis draws on the standard theory of probabilities. The following dis-
tinguishes three kinds of characteristic functions which describe the
probability structure of a credit event. Following standard convention,
the term “default” is used in these models primarily to signify any kind
of credit event.

The survival function is the probability that a credit event does not
occur before a certain point in time. It is monotonically declining and
bound to the interval [0, 1].

Definition 9 (Survival function) The survival function S(t) is the
probability that the event time, τ , occurs after than any point in time,
t:

S(t) = Prob[τ > t] = 1 − Q(t) , (4.13)

where Q(t) is the cumulative distribution function of the credit event
time.

The function q(x) is the density function of the default probability
so that Q(x) =

∫ x
−∞ q(s) ds. In most credit default frameworks t is

the time of default as seen from time zero, so that t is always posi-
tive. The unconditional default function has therefore the property of∫ ∞
0 q(s) ds = 1, and stays within the interval [0, 1].

Definition 10 (Unconditional default function) The unconditio-
nal default function, also called unconditional failure rate, is the density
of the default probability at any point in time t:

q(t) = Prob[τ = t] = lim
∆t→0

(S(t) − S(t + ∆t)) . (4.14)

The hazard function is the actuarial term for the conditional default
density function. There are a number of synonyms for the hazard rate
such as conditional default probability, instantaneous failure rate, in-
stantaneous forward rate of default, or simply default intensity.

Definition 11 (Hazard function) The hazard rate, denoted by λ, is
the probability of default at any point in time t, given no default up to
that time. The hazard function λ(t) is derived from the Bayes’ theorem
of conditional probability:

λ(t) = lim
∆t→0

Prob[t < τ ≤ t + ∆t | τ > t]
∆t

=
q(t)
S(t)

. (4.15)
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The hazard function can also be derived from the survival function
since

∂ lnS(t)
∂t

=
1

S(t)
∂S(t)

∂t
= − q(t)

S(t)
,

so that
λ(t) = −∂ lnS(t)

∂t
. (4.16)

This connects the variables introduced in Definitions 9 to 11.

4.2.6 Bootstrap Analysis

The bootstrap analysis is a powerful standard tool to analyze a cross
section of equally ranking bonds under the assumption of a simple “re-
covery of market value” definition.16 The illustrative description in the
following helps to connect Sects. 4.2.4 and 4.2.5 and serves as an exam-
ple of how to use information contained in a cross section of defaultable
bonds.

Let B−1(t, T ) denote the price at time t of a risk-free zero bond
maturing at time T . Analogously, Z(t, T ) is the price at time t of a
T -maturity defaultable bond. The continuously compounded yield to
maturity of the risk-free bond, yB, and risky bond prior to default, yZ ,
satisfy

yB(t, T ) = − lnB−1(t, T )
T − t

(4.17)

and
yZ(t, T ) = − lnZ(t, T )

T − t
. (4.18)

These formulas allow the determination of the implied zero rates for
each maturity in the simple case of a cross section of zero bond prices
with different maturities. For n bonds maturing after T1, ..., Tn periods,
these n zero rates determine the bootstrapped zero curve. Usually, the
zero rate is treated as piecewise constant to gain a stair function of
the implied zero curve. In many practical applications, for instance to
price a bond issue of new maturity, spline approximations are used to
smooth the zero curve for maturities between the bootstrapped zero
rates.

Similar to formulas from Sect. 4.2.4, a bootstrapped zero curve from
riskless and defaultable bonds can be used to infer the term structure
of spreads and forward rates. Prior to default, the credit spread s(t, T )

16 See Sect. 4.1.3.
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is simply the yield difference of the defaultable and risk-free bond of
the same maturity T ,

s(t, T ) = yZ(t, T ) − yB(t, T ) . (4.19)

Let us assume that there is only default risk and investors are risk
neutral. Then the credit spread has to compensate for the probability
of default, adjusted by the residual recovery value, thereby building a
bridge to Sect. 4.2.5:

s(t, T ) = − ln(1 − (1 − ψ)Q(T ))
T − t

, (4.20)

where ψ is the recovery rate and Q(T ) is the cumulative distribution
function of default between time t and T . Note that only under the
assumption of zero recovery (i.e., ψ = 0) the latter equation transforms
to

s(t, T ) = − lnS(T )
T − t

. (4.21)

The forward interest rates can be calculated by using the term struc-
ture of zero rates implied by the cross section of risk-free bonds. If the
continuously compounded zero rate for the period from 0 to t1 is de-
noted by y1 and the corresponding periodical rate from 0 to t2 is de-
noted by y2, then the forward rate from t1 to t2 is calculated analogous
to Definition 8, by

F0(t1, t2) =
y2t2 − y1t1

t2 − t1
. (4.22)

The instantaneous forward rate at time t for indefinitely small time
intervals is gained from (4.22) by looking at two neighboring points on
the term structure curve and taking the limit,

f(t) = lim
t1→t2

y2t2 − y1t1
t2 − t1

. (4.23)

By combining this with (4.17) and (4.18), we can define the instanta-
neous forward rate from risk-free bonds,

fB(T ) = −∂ lnB−1(T )
∂T

, (4.24)

and from defaultable zero bonds prior to default,

fZ(T ) = −∂ lnZ(T )
∂T

. (4.25)
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Analogously to the credit spread s(t, T ), an instantaneous forward
credit spread is defined as the difference between fZ(T ) and fB(T ).
Combining (4.24) and (4.25), as well as (4.17) to (4.21), we see that

fZ(T ) − fB(T ) = −∂ ln(1 − (1 − ψ)Q(T ))
∂T

. (4.26)

This is the recovery-adjusted hazard rate. If ψ is set to zero, this be-
comes more obvious since (4.26) simplifies to

−∂ ln(1 − Q(T )
∂T

= −∂ lnS(T )
∂T

= λ(T ). (4.27)

Therefore, this so called instantaneous forward credit spread is nothing
but the hazard rate from (4.16), possibly adjusted by the inclusion of
some recovery value ψ.

The bootstrapping analysis can also be applied to coupon bonds.
After sorting bonds by their maturity date, bootstrapping yields a stair
term structure of forward rates. When deducting the corresponding
risk-free interest rates, the resulting curve shows the term structure of
forward risk spreads. Figure 4.1 shows an example of implied forward
credit spreads for sovereign bonds of Argentina, Mexico, and Turkey.

Although handy, the bootstrapping analysis has a number of draw-
backs. First, there will always be only as many zero rates determinable
as there are quoted instruments with different maturities. The rest of
the implied zero curve has to be approximated by some interpolation
scheme. The resulting shape of the curve does, to a certain extent,
depend on the interpolation method used which does not necessarily
obey the no-arbitrage criterium. As bootstrapping determines one point
of the curve from one bond, there is no remaining degree of freedom
that allows the calibration of other credit-risk parameters, such as the
recovery value. Second, in empirical estimations the method is vulner-
able to outliers. Since the zero rates are gained through an iterative
process beginning with the bond that has the shortest maturity, all
of the following implied zero rates y(t, Tj+1) are a function of their j
precedents, y(t, T1), ..., y(t, Tj). As a consequence, one single mispriced
bond will result in distorted rates for all subsequent maturities. Fre-
quently, the resulting forward rates become negative or unrealistically
large.

4.2.7 Bond Duration and Average Life

Besides time to maturity, two other measures are often mentioned to
describe the length of time in a bond contract. The duration, often
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Fig. 4.1. Implied forward risk spreads
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referred to as Macauley duration, is a standard measure for this purpose
and is calculated as the present value weighted mean repayment time
using the risk-free discount factor.

Definition 12 (Duration) Given a coupon bond with time-continuous
coupon payments Ct and bullet amortization of the notional N at ma-
turity T , its duration is given by

Dt =

∫ T
t s exp(− ∫ s

t ru du)Cs ds + T exp(− ∫ T
t rs ds) N∫ T

t exp(− ∫ s
t ru du) Cs ds + exp(− ∫ T

t rs ds) N
. (4.28)

The average life of a bond is the mean repayment time of the no-
tional and has already been used in the previous chapter. In contrast
to the duration formula, the payments do not get discounted.
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Definition 13 (Average life) A bond which amortizes by j = 1, ..., J
payments Nj at times tj has an average life of

Lt =

∑J
j=1 tjFj∑J
j=1 Fj

. (4.29)

4.3 Functional Forms of the Term Structure

Much research effort has been devoted to term structure modeling with
the objective of finding the best way to describe yield, forward, or
spread curves. The purpose of this effort is manifold. Economic models
support general economic intuition and link the observed term structure
to macroeconomic fundamentals, allowing one to forecast interest rates
(Campbell and Shiller (1991)), inflation (Fama (1975), Mishkin (1990)),
or economic activity (Chen (1991)). Analogously, finance models serve
purposes such as asset pricing, hedging, and portfolio allocation. Sec-
tion 4.1 has already referred to the distinction between equilibrium and
empirical models.

All of these approaches have advantages and disadvantages. The fol-
lowing properties present a selection of useful criteria for the evaluation
of term structure models:

Consistency of rates. Yields, spreads as well as their forward rates
need to be consistent, which normally means non-negativity and
continuity as well as some smoothness. Most models though do not
comply in all regards.

Convergence. The short rate should lead to Z(t, T ) converging to the
face value for t → T , while the long rate should converge to some
reasonable, non-negative value. While the first condition is neces-
sary for equilibrium models, the latter bestows plausibility upon
empirical models.

No-arbitrage. Consistency with regard to the closing of arbitrage op-
portunities is an essential property for asset pricing but is less rel-
evant in empirical curve fitting, macroeconomic assessments, and
term structure forecasting.

Flexibility. The model needs to allow for flexibility to fit a wide range
of theoretically possible and empirically observed curves. Although
flexibility is always desirable, a trade-off exists between computa-
tional tractability (especially when using arbitrage-free asset pricing
techniques) and empirical fit.
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Further desirable properties from an econometric standpoint are the
tractability of the model as well as its suit for efficient estimation meth-
ods, for instance by exploiting the time series dependence of the data.

While this list is never complete, it gives a good lead for the following
assessment of term structure models in the context of risky sovereign
bonds. The scope is limited to affine, polynomial models and probability
models as they best serve the purpose of extracting estimates of implied
default and recovery parameters.

4.3.1 Affine Models

Affine models use stochastic state processes under a risk-neutral prob-
ability measure, mostly to model the bond yield. The state process can
be a multidimensional Markov-Ito-process,

dX(t) = µ(X(t), t) dt + σ(X(t), t) dW (t) , (4.30)

where µ(X(t), t) is the drift function and σ(X(t), t) is a covariance
matrix between the increments of a multidimensional Wiener process,
dW (t). The most popular version is a basic one-dimensional square-root
process for the risk-free rate as in Cox et al. (1985a) which prevents
negative values for r:

dr(t) = k(x − r(t)) dt + σ
√

r(t) dW (t) , (4.31)

where k, x and σ are positive constants. Defining the short rate as a
differential equation complies with the no-arbitrage argument because
the forward rates are solutions to the equation. The resulting price of
an otherwise risk-free zero bond Z(t, T ) can be shown to be

Z(t, T ) = A(t, T ) exp(−B(t, T ) r(t)) , (4.32)

where

A(t, T ) = (
2γ exp((k + γ) (T − t)/2)

(γ + k) (exp(γ (T − t)) − 1) + 2γ
)2kxσ−2

(4.33)

and
B(t, T ) =

2 (exp(γ (T − t)) − 1)
(γ + k) (exp(γ (T − t)) − 1) + 2γ

(4.34)

with γ =
√

k2 + 2σ2. This closed form can be used for coupon bonds
as well and obeys the boundary condition Z(T, T ) = 1.

Affine models combine stochastic processes of several state variables,
adding up to the discount rate. Brennan et al. (1979), for example, use
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two processes to describe the short-term and long-term interest rate.
Their setting avoids the one-factor model’s disadvantage of perfect cor-
relation between the short-term and the long-term rates. Alternatively,
different processes can be used to separately model the reference curve
and the risk spread, so that

Rt =
Ir∑

ir=1

ri,t +
Iλ∑

iλ=1

λi,t , (4.35)

where the risk-free curve is modeled from Ir stochastic processes, and
the hazard rate is the sum of Iλ stochastic processes. Another way to
combine the stochastic processes is to model two factors which drive
the short-term interest rate and its volatility, as suggested by Longstaff
and Schwartz (1992).

The seminal contribution of Duffie and Singleton (1999) has shown
that under the recovery of market value presumption, the recovery term
(i.e., the last summand in (4.8)) can be subsumed into the risk-adjusted
discount rate. The recovery adjusted discount rate for the risk-neutral
hazard rate process of default, λ, becomes

Rt = rt + λt(1 − ψ) , (4.36)

where ψ is the exogenous expected recovery fraction of market value.
This makes empirical applications of multi-factor affine models much
more tractable as estimations can be based on observed yields instead of
observed bond prices. This, however, is not the case for alternative re-
covery assumptions—especially recovery of face value—for which affine
bond price models become computationally cumbersome.17

4.3.2 Parsimonious Models

Since the bond analysis in Chap. 5 pursues an empirical purpose, the
remaining elaborates on empirical models introducing functional forms
of the hazard rate in dependence of time.

In contrast to affine models, the state variables in parsimonious
models are assumed to be deterministic. This results in ready esti-
mates of the parameter vector for each observation. The estimation
relies on the assumption that each bond price contains some deviation
from the model bond price. How estimates are gained by using some
distributional assumption for these errors is described in Sect. 4.5.

17 See Bakshi et al. (2001).
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The risk-free benchmark curve is not subject to the following models
but is assumed to be given, either by empirical observations of risk-free
proxy rates (such as U.S. Treasury or swap rates) or fitted values from
an appropriately chosen model of the risk-free rate (such as Vasicek
(1977), or Cox et al. (1985a)). It has therefore to be borne in mind
that the following describes only term structures of the hazard rates.
Since spreads are not exclusively a function of the hazard rate, but
of the recovery value as well, this does not directly translate into a
definable term structure of spreads.

In the following, the suggested functional forms for modeling the
hazard rate will be illustrated according to Definitions 9 and 11.

Constant Hazard Rate Functions

The simplest case is a constant default probability during a certain
period. In a time continuous setting, this is described by a constant
instantaneous probability:

Hazard function 1 (Constant hazard rate) In a constant hazard
rate model, a constant variable λ ≥ 0 describes the instant probability
of a credit event given that no credit event occurred before, so that

λ(t) = λ ,
S(t) = e−λt .

(4.37)

Under zero recovery, the hazard rate corresponds to the forward spread
under continuous compounding. The resulting discount factor declines
monotonically, fulfilling the properties of no-arbitrage and consistency.
Convergence is assured as well, while the model’s flexibility is limited.
Note that the survival function of the constant hazard rate model fol-
lows an exponential distribution. Figure 4.2 illustrates the resulting
term structures along the Definitions 9 and 11.

Nelson and Siegel (1987)

The starting point of the Nelson-Siegel model is a second-order differen-
tial equation to describe monotonic, humped or S-shaped forward rate
curves. Allowing for unequal roots results in an over-parametrization
of this model.18 Restricting the differential equation to unique roots

18 This occurs when the roots become equal and can be avoided, for instance, by a
corresponding penalty term added to the likelihood function. See Söderlind and
Svensson (1997), p. 419.
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Fig. 4.2. The constant hazard rate model
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Source: Author’s calculations. Constant hazard rate default functions with two
different values for λ during a 30 period time horizon.

makes the model more parsimonious while allowing for the same de-
gree of flexibility in fitting term structure curves. The model can be
used to fit both risk-free and risk-prone term structures. Analogously,
it can be used to describe the course of the hazard rate.

Hazard function 2 (Nelson-Siegel-Model.) The Nelson and Siegel
(1987) polynomial consists of the long-term rate β0 > 0, a short-term
component β1, and a medium term component β2 where γ > 0 is the
(common) decay parameter of the exponential decay terms:

λ(t) = β0 + β1 exp(−t/γ) + β2(t/γ) exp(−t/γ) ,

S(t) = exp
[
− β0t − β1t

1−exp(−t/γ)
t/γ

−β2t
(

1−exp(−t/γ)
t/γ − exp(−t/γ)

)]
.

(4.38)

The short-term hazard rate for t = 0 is therefore β0 + β1 while in
the long-term it converges to β0. The short-term factor β1 can also be
considered as an indicator of the slope of the hazard curve. The hump-
shape (U-shape) of the hazard rate curve is determined by β2 > 0
(β2 < 0) which has its maximum impact at t = γ.

The original Nelson and Siegel (1987) model was extended by Svens-
son (1994, 1995) by allowing for another hump- (or U-) shape. This
is easily done by adding another summand β3(t/γ2) exp(−t/γ2) to
the hazard rate function. This allows modeling of even more com-
plicated hazard rate structures while adding more parameters to the
model. Any number of similar extensions is imaginable. To avoid over-
parametrization these extensions are omitted here.
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Fig. 4.3. The Nelson and Siegel (1987) model
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period time horizon.

The Weibull Distribution

Another set of hazard functions can be derived from standard con-
tinuous univariate probability distributions, using them to model the
unconditional default probability. The advantage of this approach is
that these functions obey the standard boundary conditions and are
sufficiently researched. Analogous approaches are widespread in other
disciplines such as engineering where product reliability has to be as-
sessed.

Since the time variable is usually defined to be positive, a suitable
probability density function should assign non-zero probabilities only to
positive values of t. Otherwise, a case differentiation becomes necessary
to ensure the survival probability to be one at the starting time t0 = 0.

The extreme value theory suggests that the Weibull distribution cor-
rectly models the failure time when many competing failure processes
are combined. An example from sports helps explaining: In a race of a
large number of equivalent competitive participants, the winner’s time
is likely to follow a Weibull distribution. In an economic analogy, the
Weibull distribution should successfully model the default time when
the default of a sovereign debtor is determined by risk factors of roughly
equal probability such as political disruptions, external shocks, etc.

The Weibull distribution is determined by a shape and a scale pa-
rameter. A third parameter of the Weibull distribution, the location
parameter, is set to zero here so that the distribution is only defined
for non-negative values of t. The Weibull hazard function can show
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constant (γ = 1), decreasing (γ < 1) and increasing (γ > 1) intensities
(see Figure 4.4). The scale parameter stretches or compresses the run
of the curve.

Hazard function 3 (The Weibull distribution) Besides time t, the
two-parameter Weibull distribution (also called extreme value distribu-
tion type III) is determined by the shape parameter γ > 0, and the scale
parameter α > 0:

λ(t) = γ
α

(
t
α

)γ−1
,

S(t) = exp (−(t/α)γ) .
(4.39)

Fig. 4.4. The Weibull distribution
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Source: Author’s calculations. Survival and hazard function derived from the
Weibull distribution for different values of γ, while α = 15 during a 30 period time
horizon.

For 0 < γ ≤ 1, the probability density function is monotonically de-
clining with a non-existent mode. In Figure 4.4, this results in a sharply
decreasing and convex slope of the survival function. The hazard rate
is convex and monotonically declining.19 For γ = 1, the Weibull den-
sity becomes a special case of the exponential distribution with a flat
hazard rate. For γ > 1, the hazard rate is monotonically increasing.20

For 1 < γ < 2 the curve is concave and turns convex for γ > 2. The
resulting survival function shows an inflection point.

19 In engineering, this type of failure rate is associated with so called “early-type
failures” of just manufactured products, for which the failure rate decreases with
age.

20 This correspond to “wear-out types of failures” in engineering.
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The scale parameter α can be thought of as having the same units
as t and stretches the density function since it is directly proportional
to the function’s standard deviation.

The properties of probability distributions guarantee smooth and
consistent rates. Since the two-parameter Weibull distribution is only
defined for positive values of t, it ensures convergence of maturing issues
to their face value. For γ > 1, however, the hazard function is monoton-
ically increasing, leading to unbounded long-term rates, although this
drawback does not necessarily create problems within the usual range
of maturities.

The Gumbel Distribution

The disadvantage of the Weibull distribution is that the shape param-
eter γ creates very distinctive hazard rates making results difficult to
interpret. This reason has made the Gumbel maximum distribution—
another extreme value distribution—an attractive alternative. Mathe-
matically convenient to handle and easy to interpret, this distribution
depends on two parameters.

Hazard function 4 (The Gumbel distribution) The Gumbel dis-
tribution (also called extreme value distribution type I) is defined by the
location parameter α (which is the mode of the distribution density) and
the shape parameter β (which is proportional to the density’s standard
deviation),

λ(t) = 1
β

exp (−(t−α)/β)
exp (exp (−(t−α)/β))−1 ,

S(t) = 1 − exp (− exp (−(t − α)/β)) .
(4.40)

Note that the distribution can assign positive values to the density
when t is negative. This caveat must be addressed by a case distinction
for the unconditional default function in discrete time between t and
t + ∆:

Qt+∆ − Qt =

⎧⎨
⎩

e−e
−∆−α

β for t = 0

e−e
− t+∆−α

β − e−e
− t−α

β for t > 0
(4.41)

Given values of α and β at which the distribution is positive for val-
ues of t below zero, this case differentiation results in an immediate
non-zero unconditional default probability.21 Although this violates the
21 For α = 5 and β = 3, the immediate default probability at time t = 0 implied by

(4.41) would be 16%, for example.
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convergence condition, it can be argued that this makes sense empiri-
cally. During distress, it can be observed that bonds trade at a discount
until maturity. Bondholders are aware that the amortization payment
remains at risk until settlement because default often occurs upon ma-
turity if re-financing was not achieved.22

Since the mode of this density is α, the Gumbel distribution allows
modeling an unconditional probability curve which shows a maximum
at time t = α and has a standard deviation of π√

6
β. Each parameter

determines a different characteristic of the function. For instance, a
change of α only leads to a change in the location of the distribution
function without affecting the shape of the function. This makes this
distribution very illustrative.

Fig. 4.5. The Gumbel distribution
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Source: Author’s calculations. Survival and hazard function of the Gumbel
distribution for different combinations of α and β during a 30 period time horizon.

The density of the Gumbel distribution has a constant skewness
of 1.14 and kurtosis of 5.4. The hazard rate converges to the inverse
of the shape parameter β which avoids unrealistically large long run
rates under most circumstances. The typical term structure curves this
distribution forms are U-shaped due to the initial discount induced by
the case distinction and the monotonically increasing hazard function.
The model’s flexibility is therefore limited.

22 This was actually the case in the Dominican Republic where the restructuring
offer was launched during the grace period. However, unless default is imminent,
maturing bonds trade at lower yields rather than higher yields compared to the
average of all bonds.
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The Lognormal Distribution

Because observed forward spreads are not a monotonically increasing
(or decreasing) function, but show an initial increase in the medium
term and a decrease for long maturities, the lognormal distribution
might be an attractive alternative. Together with the Weibull distri-
bution, the lognormal distribution is a very popular assumption in re-
liability applications. In this regard the model can be motivated by
applying the central limit theorem to small multiplicative shocks con-
tributing to default. This is called “multiplicative degradation” and
has been used in semiconductor failure models. Assuming that default
occurs when this product reaches a critical amount, the default time
is described by a lognormal distribution. In the context of sovereign
default, it sounds economically intuitive that a credit event is triggered
by the multiplicative effect of shocks, such as disruptions in trade, a
speculative attack on the exchange rate, or a bank run.

In a simplified setting (assuming a zero location parameter), the
distribution is described by two parameters.

Hazard function 5 (The lognormal distribution) The function is
defined by a shape parameter, β > 0, and a scale parameter, τ > 0:

λ(t) = 1
βt

θ
(
(ln t−ln τ)/β)

)
Θ
(
−(ln t−ln τ)/β)

) ,

S(t) = 1 − Θ
(

ln t−ln τ
β

)
,

(4.42)

where Θ is the cumulative normal distribution function and θ is the
probability density function of the normal distribution.

In this model, the time to default assumes a lognormal distribution.
This implies that the natural logarithm of the default time follows a
normal distribution with mean τ and standard deviation β. The log-
normal distribution is skewed to the right, positively related to both
the scale and shape parameters. This model obeys the convergence
criterium since t must remain positive so that S(t0) = 1.23 The haz-
ard function can build a monotonically downward sloping curve or a
hump shape, but shows a limited flexibility otherwise (see Fig. 4.6). A
drawback for advanced calculations might be the lack of a closed form
solution for the cumulative density.

23 This is at least true for the above version of the lognormal distribution which
does not consider a location parameter.
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Fig. 4.6. The lognormal distribution

5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

S
ur

vi
va

l p
ro

ba
bi

lit
y

Period

=0.5, =5
=0.5, =10
=1.0, =10
=5.0, =10

0 10 20 30
0

0.1

0.2

0.3

0.4

0.5

H
az

ar
d 

ra
te

Period

=0.5, =5
=0.5, =10
=1.0, =10
=5.0, =10

Source: Author’s calculations. Survival and hazard function derived from the
lognormal distribution for combinations of β and τ during a 30 period time horizon.

4.3.3 Discussion

The discussion of the above models leads back to the dilemma that
all approaches have some advantages and disadvantages. Affine mod-
els provide a sufficient fit only when using multiple stochastic factors.
As affine models satisfy all of the evaluation criteria outlined in the
beginning of this section they have been at the forefront of empirical
analysis of credit spreads. For this study, however, there are two ob-
stacles. Firstly, as of today, affine models cannot accommodate more
sophisticated schemes of modeling recovery without resorting to very
burdensome computations. Secondly, affine models are not designed
for estimating default parameters cross-sectionally. This, however, is
the objective of the empirical section in Chap. 5 which estimates im-
plied default parameters to be used as feed for fundamental models of
sovereign risk.

Among parsimonious models (the route followed in this study), the
most popular model by Nelson and Siegel (1987) presents the bench-
mark other models are tested against in the first part of Chap. 5.
However, the Nelson-Siegel model suffers from some serious drawbacks.
Even in its standard form, the model results in parameter estimates in-
consistent with common properties of term structures since there are
essentially no restrictions which ensure positivity and finiteness of all
rates. To avoid problems on the short end of the curve, a handy so-
lution is to set the short rate equal to the hazard rate of the shortest
bond. This, however, is only makeshift, leaving aside many other pa-
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rameter combinations which can lead to inconsistent rates. Extremely
small values of the decay term can indicate this. On the long end of the
curve, a combination of an unrealistically large value of the long rate
can go hand in hand with a large decay rate. This leads to a good fit
only within the maturity range of the sample since the long rate slowly
converges to β0. To conclude, the Nelson-Siegel model is a powerful em-
pirical tool, although its ample flexibility can make some adjustments
necessary in practice.

The beauty of distributional models certainly is that they satisfy
the consistency and smoothness criteria. Furthermore, they fulfill the
convergence criterium (except for the Gumbel distribution), and are
well established in similar applications of related disciplines. Among
the distributional models, the Weibull model is easy to implement and
follows the appealing intuition of failure rate models. It has been used
extensively in related applications and provides reasonable flexibility.
However, the parameters are not as straightforward to interpret as,
for instance, in the Gumbel model. The Gumbel model proves to be
a capable model under distress-like circumstances (for instance in the
case study of the Argentine crisis in Andritzky (2005)) as it does not
require prices to converge to par at maturity. However, the model lacks
widespread use and presents only limited flexibility as the hazard rate
function is always positively sloped. Finally, the lognormal distribution
resembles economic intuition by modeling the multiplicative effect of
adverse shocks. One disadvantage is, however, that the shape parameter
α can be difficult to interpret. Even though the model seems to be
mathematically manageable, one has to bear in mind that there is no
closed formula for the cumulative distribution function of the standard
normal distribution.

Finally, the constant hazard rate model is certainly the most sim-
ple model, following the plain assumption that a constant fraction of
the surviving claims defaults each period. While complying with most
criteria, foremost no-arbitrage, the model lacks any flexibility in fitting
non-constant term structures of hazard rates. However, in combination
with a recovery of face value scheme, a constant hazard rate model
forms inverted term structures of bond spreads in times of distress
while resulting in a flat term structure when there is no distress. The
constant hazard rate model is therefore applied in Chap. 6 where the
empirical setup requires the most parsimonious model without compro-
mising on the no-arbitrage condition.

For the sake of the empirical analysis of bonds in Chap. 5, distribu-
tional models will be compared with the Nelson and Siegel (1987) model
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using data from Brazil. The empirical performance will supplement the
above discussion as to which model to pick for the subsequent appli-
cation on half a dozen sovereign emerging market issuers. The hazard
rate models chosen thereby allow for incorporating alternative concepts
of modeling recovery. The following section is dedicated to developing
such a model, reflecting the nature of sovereign default and restructur-
ings.

4.4 Modeling Recovery

Modeling recovery can be viewed from three perspectives. Chapter 3
has analyzed the recovery value which emerged from recent restructur-
ings. This ex post view helps to establish certain patterns of how recov-
ery is constituted. Besides distinguishing soft and hard restructurings,
the review showed the typical features of restructuring offers such as
maturity extension, treatment of past due interest, and nominal value
write offs. An analysis of this sort is, however, only a snapshot of the
past. The pattern of recovery develops in lock-step with the changing
nature of sovereign restructurings. Lately, Argentina set a new mile-
stone by its harsh restructuring, and other countries might follow suit.
The resulting variety makes it desirable to model recovery values with
as much flexibility as possible. This suggests a multifaceted approach
to modeling recovery which could include separate recovery fractions
for the nominal value and coupons, modeling maturity extension and
coupon reduction, and considering delays in the workout process.

The above view appears incompatible with the perspective of the
academic literature which is dominated by the recovery of market value
(RMV) scheme (see Sect. 4.1.3). The RMV model looks at recovery
in a very restrictive and narrow way. While the RMV model proves
easy to implement in intensity based models of credit risk, it does
not allow any conclusion regarding the expected recovery implied in
traded instruments. Alternative frameworks, such as the recovery of
face value (RFV) remain a burdensome way of modeling stochastic
recovery rates.24 Section 3.4.2 of the previous chapter described the
realized recovery values from recent sovereign restructurings with the
RMV and RFV frameworks. For the hard restructuring in Argentina,
the outcome suggests a 38% RFV fraction while the RMV fraction is
insignificant. The soft restructuring of Uruguay resulted in a 53% RFV
fraction and suggests a considerable RMV fraction. This finding is sup-
ported by the theoretical thoughts in Sect. 3.4.2. It has been argued
24 See Bakshi et al. (2001).
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that pari passu ranking claims upon acceleration should result in re-
covery values independent from their pre-default value when creditor
equity is enforced. Furthermore, intuition as well as empirical observa-
tions confirm the existence of a lower bound of the bond value even
when the credit event is inevitable. Both arguments contradict model-
ing recovery as a fraction of the pre-default market value only.

The following adopts a third perspective, carefully striking a balance
between the variety of ways the recovery values can actually be com-
prised and the information content provided by sovereign bond prices.
On one hand, it is not a sensible proposition that all market participants
assume detailed expectations on all facets of a future restructuring.
It is an impossible endeavor to extract market expectations on hair-
cuts, coupon reductions, or maturity extension from bond prices. On
the other hand, bond prices should contain some information about in-
vestors’ expectations on recovery values which goes beyond the abstract
concept of bond spreads. As a compromise, the following promotes the
concept of mixed recovery, combining RMV and RFV schemes in one
model and resembling the distinction of soft and hard restructurings.

The remainder of this section proceeds as follows. The classic RMV
scheme is described first and serves as a benchmark which is com-
pared to a mixed approach. The mixed recovery scheme does not rule
out that some fraction of the recovery is aligned with the pre-default
market value, but allows a recovery fraction which is proportional to
the outstanding par value. This approach is called mixed recovery and
presents a more careful interpretation of the empirical credit risk pa-
rameters than previous approaches such as Merrick (2001, 2005), Duffie
et al. (2003), and others.

4.4.1 Recovery of Market Value

This concept is predominant in the credit risk literature and enjoys high
popularity among practitioners. The simplicity induced by the RMV
scheme may have contributed to a widespread perception of irrelevance
of recovery for credit risk analysis. To recall the underlying assumption,
the following provides a formal definition of the RMV recovery scheme.

Recovery scheme 1 (Recovery of market value) In this concept,
the value received upon a credit event is assumed to be

ϕ = ψP (t−, T ), (4.43)

where ψ ∈ [0, 1] is the recovery fraction and P (t−, T ) = limt→τ P (t, T )
is the bond’s price one instant before the credit event.
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As previously mentioned, the RMV recovery term can be subsumed
into the risk-adjusted discount rate for an exogenously expected recov-
ery rate ψ, as in (4.36). The resulting risk spread is the product of the
intensity of default, λ, and ψ. In turn, the RMV scheme results in an
identification problem when both λ and ψ are assumed to be endoge-
nous. As a consequence, the RMV concept describes the default loss
risk in one handy figure—the credit spread—which incorporates the
event’s intensity and the corresponding recovery rate.

4.4.2 Mixed Recovery

The concept of mixed recovery introduced in this study is an expansion
of the traditional recovery of face (RFV) scheme. While it allows the
recovery to be proportional to the initial claim’s face value it does not
rule out that a part of the recovery value is proportional to the pre-
default market value:

Recovery scheme 2 (Mixed recovery) The mixed recovery value
is assumed to be comprised by two parts,

ϕ = ωN(t−) + ψP (t−, T ) , (4.44)

where ω, ψ > 0 are the recovery fractions of the face value, N(t−), and
the market value, P (t−, T ), respectively, an instant before the credit
event, t−.

Note that a positive RFV fraction ω provides some kind of a lower
bound to the bond value. If the risk-free rate is zero and default in-
tensities are positive, the price of a zero bond converges with longer
maturity to this boundary.

The model provides flexibility in so far as for ω = 0 it presents a
pure RMV model while for ψ = 0 it comprises a pure RFV framework.
In an empirical application, however, this enables the estimation of ω
under most conditions. In case of bonds trading homogenously close to
par so that N(t) � P (t, T ), it is obvious that RMV and RFV fractions
have the same effect.25 The resulting identification problem in the RFV
model does not allow a precise estimation of ω. Estimates of ω typically
show spikes and a large positive correlation to the default intensity.

The motivation for this kind of recovery model is twofold. From
an empirical stand point, Chap. 3 has provided some evidence that
a model like this is a useful description of actual recovery outcomes.
Furthermore, it is simple enough to yield estimates from non-defaulted
25 See Duffie and Singleton (1999), pp. 703ff.
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bond prices even before a distress episode. During distress, the default-
contingent value can make up a considerable portion of the total bond
value, allowing a more detailed analysis of investors’ recovery expec-
tations. When bonds trade at lower spreads, however, it might not be
possible to extract much information about recovery expectations from
bond prices as these nuances are obscured by the usual noise of market
prices.

4.4.3 Discussion

Since the term structure of default intensities under RMV looks similar
to a down-scaled term structure of credit spreads, their shape look very
familiar. Under distress, the term structure is typically inverted with
declining spreads for longer maturities. The left-hand plot in Fig. 4.7
illustrates this for single trading days before, during, and after the
Brazil crisis in 2002. Some recovery of face fraction, however, provides
a lower bound for bond prices, especially for longer term issues. The
resulting term structure of default intensities, in turn, remains flat or
is slightly increasing (see right-hand plot in Fig. 4.7).

Fig. 4.7. Term structure of intensities for Brazil under RMV and mixed
recovery with ψ = 0% and ω = 25%
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Source: Datastream, author’s calculations. Intensity term structure implied from
Brazil US dollar bonds on May 22, 2002 (+), July 29, 2002 (x), and January 28,
2003 (*) for a pure RMV model with zero recovery (left plot) and a fixed recovery
of face value of 25% (right plot).

A model allowing for an endogenous recovery fraction of face does
not therefore necessarily require a high flexibility with regard to term
structure curvatures. Simpler, parsimonious models do an equally good
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job in fitting intensity structures emanating from models which allow
for endogenous RFV. This difference, however, is only relevant under
considerable default risk while remaining irrelevant when spreads are
low.

Empirical estimations of the RFV fraction can lead to an identifi-
cation problem for high quality issuers. Any model of recovery which
allows for more flexible recovery schemes is vulnerable with respect
to over-parametrization. Duffie et al. (2003) encounter this problem
when distinguishing recoveries from default, restructuring, and regime
switches.26 Even if this specification would take the model of recov-
ery closer to reality, the empirical estimation of all implied recovery
parameters is beyond the information content offered by bond price
data.

For this reason, the model used in the empirical section of Chap. 5
foregoes further extensions which could take the recovery model even
closer to the true model. Among these extensions is the joint stochas-
tic modeling of recovery and default intensity, reflecting the fact that
both parameters are correlated and fluctuate over time. Furthermore,
the finding in Chap. 3 of systematically positive rents in restructuring
transactions suggests the existence of a risk premium on restructurings.
This is in line with market sources that indicate that investors prefer
to stay away from the restructuring process and sell their position in
advance. These extensions outside the scope of this study remain chal-
lenges for future research.

4.5 Empirical Implementation

A crucial part of an empirical analysis is the way model parameters are
estimated from observed data. Empirical research in emerging mar-
kets often faces challenges when it comes to empirical estimations of
established models as the data quality is usually inferior to that of
industrialized countries. With regard to bond prices, there are only a
few countries with sufficient market data to estimate a model as out-
lined above. Excluding Brady restructurings, many countries have just
recently begun to tap the sovereign global bond market (such as Viet-
nam) or remain unable to expand its issuing activity (such as Ecuador).
In the meantime, many of the big market players (along with Russia and
South Africa and many transition countries in Eastern Europe) have
emerged as investment grade debtors, shedding most of the sovereign

26 See Duffie et al. (2003), p. 128.
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risk this study is interested in. This limits the scope of the empirical
analysis in Chap. 5 to a few countries for which an empirical analysis
can yield insightful results. The following identifies suitable estimation
techniques to optimally exploit the bond data of those countries and
gain robust results.

An empirical analysis of bond data can be based on two kinds of
dependent variables, bond prices and bond yields. Due to the predomi-
nance of affine models under the RMV assumption, the empirical litera-
ture has relied largely on yield analysis as this is computationally more
tractable. Bond prices are analyzed only if required by the underlying
model, for instance when using a different recovery assumption.27 Mod-
els of the yield term structure cannot easily be transformed into models
of bond prices with definable stochastic properties: if a term structure
is, for instance, defined by a Brownian diffusion, model prices will, in
turn, be neither homoscedastic nor lognormally distributed for different
maturities and coupons.

For recovery assumptions other than RMV, it is necessary to model
bond prices rather than bond yields. As there is no simple way to solve
a bond price formula for the implied yield, it would be computationally
burdensome to base the empirical estimation on fitting a term structure
model of yields or spreads.28 For the model outlined in the previous
section, for instance, this would imply a nested two-step optimization.29

Such an approach proves computationally impossible to tackle.
The empirical implementation is therefore based on cross sections

of bond prices. Maximum likelihood is an asymptotically efficient es-
timation method, even though little is known about the finite-sample
properties (especially in the context of the outlined credit risk models).
Many applications have switched to quasi maximum likelihood (QML)
where the exact probability distribution is unknown or intractable.
Only for a few cases, such as the Vasicek (1977) or Cox et al. (1985a)
models of the interest rate, there is a closed form solution for the like-
lihood function, whereas other models need to be solved numerically.

Following the prominence of QML estimations for computational
performance, the bond price model is calibrated by minimizing the
root mean squared error (RMSE) with regard to the parameter vector
Θ,

27 See for example Claessens and Pennacchi (1996), or Merrick (2001).
28 See Bakshi et al. (2001).
29 In a first step, the intensity structure has to be inferred for an estimated recovery

fraction, which in turn is fitted by the term structure model.
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min
Θ

√√√√ 1
n

N∑
n=1

εRMSE
n , (4.45)

where

εRMSE
n =

( P̂n − Pn

Pn

)2
, (4.46)

with Pn being the fitted bond model price of bond n in a cross section
with N bonds and P̂n being its observed dirty market price. The RMSE
corresponds to the maximum likelihood estimator when bond prices are
homogenously distributed.

If yields are homoscedastic (as they are usually assumed to be),
bond prices are not homoscedastic. Bond prices with long (short) du-
rations show a high (low) sensitivity to changes in the yield. This is
also obvious from the characteristic convergence of bond prices to par
at maturity.30 Bliss (1997) suggests a correction for this heteroscedas-
ticity by weighting the errors with the inverse of the Macauley duration
Dn of each bond (see Definition 12):

wn =
1/Dn∑N

n=1 1/Dn

, (4.47)

which is multiplied with the error term εRMSE
n in the minimization func-

tion. Comparing estimation results with equal and duration weighting,
differences in parameter estimates and in-sample errors prove not to
be significant. All estimates are nevertheless conducted with duration
weighting.

While this approach has a clear econometric motivation, other
weighting proposals are harder to justify. Subramanian (2001), for in-
stance, suggests a corresponding weighting by liquidity (using instru-
mental variables such as the number of trades, the size of trades, and
bid-ask spreads). Less liquid issues, which are presumed to have higher
pricing errors, receive less weight in the optimization function.31 Re-
lated corrections could be introduced which control for coupon effects
et cetera, but these suggestions remain hypothetical. Chapter 5 will
discuss these arguments based on an assessment of the goodness of fit.

Although minimizing pricing errors in the form of QML estimators
yields estimates at any point in time, the approach makes no use of the
time series characteristic of the data. As a result, the econometrician

30 See, among others, Vasicek and Fong (1982).
31 This, however, does not address the usual notion that less liquid issues trade at

a discount.
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has to accept large jumps of the estimated parameters from observation
to observation. The course of the parameters over time has a jagged
form, sensitive to price movement of single bonds. By defining the un-
observable state variables which determine the bond model value as
a stochastic process, the time series characteristic of the data could
be exploited. However, this requires the additional restriction that the
parameter movements assume some stochastic process. The empirical
results of this study do not impose this additional assumption as it
presents a trade-off in the goodness-of-fit to the weekly data.32

4.6 Concluding Remarks

This chapter has illustrated different approaches of default probability
models and ways to mathematically describe the recovery value. Intro-
ducing the models of hazard rates and recovery in the bond pricing
formula, the resulting model is well suited to describe cross-sectional
bond prices from sovereigns with substantial default risk and a wide
range of maturities and coupons. The following briefly outlines the fi-
nal model and the estimation strategy of the following chapter, and
establishes criteria for model evaluation.

The model estimated in Chap. 5 (and parts of Chap. 6) uses the
standard formula for dirty bond prices as in (4.9),

P (t0, T ) =
I∑

i=1

Ci exp(−
∫ ti

t0

ru + λu du)

+
I∑

i=1+g

Ni exp(−
∫ ti

t0

ru + λu du)

+ ϕ
I∑

i=1

exp(−
∫ ti

t0

rudu)

(
exp(−

∫ ti−1

t0

λudu) − exp(−
∫ ti

t0

λudu)
)
,

where the hazard rate λ is modeled along parsimonious hazard func-
tions 1 to 5. Recovery is assumed to follow the mixed concept of (4.44),
32 See Andritzky (2004a) for an example of fitting similar models to sovereign bond

data from Russia and Turkey. The implied default parameters are assumed to
follow a Gaussian diffusion process. Estimates are gained through an extended
Kalman filter. Applying a similar approach to the models used herein resulted in
a significantly inferior fit.
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ϕ = ωN(t−) + ψP (t−, T ) .

However, the empirical estimations suffer from an identification prob-
lem if ψ > 0 since this parameter occurs, in a reformulation of the
bond price formula (4.9), only in the first two summands as the prod-
uct λ(1 − ψ). Estimations using bond price data in Chap. 5 therefore
use the restriction ψ = 0 which leads back to a pure RFV scheme.
However, both parameters, ω and ψ, are estimated in Chap. 6 when
bond and credit default swap data are combined. Implied estimates of
the hazard rate parameters and the recovery fraction ω are found by
minimizing the root mean squared error from (4.45) and (4.46) using
duration weighting along (4.47).

Although all hazard rate models introduced in Sect. 4.3.2 have their
virtue, the empirical application will reveal their performance in fitting
observed bond prices. The assessment of the model performance re-
quires checking the econometric properties of residuals and testing for
the robustness of the estimates. The latter is given when point esti-
mates are not affected by the choice of starting values in the optimiza-
tion and are robust to small alterations in the sample. These are general
prerequisites (to which all models broadly comply), whereas goodness-
of-fit criteria play a more decisive role in evaluating the suitability of
the model. First, the goodness-of-fit is assessed by the in-sample-fit.
In this case, the mean squared residuals of the models are calculated
for individual bonds as well as for different subsamples of bonds. The
objective is to determine the model with the overall best in-sample
fit and discard models that cause biased bond price estimates in sub-
samples. Second, the out-of-sample analysis provides another check.
Usually, out-of-sample errors are calculated by excluding single obser-
vations from the estimation and subsequently, using the estimation re-
sult as a forecast for the omitted observation, comparing the forecast to
the actual data. In this study, a slightly more sophisticated analysis is
employed by implementing a trading strategy based on naive forecasts
to test for the predictive ability of the respective model. The trading
strategy is based on the assumption that the model indicates the fair
price of a bond to which it will converge. In the long-neutral trading
strategy, a long position is incurred when the model’s price exceeds
the market price by at least 1%. Otherwise, the funds are invested at
the risk-free rate. The long-short strategy incurs an additional short
position when the market price exceeds the model’s price by at least
1%. Both strategies are implemented under alternative assumptions of
zero trading costs and transaction costs of 25 basis points of the bond’s
value for each purchase or sale. Besides the returns of such strategies,
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the Sharpe ratio, i.e. the ratio of excess return to its standard deviation
as in Sharpe (1994), is calculated and compared to a simple buy-and-
hold strategy of an equally weighted portfolio of the respective bonds.
Another out-of-sample indicator is the forecasting ability of the model.
The unconditional forecasting probability is the probability that the
trading strategy correctly projects the direction of the market. The
conditional forecasting probability is the sum of the two conditional
probabilities for a correct forecast given market up- and downturns,
respectively. According to Merton (1981), this figure is required to be
above one as a necessary and sufficient condition for market timing.



5

Empirical Estimations

Based on the models of sovereign bonds in Chap. 4, this chapter
presents empirical estimations for major sovereign bond issuers in
emerging markets. The analysis serves two purposes. First, it provides
some evidence on the adequacy of the bond value models outlined. In-
deed, the estimations prove a remarkable in-sample fit of bond value
models which allow for the recovery of a fraction of par. Second, implied
credit risk parameters for the respective emerging market countries are
calculated which allows a cross-country comparison. This advances the
analysis of sovereign risk contained in pari passu ranking bonds from
simply observing a country’s average risk spread.

The data used for this analysis is gathered from mainstream data
sources. Information about bond features is drawn from Bloomberg.
Time series data of clean mid market prices are obtained from Datas-
tream. To avoid distortions due to differences between bond trading
in the U.S. and Europe, estimates utilize data from US dollar denomi-
nated bonds only as this is the most common currency of denomination.
Some countries with strong relations to the euro area, such as Turkey,
have a considerable number of euro denominated bonds outstanding.
A few countries have issued bonds denominated in other foreign cur-
rencies like the Japanese yen, the British pound, or the Swiss franc.
US dollar denominated global bonds therefore offer the largest range
of instruments from which to extract information on sovereign risk.
Local currency denominated bonds are not the subject to this study
as these instruments cannot be compared internationally. The risk-free
term structure is directly obtained from US swap rates provided by
Datastream.

The remainder of the chapter is structured as follows. In the first sec-
tion, a comprehensive data set of Brazil bonds is exploited to compare
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the different models introduced in Chap. 4. Based on the evaluation
criteria outlined in the previous chapter, the best performing model is
used to obtain estimates for the remaining countries in Sect. 5.2.

5.1 Empirical Model Comparison

Based on the extraordinarily rich data set of Brazil US dollar denomi-
nated bonds, the models outlined in Chap. 4 will be estimated and their
results compared. The bond sample provides a sufficient data set for
the years 2000 through 2004. During this time frame, Brazil was, with
close to 20%, the largest weight of the JP Morgan EMBI index fam-
ily, only temporarily topped by Mexico and Argentina (before 2002).
This period reflects a variety of economic circumstances. The country
was affected by the Argentine crisis in 2001 and suffered from a serious
confidence crisis in 2002. In the last years, the government succeeded
in restoring fiscal performance and market confidence, pushing down
spreads to historic lows.

In contrast to the EMBIG index which excludes bonds below an
outstanding amount of $500 million or of less than six months maturity,
the sample applied in this study utilizes all available data. An exception
to this are Brady bonds, floating rate notes (the 2004 Brazil 2009 US$
float), and bonds with contractual features difficult to evaluate such as
put or call options (the 2000 Bra 2040 US$ 11%). The resulting sample
is shown in Table 5.1.

In the following, the alternate hazard rate models from Chap. 4 are
compared to a standard Nelson-Siegel model (see Sect. 4.3.2) with the
traditional recovery of market value scheme, which serves as bench-
mark. In contrast to standard applications of term structure models,
the models are not fitted to bond yields or spreads, but to the dura-
tion weighted bond prices (see Sect. 4.5) to enable different models of
endogenous recovery.

5.1.1 The Nelson-Siegel Model

Following the standard approach of term structure estimation, a Nelson-
Siegel model as described in Sect. 4.3.2 is estimated, using the standard
recovery of market value scheme. In contrast to most other studies, the
model is applied on a cross section of bond prices (rather than spreads).
Although this takes the error statistics to a different range, the resulting
shapes of the term structures are broadly comparable. In accordance
with the standard setting of the model, this section assumes a fractional
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Table 5.1. Sample of Brazilian global bonds

Name First cou- Maturity Par Obs Price range
pon date date ($mln) Min Mean Max

1997 Bra 2027 10.125% US$ 15-Nov-1997 15-May-2027 3500 258 41.51 79.09 114.43
1998 Bra 2008 9.375% US$ 07-Oct-1998 07-Apr-2008 1250 258 48.41 86.80 111.85
1999 Bra 2009 14.5% US$ 15-Apr-2000 15-Oct-2009 2000 258 57.24 107.35 135.95
2000 Bra 2007 11.25% US$ 26-Jan-2001 26-Jul-2007 1500 232 52.25 97.56 118.50
2000 Bra 2030 12.25% US$ 06-Sep-2000 06-Mar-2030 1600 252 46.06 92.24 132.25
2000 Bra 2020 12.75% US$ 15-Jul-2000 15-Jan-2020 1000 258 47.13 96.04 135.47
2001 Bra 2006 10.25% US$ 11-Jul-2001 11-Jan-2006 1500 208 58.78 97.57 112.50
2001 Bra 2024 8.875% US$ 15-Apr-2001 15-Apr-2024 2150 198 38.82 72.04 104.06
2001 Bra 2005 9.625% US$ 15-Jan-2002 15-Jul-2005 1000 190 63.63 97.26 110.33
2002 Bra 2008 11.5% US$ 12-Sep-2002 12-Mar-2008 1250 147 51.63 97.85 119.80
2002 Bra 2012 11% US$ 11-Jul-2002 11-Jan-2012 1250 155 45.94 92.49 121.25
2002 Bra 2010 12% US$ 15-Oct-2002 15-Apr-2010 1000 142 50.13 97.63 123.88
2003 Bra 2013 10.25% US$ 17-Dec-2003 17-Jun-2013 1250 81 87.50 103.43 117.70
2003 Bra 2011 10% US$ 07-Feb-2004 07-Aug-2011 1250 74 88.00 103.97 115.88
2003 Bra 2007 10% US$ 16-Jul-2003 16-Jan-2007 1000 87 99.70 107.77 114.36
2003 Bra 2019 8.875% US$ 14-Apr-2005 14-Oct-2019 833 64 68.08 88.73 103.84
2003 Bra 2010 9.25% US$ 22-Apr-2004 22-Oct-2010 1500 63 91.15 103.12 112.00
2004 Bra 2014 10.5% US$ 14-Jan-2005 14-Jul-2014 1250 25 97.20 109.64 118.83
2004 Bra 2034 8.25% US$ 20-Jul-2004 20-Jan-2034 1500 47 67.25 83.96 97.13

Source: Datastream, Bloomberg, JP Morgan.

recovery of market value in case of a credit event. As suggested in the
previous chapter, the bond with the shortest maturity in the sample
directly determines the corresponding (short) rate.

Table 5.2 shows the mean of the resulting parameter estimates and
their standard deviation. The corresponding term structures are illus-
trated in Fig. 5.1. They show a characteristically inverted term struc-
ture of spreads during the Brazilian crisis in 2002–2003. During this
time, the short-term factor β1 is large and positive. The curvature pa-
rameter, β2, tends to be negative in the earlier periods, indicating a
U-shaped term structure, but turns positive later on, resulting in a
hump-shaped curvature.

Table 5.3 provides a look at the in-sample accuracy provided by
the estimation, illustrated per individual bond and year. Although the
data get more complete during the time frame, pricing errors remain
broadly homogeneous. While the overall pricing error of 2.07% is much
higher than usual model errors from corporate and treasury markets in
industrialized countries, the fit is within the same range as comparable
studies, such as Merrick (2001). The increase in errors during the time
window, peaking in 2002, can be attributed to the higher risk spreads
during the Brazil crisis.

Partitioned by year and residual maturity, it becomes evident that
the long maturity issues carry the largest pricing error (see Table 5.4).
Bonds with a final maturity of less than 10 years, however, do not
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Fig. 5.1. Brazilian term structures of the default loss intensity

Source: Author’s calculations. Surface of weekly default loss intensity term structure
implied by weekly estimates of the Nelson-Siegel model for maturities of up to 30
years.

Table 5.2. Estimated weekly parameters for the Nelson-Siegel model

2000 2001 2002 2003 2004

β0 0.0820 0.110 0.0555 0.0364 0.0363
(0.0186) (0.0135) (0.0398) (0.0212) (0.0203)

β1 -0.0343 -0.0422 0.0723 0.0143 -0.0241
(0.0192) (0.0133) (0.0895) (0.0444) (0.0135)

β2 -0.0999 -0.0956 0.115 0.134 0.0936
(0.0697) (0.0297) (0.171) (0.0763) (0.0505)

log(γ) 0.506 0.719 1.08 1.74 1.54
(0.141) (0.287) (0.743) (0.452) (0.466)

N 43 52 52 52 53
mean(n) 5.5 8.4 11.5 14.0 18.4

Source: Author’s calculations. The parameters β0, β1, β2 as well as γ determine the
curvature of the spread term structure. The table shows mean values of the weekly
estimations and their standard deviation for Brazil. N is the number of weekly
observations per year while n is the average number of bond prices observed each
week.

show a consistent pattern of larger pricing errors for longer maturities.
Neither does the direction of the pricing error reveal any regularity.

To indicate the impact of crises on the model’s performance, Table
5.5 presents error statistics categorized by individual bond prices and
country spreads according to the EMBIG subindex for Brazil. This of-
fers clear evidence that the in-sample fit decreases when spreads rise
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Table 5.3. In-sample pricing errors for the Nelson-Siegel model

2000 2001 2002 2003 2004 Total

1997 Bra 2027 10.125% 2.02 2.22 1.76 1.23 0.965 1.69
1998 Bra 2008 9.375% 2.02 2.89 1.68 0.971 0.527 1.81
1999 Bra 2009 14.5% 2.74 3.08 1.40 1.63 1.10 2.11
2000 Bra 2007 11.25% 1.05 1.04 1.30 0.985 0.566 1.01
2000 Bra 2030 12.25% 0.913 2.05 3.61 2.70 3.31 2.74
2000 Bra 2020 12.75% 1.02 1.79 3.35 2.38 2.55 2.39
2001 Bra 2006 10.25% - 0.995 1.24 1.79 1.15 1.33
2001 Bra 2024 8.875% - 2.22 5.00 2.54 1.72 3.17
2001 Bra 2005 9.625% - 1.60 2.97 3.13 1.30 2.45
2002 Bra 2008 11.5% - - 1.23 0.868 0.59 0.908
2002 Bra 2012 11% - - 1.60 1.35 0.462 1.23
2002 Bra 2010 12% - - 1.23 1.09 0.986 1.09
2003 Bra 2013 10.25% - - - 1.53 0.828 1.12
2003 Bra 2011 10% - - - 0.582 0.434 0.481
2003 Bra 2007 10% - - - 0.725 0.881 0.824
2003 Bra 2019 8.875% - - - 7.15 3.21 4.16
2003 Bra 2010 9.25% - - - 0.568 1.02 0.965
2004 Bra 2014 10.5% - - - - 0.633 0.633
2004 Bra 2034 8.25% - - - - 2.09 2.09
Total 1.81 2.12 2.54 1.98 1.56 1.99

Source: Author’s calculations. Means of the RMSE in percent for each of the n
bonds per year as well as totals.

Table 5.4. RMSE (%) per maturity bucket and year for the Nelson-Siegel
model

2000 2001 2002 2003 2004 Total

0–1 years - - - - 0.726 0.726
1–5 years - 1.27 2.22 1.73 0.895 1.52
5–10 years 2.19 2.51 1.38 1.28 0.837 1.55
10+ years 1.41 2.07 3.62 2.75 2.46 2.63

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category for Brazil.

and prices fall. Again, the direction of the error does not provide evi-
dence of strongly biased estimates.

The out-of-sample analysis (Table 5.6) indicates positive returns for
both long-neutral and long-short trading strategies, although these do
not outperform a pure buy-and-hold investment, both before and after
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Table 5.5. RMSE (%) per EMBIG spread and clean market price for the
Nelson-Siegel model

0–250 bps 250–500 bps 500-1000 bps 1000+ bps Total

0%–50% - - - 5.22 5.22
50%–75% - - 2.15 2.56 2.47
75%–100% - 2.39 1.85 2.35 1.97
100%–125% - 1.01 1.72 2.94 1.56
125% or higher - 1.96 1.24 - 1.83
Total - 1.38 1.81 2.80 1.99

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category. Spreads refer to the JP Morgan EMBIG
subindex for Brazil.

deducting transaction costs. A good portion of the buy-and-hold re-
turn was earned during 2003 and 2004, when Brazil spreads tightened
considerably. The active trading strategies maintain overall a smaller
exposure to these swings and participate neither in the largest losses nor
in the largest gains. The resulting standard deviation is therefore much
smaller, resulting in a superior Sharpe ratio for the long-neutral strat-
egy even after trading costs. After costs, the long-short strategy ceases
to outperform the passive investment. The unconditional probability of
correct forecasts is considerably higher than 50% for the long-neutral
strategy only. The second measure of the conditional predictive ability
is slightly above the threshold of one, indicating the model does not
exhibit a significant predictive ability.

Table 5.6. Performance measures of different trading strategies

Bond Long-neutral Long-short Buy-hold

Compounded return 0.078 0.035 0.13
Simple return 0.081 0.036 0.14
Sharpe ratio 1.2 1.1 0.73
Compounded return after costs 0.071 0.021 0.13
Sharpe ratio after costs 1.1 0.34 0.73
Unconditional probability 0.65 0.52
Conditional probability 1.1 0.81

Source: Author’s calculations. All returns and Sharpe ratios are based on annualized
figures based on trading strategies using price deviations from the Nelson-Siegel
model for Brazil.
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5.1.2 Two-factor Nelson-Siegel With RFV

Results of the standard Nelson-Siegel model can be compared with a
simplified version of the model which restricts β2 to remain zero. The
term structure is therefore solely determined by a short-term and a
long-term rate, plus the decay factor γ which describes the term curve’s
transition from the short to the long rate. To ensure non-negativity of
the short rates, β0+β1 is restricted to be equal to or larger than zero, a
somewhat weaker restriction than in the standard Nelson-Siegel model.
As substitute for the β2 parameter, the model allows the endogenous
determination of a recovery parameter describing the fractional recov-
ery of face value, ω ∈ [0, 1].1 While in the previous section the four
parameters estimated weekly were β0, β1, β2, and γ, this section esti-
mates β0, β1, γ, and ω.

Fig. 5.2. Surface of Brazilian intensity term structures

Source: Author’s calculations. Intensity term structure implied by weekly estima-
tions of the simplified Nelson-Siegel model with endogenous recovery of face value
for maturities between one and 30 years.

This section attempts to evaluate whether an RFV-based model
provides a better fit to the bond price data than the previous RMV-
based model. This aspect is of particular relevance during periods of
crises when the recovery value makes up a substantial portion of the
total bond value. While maintaining the same number of parameters
to estimate, the result will yield an answer to the question whether a
1 However, it is possible to estimate the standard Nelson-Siegel model together

with ω, but results show no significantly improved fit compared to this simplified
version.
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larger degree of freedom with regard to shapes of the term structure, or
a bond model with endogenous recovery describe the bond data better.

Table 5.7. Estimated weekly parameters for the two-factor Nelson-Siegel
model with endogenous recovery

2000 2001 2002 2003 2004

β0 0.603 0.830 0.344 0.147 0.147
(0.300) (0.119) (0.246) (0.0431) (0.209)

β1 -0.567 -0.775 -0.211 -0.147 -0.142
(0.322) (0.114) (0.311) (0.0434) (0.192)

γ 3.80 4.22 2.00 0.166 0.751
(0.674) (0.394) (1.970) (0.407) (1.06)

ω 0.297 0.206 0.190 0.286 0.326
(0.0537) (0.0646) (0.0314) (0.0851) (0.0533)

N 43 52 52 52 53
mean(n) 5.5 8.4 11.5 14.0 18.4

Source: Author’s calculations. The results are the mean and standard deviation of
the weekly estimated parameters β0, β1 as well as γ, which determine the curvature
of the spread term structure. In this version of a two-factor Nelson-Siegel model, β2

is restricted to remain zero. The model estimates simultaneously the endogenous
recovery of face value, ω. N is the number of weekly observations and n the average
cross sectional bond sample size.

Table 5.7 displays the resulting parameter estimates and Fig. 5.2
illustrates the resulting shapes of the intensity term structure. Before,
Fig. 5.1 showed a term structure which effectively represented the de-
fault loss intensity λ(1−ψ) where ψ is the recovery fraction of market
value. The resulting recovery value ϕ equals a fraction of the bond’s
market price just prior to the credit event, ψ(t)P (t−, T ). Fig. 5.2 dis-
plays the corresponding intensity when the recovery value is comprised
of an RFV fraction ω. As a consequence of separating the RFV recov-
ery fraction, the intensities in Fig. 5.2 are much higher for given bond
prices than in Fig. 5.1.

As indicated in Table 5.7, the RFV fraction ω is significantly differ-
ent from zero. This means that the RFV model does not collapse into
an RMV-style model (which would be the case if ω = 0). Recovery of
face value fractions range from 12% to 32%, apparently decreasing dur-
ing crises. This supports the existence of an additional RMV fraction
(in a mixed recovery layout) since the values of ω can be considered
too low to constitute the entire recovery value.
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However, some caveats apply to the results. The long-term factor
β0 is unrealistically high during the first years. However, this does not
come into effect due to the large values of the decay factor γ. It is
characteristic for an RFV type model to show flat or increasing intensity
curves even when the term structure of spreads is inverted. In 2003, the
short-term component β1 brings the short rate down to zero which is
not an unusual result in empirical applications.2

Table 5.8. RMSE (%) per bond and year for the two-factor Nelson-Siegel
model

2000 2001 2002 2003 2004 Total

1997 Bra 2027 10.125% 0.649 1.01 0.495 1.01 0.907 0.847
1998 Bra 2008 9.375% 1.14 2.62 1.75 1.13 0.569 1.61
1999 Bra 2009 14.5% 1.58 2.01 1.38 0.798 0.583 1.36
2000 Bra 2007 11.25% 0.901 1.00 1.47 1.24 0.542 1.1
2000 Bra 2030 12.25% 0.661 1.01 1.07 0.744 0.624 0.846
2000 Bra 2020 12.75% 1.06 0.997 1.17 0.819 0.564 0.94
2001 Bra 2006 10.25% - 0.935 0.967 0.792 0.985 0.923
2001 Bra 2024 8.875% - 0.872 0.927 1.62 0.865 1.13
2001 Bra 2005 9.625% - 2.06 1.59 1.59 1.11 1.57
2002 Bra 2008 11.5% - - 1.09 0.959 0.555 0.882
2002 Bra 2012 11% - - 1.55 1.29 0.496 1.19
2002 Bra 2010 12% - - 0.988 0.72 0.801 0.827
2003 Bra 2013 10.25% - - - 1.48 0.728 1.05
2003 Bra 2011 10% - - - 0.587 0.456 0.497
2003 Bra 2007 10% - - - 0.555 0.759 0.686
2003 Bra 2019 8.875% - - - 4.54 2.26 2.79
2003 Bra 2010 9.25% - - - 0.574 0.666 0.652
2004 Bra 2014 10.5% - - - - 0.348 0.348
2004 Bra 2034 8.25% - - - - 0.949 0.949
Total 1.06 1.51 1.26 1.21 0.884 1.16

Source: Author’s calculations. Mean values of the RMSE in percent for each of the
n bonds per year as well as totals.

Results in Table 5.8 provide a better in-sample fit of the model with
endogenous recovery of face value than a standard Nelson-Siegel model,
although the number of estimated parameters remains the same. The fit
improves considerably during the turbulent period between 2001 and
2 With regard to sovereign bond markets, see Alper et al. (2004) for similar findings

from Nelson-Siegel models as well as Rocha and Garcia (2005), and Yeh and Lin
(2003) for affine models.
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2003. Additionally, the overall fit for each bond issue is consistently
better, reducing the large errors emanating from the 2003 Bra 2019
8.875% bond. A major portion of the improved fit stems from long-
term bonds as the pricing error appears to be less dependent on residual
maturity (see Table 5.9).

Table 5.10 illustrates the model’s strong performance especially dur-
ing periods of distress. In comparison to the standard Nelson-Siegel
model, the RMSE results are cut in half for spreads above 1,000 basis
points, and the error for bonds trading below 50% dropped from 5.2 to
1.2. Although RMSE results are still slightly higher when spreads are
high, errors now appear to be unrelated to the bonds’ price range.

Table 5.9. RMSE (%) per maturity bucket and year for the two-factor Nelson-
Siegel model

2000 2001 2002 2003 2004 Total

0–1 years - - - - 0.576 0.576
1–5 years - 1.48 1.52 1.08 0.787 1.12
5–10 years 1.29 1.99 1.33 1.07 0.625 1.23
10+ years 0.812 0.979 0.950 1.48 1.18 1.14

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category for Brazil.

Table 5.10. RMSE (%) per EMBIG spread and clean market price for the
two-factor Nelson-Siegel model

0–250 bps 250–500 bps 500-1000 bps 1000+ bps Total

0%–50% - - - 1.22 1.22
50%–75% - - 0.881 1.54 1.41
75%–100% - 1.47 1.26 1.44 1.31
100%–125% - 0.682 1.01 1.27 0.929
125% or higher - 0.389 0.593 - 0.439
Total - 0.778 1.13 1.48 1.16

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category. Spreads refer to the JP Morgan EMBIG
subindex for Brazil.

Out-of-sample results, however, do not indicate much improvement
in predictive ability over the standard Nelson-Siegel model (see Ta-
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Table 5.11. Performance measures of different trading strategies

Bond Long-neutral Long-short Buy-hold

Compounded return 0.059 0.044 0.13
Simple return 0.061 0.045 0.14
Sharpe ratio 1.1 1.8 0.74
Compounded return after costs 0.050 0.028 0.13
Sharpe ratio after costs 0.91 0.81 0.74
Unconditional probability 0.67 0.53
Conditional probability 1.1 0.92

Source: Author’s calculations. All returns and Sharpe ratios are based on annual-
ized figures based on trading strategies using price deviations from the two-factor
Nelson-Siegel model for Brazil.

ble 5.11). Returns prove lower for the long-neutral strategy while be-
ing slightly higher for the long-short strategy. However, the respective
standard deviations appear to be disproportionally lower, resulting in
better Sharpe ratios for both active strategies before and after costs.
The measures for the predictive ability of the model are slightly better
than in the standard Nelson-Siegel model.

5.1.3 The Weibull Model With RFV

This and the following models use functional forms of probability dis-
tributions to fit the term structure. While presenting an even more
parsimonious parametrization than the previous models, the approach
shows a still acceptable in-sample fit. In the following, the Weibull
model (see Sect. 4.3.2) is combined with the endogenous estimation
of the recovery fraction of face value. The estimated parameters are
the shape parameter γ, the scale parameter α as well as the recovery
fraction ω.

The estimated time series of implied credit risk parameters excludes
seven observations in 2000 which indicated values for γ above 2.2. Such
values result in extremely high hazard rates at the long end which
exceed one and would be out of the range of the illustration in Fig.
5.3. However, this adjustment does not change the total mean pricing
residual. The total number of weekly estimates in 2000 remains similar
to those of the previous models as the smaller number of parameters
facilitates the estimation with a smaller cross section. While the inten-
sities at the short end are comparable to the simplified Nelson-Siegel
model, the Weibull model results in higher long-term intensities, espe-
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Fig. 5.3. Surface of Brazilian intensity term structures

Source: Author’s calculations. Term structure implied by weekly estimates of the
Weibull model for maturities of up to 30 years.

cially in December 2000 and during all of 2002. However, the overall
result closely resembles Fig. 5.2 from the previous model.

Table 5.12. Estimated weekly parameters for the Weibull model

2000 2001 2002 2003 2004

γ 1.41 1.44 1.14 1.26 1.31
(0.265) (0.200) (0.161) (0.0894) (0.0867)

α 11.2 9.24 6.79 8.25 11.7
(1.12) (0.735) (3.16) (1.76) (1.64)

ω 0.298 0.193 0.187 0.323 0.364
(0.0557) (0.0711) (0.04) (0.0807) (0.0537)

N 42 52 52 52 53
mean(n) 5.2 8.4 11.5 14.0 18.4

Source: Author’s calculations. The parameter γ is the shape parameter and α the
scale parameter which determine the curvature of the intensity term structure. The
table shows mean values of the weekly estimations and their standard deviation
for Brazil. N is the number of weekly observations per year while n is the average
number of bond prices observed each week.

Table 5.12 displays the means of the resulting parameter estimates.
The recovery of face fraction ω is within the same range as in the previ-
ous section and shows a high correlation of 97%. The shape parameter
γ is above one at all times (except in summer 2002, around the height of
the Brazil crisis), indicating an increasing term structure of intensities.
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Residual mean squared errors of the bond prices on average show
higher values than for the simplified Nelson-Siegel model with endoge-
nous recovery, but are lower than in the standard Nelson-Siegel model
(see Table 5.13). This relation holds for both the cross sectional and
the time series dimensions.

Table 5.13. In-sample pricing errors for the Weibull model

2000 2001 2002 2003 2004 Total

1997 Bra 2027 10.125% 0.653 1.02 0.495 0.891 0.976 0.839
1998 Bra 2008 9.375% 1.13 2.94 1.73 1.30 0.658 1.75
1999 Bra 2009 14.5% 1.36 1.89 1.46 0.984 0.668 1.33
2000 Bra 2007 11.25% 0.633 1.06 1.69 1.36 0.986 1.27
2000 Bra 2030 12.25% 0.626 1.16 1.11 1.19 1.43 1.16
2000 Bra 2020 12.75% 0.946 0.971 1.17 0.948 0.55 0.937
2001 Bra 2006 10.25% - 0.965 0.912 1.44 1.78 1.33
2001 Bra 2024 8.875% - 0.797 1.00 1.74 0.794 1.17
2001 Bra 2005 9.625% - 2.47 1.90 2.67 1.79 2.21
2002 Bra 2008 11.5% - - 1.27 1.19 0.617 1.05
2002 Bra 2012 11% - - 1.70 1.03 0.943 1.26
2002 Bra 2010 12% - - 1.02 1.07 1.06 1.05
2003 Bra 2013 10.25% - - - 1.07 0.967 1.00
2003 Bra 2011 10% - - - 0.931 0.853 0.876
2003 Bra 2007 10% - - - 0.614 1.41 1.16
2003 Bra 2019 8.875% - - - 4.39 2.24 2.73
2003 Bra 2010 9.25% - - - 0.644 0.633 0.634
2004 Bra 2014 10.5% - - - - 0.671 0.671
2004 Bra 2034 8.25% - - - - 1.02 1.02
Total 0.969 1.62 1.36 1.44 1.16 1.33

Source: Author’s calculations. Means of the RMSE in percent for each of the n
bonds per year as well as totals.

Similar to the simplified Nelson-Siegel model, Table 5.14 does not re-
veal higher pricing errors for shorter maturities as the standard Nelson-
Siegel model did. On average, however, the Weibull model does not
perform as well for shorter maturities as the simplified Nelson-Siegel
model. Neither the size of the error nor its direction are conspicuous
though.

The categorization of residual errors into EMBIG spread and price
buckets shows a slightly weaker performance of the Weibull model in
comparison to the simplified Nelson-Siegel model. Nevertheless, the in-
sample fit is still very good during distress (see Table 5.15). It appears



166 5 Empirical Estimations

Table 5.14. RMSE (%) per maturity bucket and year for the Weibull model

2000 2001 2002 2003 2004 Total

0–1 years - - - - 1.26 1.26
1–5 years - 1.72 1.73 1.56 1.28 1.50
5–10 years 1.17 2.11 1.41 1.15 0.868 1.33
10+ years 0.761 1.01 0.981 1.56 1.29 1.20

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category for Brazil.

though that the model cannot handle a wide range of bond prices well
during distress. In the 1000+ basis points spread category, the RMSE
increases with higher bond prices, resulting in a disappointing fit for
bonds trading above par in crises. While bonds trading at a low price
tend to be overvalued by the Weibull model, high trading bonds tend
to exhibit an undervaluation.

Table 5.15. RMSE (%) per EMBIG spread and clean market price for the
Weibull model

0–250 bps 250–500 bps 500-1000 bps 1000+ bps Total

0%–50% - - - 1.29 1.29
50%–75% - - 0.928 1.64 1.50
75%–100% - 1.49 1.31 1.82 1.42
100%–125% - 1.04 1.27 2.16 1.21
125% or higher - 0.648 0.726 - 0.665
Total - 1.06 1.27 1.68 1.33

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category. The price category refers to the observed
market price without accrued interest. Spreads refer to the JP Morgan EMBIG
subindex for Brazil.

The naive trading strategy—performed as out-of-sample test—does
not beat a buy-and-hold investment in absolute returns. However, the
investment realizes very high Sharpe ratios before as well as after
trading costs—the highest among the models considered. The Merton
(1981) measures of market-timing show weak evidence of a forecasting
ability for the long-neutral strategy and does not significantly differ
from the previous models.
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Table 5.16. Performance measures of different trading strategies

Bond Long-neutral Long-short Buy-hold

Compounded return 0.073 0.048 0.13
Simple return 0.076 0.049 0.14
Sharpe ratio 1.4 2.2 0.74
Compounded return after costs 0.065 0.031 0.13
Sharpe ratio after costs 1.2 1.2 0.74
Unconditional probability 0.70 0.53
Conditional probability 1.1 0.82

Source: Author’s calculations. All returns and Sharpe ratios are based on annualized
figures based on trading strategies using price deviations from the Weibull model
for Brazil.
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5.1.4 The Gumbel Model With RFV

Fig. 5.4. Surface of Brazilian intensity term structures

Source: Author’s calculations. Term structure implied by weekly estimates of the
Gumbel model for maturities of up to 30 years.

Table 5.17. Estimated weekly parameters for the Gumbel model

2000 2001 2002 2003 2004

α 6.61 5.55 3.37 4.34 5.99
(0.492) (0.744) (1.95) (0.964) (0.839)

β 6.28 5.06 4.31 4.12 5.10
(1.96) (0.459) (1.54) (0.611) (0.625)

ω 0.292 0.191 0.219 0.383 0.462
(0.0547) (0.0594) (0.0312) (0.0888) (0.0523)

N 47 52 52 52 53
mean(n) 5.3 8.4 11.5 14.0 18.4

Source: Author’s calculations. The parameter α is the location parameter while
β is the scale parameter which determine the curvature of the intensity term
structure. ω is the implied RFV fraction. The table shows mean values of the
weekly estimations and their standard deviation for Brazil. N is the number of
weekly observations per year while n is the average number of bond prices observed
each week.

The Gumbel model of the intensity term structure uses the same
number of parameters as the Weibull model, although the resulting
shapes of the intensity term structure look distinctive. Described by
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Table 5.18. In-sample pricing errors for the Gumbel model

2000 2001 2002 2003 2004 Total

1997 Bra 2027 10.125% 0.570 1.05 0.606 0.878 1.16 0.892
1998 Bra 2008 9.375% 1.04 2.61 2.36 1.72 0.896 1.87
1999 Bra 2009 14.5% 1.16 1.91 2.04 1.13 1.06 1.53
2000 Bra 2007 11.25% 0.464 0.991 2.06 1.83 0.868 1.46
2000 Bra 2030 12.25% 0.640 1.15 1.18 1.87 3.02 1.81
2000 Bra 2020 12.75% 0.996 0.948 1.22 1.91 1.97 1.49
2001 Bra 2006 10.25% - 1.05 1.29 1.64 2.61 1.76
2001 Bra 2024 8.875% - 0.788 1.13 2.57 0.914 1.56
2001 Bra 2005 9.625% - 1.71 1.75 3.21 3.15 2.63
2002 Bra 2008 11.5% - - 1.36 1.65 0.99 1.36
2002 Bra 2012 11% - - 1.94 1.43 1.23 1.56
2002 Bra 2010 12% - - 1.26 1.25 1.66 1.42
2003 Bra 2013 10.25% - - - 1.42 1.12 1.23
2003 Bra 2011 10% - - - 0.942 1.45 1.32
2003 Bra 2007 10% - - - 0.740 1.38 1.17
2003 Bra 2019 8.875% - - - 3.84 2.01 2.43
2003 Bra 2010 9.25% - - - 1.01 1.34 1.29
2004 Bra 2014 10.5% - - - - 0.431 0.431
2004 Bra 2034 8.25% - - - - 2.35 2.35
Total 0.888 1.47 1.60 1.82 1.74 1.64

Source: Author’s calculations. Means of the RMSE in percent for each of the n
bonds per year as well as totals.

the location parameter α and the scale parameter β, the term struc-
tures are usually U-shaped and upward sloping. The spike for the short
rate is created by the case distinction in (4.41) and has been motivated
by empirically observed price discounts, even for maturing issues, dur-
ing distress. As before, the recovery fraction of face value is simultane-
ously estimated which repeatedly created some distortions in the early
sample period of 2000 where data for only a few bonds are available.
This explains the unusually high long rates in Fig. 5.4 around end of
2000. For illustrative reasons, two outliers from November and Decem-
ber 2000 are excluded which slightly alters the residual errors in the
following tables.

The location parameter α proxies the distance in years from default
and is the mode of the density. The scale parameter β determines the
slope of the cumulative density of default because it is proportional to
the density’s standard deviation. Both parameters are positively cor-
related. During distress, for instance, α, the proxy for time to default,
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decreases at the same time as β, a proxy for uncertainty. For Brazil, the
correlation coefficient is 0.67 throughout the sample. The course of the
estimated parameters nicely describe the 2002 Brazilian crisis, during
which α hits a minimum of 0.36 on August 9, 2002 (although the high-
est EMBIG spread of 2,451 basis points was measured on September
27, 2002). While comparable until 2001, the recovery rate ω appears
larger than in the previous models, reaching above the 50% mark for
some observations in 2003 and 2004.

Table 5.19. RMSE (%) per maturity bucket and year for the Gumbel model

2000 2001 2002 2003 2004 Total

0–1 years - - - - 2.41 2.41
1–5 years - 1.35 1.91 1.95 1.80 1.83
5–10 years 1.01 1.95 1.79 1.41 1.30 1.53
10+ years 0.763 1.00 1.07 2.04 2.02 1.59

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category for Brazil.

Table 5.20. RMSE (%) per EMBIG spread and clean market price for the
Gumbel model

0–250 bps 250–500 bps 500-1000 bps 1000+ bps Total

0%–50% - - - 1.47 1.47
50%–75% - - 1.26 2.03 1.87
75%–100% - 1.62 1.37 1.87 1.48
100%–125% - 1.52 1.77 2.26 1.71
125% or higher - 1.70 0.975 - 1.58
Total - 1.56 1.56 1.94 1.64

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category. The price category refers to the observed
market price without accrued interest. Spreads refer to the JP Morgan EMBIG
subindex for Brazil.

The overall in-sample fit, illustrated in Tables 5.18 through 5.20
appears inferior to the Weibull model. Only a few bond issues, such
as the problematic 2003 Bra 2019 8.875%, fit better with the Gumbel
model. Especially in the beginning of the sample period (where only
a few bonds were outstanding), the performance of the Gumbel model
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is superior to the Weibull model. However, the fit for short maturity
issues is definitely worse than in all other models. Looking at short ma-
turity bonds, the model undervalues the respective bond (the 2001 Bra
2005 9.625%) by 2.4% on average. The comparatively large short rates
implied by the Gumbel model apparently do not suit this bond very
well though it has to be kept in mind that the sample is not very rich in
short maturity bonds. Residuals increase only moderately with higher
EMBIG spreads, and do not show a pattern with regard to the bonds’
price range. This is an advantage compared to the Weibull model. There
is, however, some evidence of a relationship between residuals and the
price range; the higher (lower) the bond price, the more the model
undervalues (overvalues) the bond.

Investment strategies based upon Gumbel price residuals turn out
to be inferior to those of the Weibull model and in most aspects to all
other models as well. After trading costs, only the long-neutral invest-
ment strategy exhibits a slightly higher Sharpe ratio than the passive
strategy. The probability measures of predictive ability remain broadly
unchanged.

Table 5.21. Performance measures of different trading strategies

Bond Long-neutral Long-short Buy-hold

Compounded return 0.062 0.031 0.13
Simple return 0.065 0.032 0.14
Sharpe ratio 0.99 1.1 0.74
Compounded return after costs 0.054 0.016 0.13
Sharpe ratio after costs 0.82 0.065 0.74
Unconditional probability 0.67 0.52
Conditional probability 1.1 0.74

Source: Author’s calculations. All returns and Sharpe ratios are based on annualized
figures based on trading strategies using price deviations from the Gumbel model
for Brazil.

5.1.5 The Lognormal Model With RFV

In this model, two parameters, β and τ , are estimated to determine
the shape of the intensity term structure, and ω is—as before—the
implied recovery fraction of face value. The resulting term structure,
depicted in Fig. 5.5, shows hump shaped curves with comparatively
low short rates. As in the other models estimated with endogenous
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recovery, the limited number of cross sectional observations causes a
steeply increasing curve with unusually high long rates around the end
of 2000. Analogous to the previous models, three observations within
this period are excluded for illustrative reasons.

Fig. 5.5. Surface of Brazilian intensity term structures

Source: Author’s calculations. Term structure implied by weekly estimates of the
lognormal model for maturities of up to 30 years.

The average parameter estimates in Table 5.22 make it more difficult
to infer the country’s creditworthiness than, for instance, the Gumbel
model. The implied recovery fractions ω are on average lower than in all
previous models but maintain their relationship to the corresponding
default intensity implied by β and τ .

The overall in-sample fit makes the lognormal model appear supe-
rior to the Gumbel and Nelson-Siegel model with exogenous recovery,
but inferior to the two-factor Nelson-Siegel and the Weibull model. In
addition, the model appears to perform better for the last two years
when spreads are exceptionally low.

When looking at single maturity ranges, the very low short rates
implied by the lognormal model offer the best fit to the only bond in
the sample with less than one year to maturity, the 2001 Bra 2005
9.625%. The majority of bond maturities, however, lie in the longer
range where the lognormal model does not perform better than the
two-factor Nelson-Siegel or the Weibull model. Otherwise, errors show
little pattern and give no evidence for systematic biases.

Similar to the two-factor Nelson-Siegel model with endogenous re-
covery, the lognormal model indicates a better fit for bonds trading at
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Table 5.22. Estimated weekly parameters for the lognormal model

2000 2001 2002 2003 2004

β 0.719 0.806 0.952 0.945 0.980
(0.145) (0.106) (0.115) (0.0490) (0.0511)

τ 8.03 7.14 5.04 6.38 9.02
(0.607) (0.737) (2.40) (1.36) (1.30)

ω 0.282 0.129 0.134 0.242 0.294
(0.0563) (0.0706) (0.0537) (0.105) (0.0636)

N 46 52 52 52 53
mean(n) 5.3 8.4 11.5 14.0 18.4

Source: Author’s calculations. The parameter β is the shape parameter and τ the
scale parameter which determine the curvature of the intensity term structure. ω is
the RFV recovery fraction. The table shows mean values of the weekly estimations
and their standard deviation for Brazil. N is the number of weekly observations
per year while n is the average number of bond prices observed each week.

high prices (see Table 5.25). This is in contrast to the Gumbel model,
and is more comparable to the two-factor Nelson-Siegel model. For dif-
ferent spreads, the model’s fitting errors increase with higher default
risk, showing a trend comparable to the two-factor Nelson-Siegel.

The model’s predictive power in out-of-sample tests show returns
in the same range as previous models. The resulting Sharpe ratios are
nevertheless lower, especially after accounting for trading costs. The
unconditional and conditional probability of correct forecasts are sim-
ilar to previous models which does not suggest that there is a large
predictive element in the residuals.
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Table 5.23. In-sample pricing errors for the lognormal model

2000 2001 2002 2003 2004 Total

1997 Bra 2027 10.125% 0.572 0.948 0.668 1.18 1.25 0.969
1998 Bra 2008 9.375% 1.32 4.30 2.04 1.07 0.609 2.29
1999 Bra 2009 14.5% 1.31 1.50 1.40 0.535 0.508 1.13
2000 Bra 2007 11.25% 0.607 1.53 1.14 1.10 0.704 1.12
2000 Bra 2030 12.25% 0.655 2.08 2.07 0.994 1.02 1.51
2000 Bra 2020 12.75% 1.02 1.08 1.77 0.885 0.75 1.16
2001 Bra 2006 10.25% - 1.62 1.24 0.778 0.618 1.13
2001 Bra 2024 8.875% - 0.661 1.05 1.63 0.942 1.15
2001 Bra 2005 9.625% - 3.82 1.90 0.887 0.400 1.94
2002 Bra 2008 11.5% - - 1.20 0.714 0.759 0.896
2002 Bra 2012 11% - - 2.03 1.91 0.749 1.65
2002 Bra 2010 12% - - 1.31 0.658 0.494 0.834
2003 Bra 2013 10.25% - - - 2.17 1.26 1.63
2003 Bra 2011 10% - - - 0.927 0.769 0.817
2003 Bra 2007 10% - - - 0.796 0.556 0.660
2003 Bra 2019 8.875% - - - 4.59 2.44 2.93
2003 Bra 2010 9.25% - - - 1.06 1.24 1.22
2004 Bra 2014 10.5% - - - - 0.728 0.728
2004 Bra 2034 8.25% - - - - 1.21 1.21
Total 1.01 2.23 1.56 1.26 1.01 1.42

Source: Author’s calculations. Means of the RMSE in percent for each of the n
bonds per year as well as totals.

Table 5.24. RMSE (%) per maturity bucket and year for the lognormal model

2000 2001 2002 2003 2004 Total

0–1 years - - - - 0.138 0.138
1–5 years - 2.70 1.60 0.920 0.636 1.28
5–10 years 1.22 2.78 1.58 1.30 0.894 1.56
10+ years 0.780 1.33 1.50 1.56 1.39 1.38

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category for Brazil.
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Table 5.25. RMSE (%) per EMBIG spread and clean market price for the
lognormal model

0–250 bps 250–500 bps 500-1000 bps 1000+ bps Total

0%–50% - - - 1.51 1.51
50%–75% - - 0.829 1.62 1.47
75%–100% - 1.50 1.86 1.74 1.83
100%–125% - 0.707 0.973 0.669 0.905
125% or higher - 0.472 0.490 - 0.476
Total - 0.806 1.46 1.65 1.42

Source: Author’s calculations. Means of the RMSE in percent for all N observations
of bond prices in each respective category. The price category refers to the observed
market price without accrued interest. Spreads refer to the JP Morgan EMBIG
subindex for Brazil.

Table 5.26. Performance measures of different trading strategies

Bond Long-neutral Long-short Buy-hold

Compounded return 0.072 0.038 0.13
Simple return 0.075 0.039 0.14
Sharpe ratio 1.0 0.95 0.74
Compounded return after costs 0.066 0.026 0.13
Sharpe ratio after costs 0.89 0.46 0.74
Unconditional probability 0.64 0.52
Conditional probability 1.1 0.89

Source: Author’s calculations. All returns and Sharpe ratios are based on annualized
figures based on trading strategies using price deviations from the lognormal model
for Brazil.
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5.1.6 Discussion

Although the models applied in this section partly result in very dis-
tinctive shapes of the term structure, the overall fit compares very well.
The classic Nelson-Siegel model has proven its ability to form very dis-
tinctive shapes of term structures but performs weakly for distressed
bonds. Facilitating the endogenous determination of the RFV fraction
presents an appealing approach to significantly improve the models’ fit
to emerging market sovereign bonds.

Among those models, both the in-sample and out-of-sample per-
formance is broadly homogenous, resulting in closely related recovery
rates and similar shapes of the implied pseudo default probabilities.
Overall, this result supports the notion that the estimates bear close
resemblance to the information contained in bonds and do not remain
a synthetic product of the models’ restrictions.

The simplified two-factor Nelson-Siegel model presents a variation
of the standard Nelson-Siegel model for the simultaneous estimation of
recovery fractions. All other models emanate from an unorthodox ap-
proach to term structure modeling by using functional forms of prob-
ability distributions. Their performance is indeed surprisingly good.
Given their parsimonious parametrization, they still yield results even
with a cross section as few as five bonds, which indicates a major ad-
vantage when analyzing smaller issuers.

The major drawback of the simplified Nelson-Siegel model is the
possibility of extreme optimization results under a few circumstances.
The reason for this is found in the very restrictive number of term
structure shapes the model can form. From the short rate β0 − β1, the
intensity structure converges to the infinite maturity rate β0. The rate
of convergence is described by the inverse of the parameter γ. No matter
which value γ takes, the curve is always concave for β1 < 0 and convex
for β1 > 0. If, for example, under some optimal choice of ω the inten-
sity of short bonds is somewhat lower while the rest of the bond sample
shows almost the same intensity, the resulting parameter estimate of γ
will become very low while β1 approaches −β0. The resulting short rate
approaches zero, its lower boundary. If, for example, the bonds suggest
an increasing but convex term structure, the best way for the model to
accommodate this are extremely large values for β0 and γ. This turns
the term structure curve into a straight, increasing line. The long-term
rate can thereby reach unrealistically high levels. These problems did
not emerge as a major obstacle when estimating Brazil’s default inten-
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sities. However, any model restriction to avoid these caveats resulted
in an inferior fit.3

Apart from this concern, the two-factor Nelson-Siegel model shows
a superior in-sample fit in comparison to the other models. This is un-
surprising as it uses one estimation parameter more than the remaining
three models. Concerning the out-of-sample fit, the two-factor Nelson-
Siegel model does not perform as well. In terms of the risk-return rela-
tionship indicated by the Sharpe ratio, the active investment strategy
based on a Weibull model exhibits far better performance.

Among the models based on distribution functions, the Weibull
model is favored over other distribution models. The lognormal model
suffers from its inflexibility of term structure and shows unbalanced
error statistics. The Gumbel model creates recovery ratios which are
significantly higher than in all other models and indicates an inferior
in- and out-of-sample fit compared to the Weibull model. The Weibull
model is therefore the model of choice as it shows a sufficiently good
and very stable in-sample fit, and performs well as a guideline for an
active investment strategy.

5.2 Results From Other Countries

Based on the Weibull model, implied default and recovery parameters
are estimated for Argentina, Colombia, Mexico, Turkey, and Venezuela.
The results are supplemented by a description of the respective eco-
nomic circumstances. A summarized analysis of the bond sample and
the residuals is included for each country. Space restrictions require
condensing the evidence and limiting the number of illustrations.

Data availability dictates the selection of countries. Among those
widely researched in related empirical studies, only Russia is not con-
sidered here. The Russian Federation has turned to other sources of
external financing so that—as opposed to most other countries—the
number of outstanding bonds has not increased lately. Due to the very
distinctive characteristics of the existing Russian bonds (e.g., by means
of put-features), there is no tenable approach to choose a consistent
bond sample of sufficient size.

Eastern European countries, such as Hungary or Poland, as well
as South Africa use a mix of foreign currency denomination which is
less biased towards the US dollar. Of the remaining countries, a large

3 Restricting the long-term rate β0 to remain below 50%, for instance, doubles the
mean RMSE for 2000 and 2001.
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number have issued too few global bonds (apart from Brady bonds).
This is the case, for instance, for Chile. Other sovereigns may have a
sufficient number of bonds, but only small face amounts outstanding.
This leads to sticky and uninformative prices, which is the case for
Jamaica or Uruguay. Results for Korea did not prove robust since very
homogeneous bond prices around par lead to an identification problem
as discussed in Sect. 4.4.2. Estimates from the Philippines suffered from
a combination of problems (small issue sizes and prices close to par)
and are omitted here. Despite these limitations, more countries are
expected to be analyzed in the future, as primary markets see more
issuance activity and longer time series become available.

5.2.1 Argentina

For the sake of this analysis of current Argentine bonds, the time series
of bond prices is truncated as of end of 2001, shortly after the formal
declaration of default. The sample contains a small selection of the
152 bond universe on which the government declared default. Many is-
sues, foremost smaller ones, were placed among European investors and
hence are denominated in Deutsche mark, Italian lira, or euro. Since
prices of smaller issues tend to be sticky and do not convey much useful
information, the sample in Table 5.27 contains only US dollar bonds
with an issue size of at least $500 million. This cut-off limit is chosen in
accordance with the selection criterium of the Global Emerging Market
Bond Index by JP Morgan. Note that the sample also contains bonds
issued during the June 2001 mega swap. The exchange reduced the
outstanding nominal value of other issues, creating the odd par values
in column three. As of the end of 2001, the sample contains 79% of the
total outstanding face value from global bonds and represents almost
half of all external sovereign debt.

Weekly parameter estimates are illustrated in Fig. 5.6, starting in
1999. During most of 1999, the implied term structure of hazard rates
increases sharply since the shape parameter γ almost reaches two. For
values between one and two, the shape of the hazard rate term struc-
ture is concave. This curvature is more pronounced for lower values of
the scale parameter α. When γ declines to slightly above one in au-
tumn 1999, the curve flattens. Since α increases at the same time, the
overall term structure is almost horizontal at low hazard rates. In the
first half of 2000, hazard rates remain low for all maturities. This com-
paratively calm period followed the displacement of the decade-long
Peronist administration. The initial uncertainty about the significance
of the elections (which lead to a democratic transfer of power from the
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Table 5.27. Sample of Argentine global bonds

Name First cou- Maturity Par Obs Price range
pon date date ($mln) Min Mean Max

1993 Arg 2003 US$ 8.375% 20-Jun-1994 20-Dec-2003 2050 149 19.40 55.74 96.85
1996 Arg 2006 US$ 11% 09-Apr-1997 09-Oct-2006 1300 149 19.00 56.84 100.50
1997 Arg 2017 US$ 11.375% 30-Jul-1997 30-Jan-2017 4575 149 18.50 55.00 100.26
1997 Arg 2027 US$ 9.75% 19-Mar-1998 19-Sep-2027 3435 149 17.00 49.76 89.62
1998 Arg 2005 US$ 11% 04-Jun-1999 04-Dec-2005 1000 149 21.00 57.17 100.30
1999 Arg 2019 US$ 12.125% 25-Aug-1999 25-Feb-2019 1433 149 22.35 56.62 105.24
1999 Arg 2009 US$ 11.75% 07-Oct-1999 07-Apr-2009 1500 143 18.50 55.51 102.97
2000 Arg 2020 US$ 12% 01-Aug-2000 01-Feb-2020 1250 94 18.50 46.71 104.60
2000 Arg 2010 US$ 11.375% 15-Sep-2000 15-Mar-2010 1000 94 15.75 46.56 98.60
2000 Arg 2015 US$ 11.75% 15-Dec-2000 15-Jun-2015 2402 81 18.50 44.03 97.25
2000 Arg 2030 US$ 10.25% 21-Jan-2001 21-Jul-2030 1250 81 20.25 39.59 88.28
2001 Arg 2012 US$ 12.375% 21-Aug-2001 21-Feb-2012 1594 43 19.00 35.91 97.63
2001 Arg 2018 US$ 12.25% 19-Dec-2001 19-Jun-2018 7463 28 18.00 29.48 79.25
2001 Arg 2031 US$ 12% 19-Dec-2001 19-Jun-2031 8821 28 18.50 29.23 79.51
2001 Arg 2008 US$ 15.5% 19-Dec-2001 19-Dec-2008 3165 28 18.50 31.72 84.75

Source: Datastream, Bloomberg, Republic of Argentina.

Peronists to the opposition for the first time) might have caused the
dip in the recovery fraction ω. Following this, the new administration
under Fernando de la Rúa raised hopes for a revitalization of the re-
form agenda, pulling country spreads down to slightly above 500 basis
points. The recovery fraction rebounded to levels around 50% during
Argentina’s endeavor for sustained IMF assistance which was finally
granted in March 2000.

Fig. 5.6. Weekly parameter estimates for Argentina
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While short-term hazard rates remain low during 2000, the overall
curve steepens. This results from γ and α moving towards each other,
akin to a closing window of opportunity for structural reforms. At the
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same time, the recovery ratio declines. Fig. 5.7 illustrates the course of
credit risk by plotting the implied three year default probability as well
as EMBIG spreads. In this graph, the spike in the probability around
the end of 2000 coincides with negotiations about an IMF program
extension and a rating cut by S&P to BB-.4 This appears to cause the
shape parameter γ to fall, resulting in a flat term structure again while
its level shifts to above 10%. The median time to default, calculated
by α(ln 2)1/γ , falls from approximately four years to two years. When
the IMF unveiled the immense size of its aid package in December
2000, markets experienced a clear re-bounce of bond prices during the
following weeks.5 Analogous to EMBIG spreads, the default probability
falls by more than ten percentage points from 35%. The recovery ratio
ω increases from around 40% to 53%. Between December 2000 and
February 2001, the median time to default lengthens from two to three
years.

Fig. 5.7. Default probability and EMBIG country spreads

Jan00 Jan01
0

0.2

0.4

0.6

0.8

1
3yr default prob.

Jan00 Jan01
0

1000

2000

3000

4000

5000
EMBI country spreads

Source: JP Morgan, author’s calculations.

In March 2001, the default probability shows a spike, exceeding
the 50% mark. Spreads hit 1,000 basis points that week, after conta-
gion from Turkey had already put markets under pressure. Political
instability in Argentina resulted in a reshuffle of the cabinet, resulting
in the comeback of Peronist Domingo Cavallo as economy minister.
4 The spike in the default probability occured on November 10, the same day as

IMF managing director Horst Köhler recommended additional support under the
Supplemental Reserve Facility.

5 The package included IMF financing of 500% of Argentina’s quota or $13.7 billion,
$6 billion of bi- and multilateral sources, plus additional funds on the order of
$20 billion from the private sector.
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In May, markets were confronted with plans for a mega bond swap.6

For a short period, γ reached values far above one, with lower short
rates but quickly increasing medium to long-term rates. The trans-
action was completed in June and succeeded in swapping about $29
billion of bonds into longer maturities.

The final meltdown began in July when refinancing difficulties in the
provinces and rating actions triggered an exodus out of bond markets.
The shape parameter γ continues to fall, dropping below one. This
indicates an inverted term structure, typical for distressed issuers. The
sudden drop of the scale parameter α causes the three year default
probability to jump to 80% and the median time to default to decline
to below one year. EMBIG spreads reached above 1,500 basis points.
The augmentation of the IMF program by a further $8 billion, which
was announced on August 21, causes the default probability to drop
to below 60%, followed by an increase of ω back to 37% for a short
period. The announcement of a second, quasi coercive debt exchange
in November (considered immediately as technical default by S&P)
coincides with the final hike of the default probability. The recovery
ratio drops below 20%. On November 30th, a bank run started. The
final default announcement is correctly reflected in the model with a
default probability of one, while ω ends up at 19%.

When the default probability is higher, the recovery of face value
determines a larger portion of the total bond value. The finding that
ω amounts to a significant number supports the choice of this recovery
scheme. This evidence points towards bonds being traded on a “price
basis” rather than a “spread basis”.

Both the scale parameter α and the recovery fraction ω show a
strong and negative correlation to EMBIG country spreads of -0.76
and -0.74, respectively. The RFV fraction’s correlation to the cheapest
trading bond is 0.79 while the correlation to the mean bond price is
slightly lower. This type of relationship is typical for distressed bonds
and intensifies with higher spreads. As argued in Singh (2003a) (as well
as in Chap. 6), this reflects the perception that the cheapest-to-deliver
bond is the best proxy for face recovery, especially under the prevalence
of preemptive restructurings without default.7 Although a preemptive
restructuring did not come true in Argentina, the row of debt swaps
and continued IMF support might have induced investors to believe in

6 See Chaps. 2 and 3 for more details on the transaction.
7 It has to be noted that a substantial portion of the bond price for longer maturities

is determined by the recovery value. Indeed, the cheapest-to-deliver bond was also
the one with the longest maturity most of the time.
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a crisis resolution without default. Such hopes were wiped out after the
events in November 2001. Thereafter, the correlation between the face
recovery fraction and the cheapest bond turns negative (-0.26) indeed.

Table 5.28. Price RMSE (%) per bond and year

1999 2000 2001 Total

1993 Arg 2003 8.375% 1.91 1.45 2.96 2.22
1996 Arg 2006 11% 1.14 1.36 4.88 3.09
1997 Arg 2017 11.375% 1.03 0.840 3.97 2.49
1997 Arg 2027 9.75% 1.10 0.597 4.39 2.72
1999 Arg 2009 11.75% 1.19 1.57 2.78 2.03
2000 Arg 2030 10.25% - 1.05 5.49 4.61
2000 Arg 2015 11.75% - 0.999 6.66 5.37
2000 Arg 2010 11.375% - 1.40 3.80 2.98
2000 Arg 2020 12% - 1.19 4.29 3.20
2001 Arg 2018 12.25% - - 2.48 2.48
2001 Arg 2012 12.375% - - 3.90 3.90
2001 Arg 2031 12% - - 5.20 5.20
2001 Arg 2008 15.5% - - 3.32 3.32
1998 Arg 2005 11% 1.84 0.627 4.38 2.83
1999 Arg 2019 12.125% 1.77 1.27 7.70 4.77
Total 1.47 1.17 4.71 3.36

Source: Author’s calculations.

The in-sample fit is sufficient during 1999 and 2000, but residuals
climb higher during 2001. The total RMSE amounts to 3.36%. This
proves a better fit than in Berardi and Trova (2003). Errors are ho-
mogenous across maturities, although short-term bonds (maturing in
less than one year) are not represented in the sample. Shorter bonds
appear to trade rich during distress; The total average error of bonds
up to a final maturity of five years amounts to -1.6%. When distress in-
tensifies in 2001, however, bonds with very long maturities carry larger
but unbiased pricing errors. As can be seen in Table 5.29, the fit de-
creases significantly with higher spreads and lower bond prices. This is
not surprising since the longest bonds trade cheapest as well. The result
also reflects that bond trading becomes less liquid by end of 2001.

Merrick (2005) estimates the RFV fraction assuming a different
model for the default intensity. His model is closest to the two-factor
Nelson-Siegel model used in Sect. 5.1.2, although his decay factor re-
mains constant. This way, the term structure converges smoothly from
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Table 5.29. Price RMSE (%) per EMBIG spread and clean market price for
Argentina

0–250 bps 250–500 bps 500-1000 bps 1000+ bps Total

0%–50% - - - 7.89 7.89
50%–75% - - 1.17 4.81 4.64
75%–100% - - 1.25 2.38 1.37
100%–125% - - 1.33 - 1.33
125% or higher - - - - -
Total - - 1.26 5.64 3.36

Source: Author’s calculations.

an initial short rate to a long-term level. As his model estimates three
parameters in almost the same manner, using exactly the same bond
sample, results should be closely related. The mean absolute pricing
errors, however, appear to be higher by about one-third.8 The recovery
rate in Merrick (2005) is slightly higher at 34%. In turn, his short rate
is higher and the term structure shows a steeper decline.

5.2.2 Colombia

The Colombian sample consists of the period after the country’s severe
recession in 1999.9 In the 1970s and 1980s, the country enjoyed consid-
erable and comparatively stable growth rates with moderate inflation
under a crawling dollar peg. In the 1990s growth accelerated, partly
due to capital inflows following a staggered liberalization of the capi-
tal account. When these flows reversed in the aftermath of the Asian
and Russian crises, the central bank responded with high interest rates,
strangling the financial sector and the whole economy. After the deval-
uation of the peso and a deterioration of the security situation in 1999,
GDP contracted by more than 4%. The public sector accumulated con-
siderable external debt as a consequence of recapitalizing the banking
system and lost its investment grade rating at the end of 1999. Since
September 1999, the central bank has pursued a flexible exchange rate
regime with inflation targeting.

The sample allows estimations after February 2000. The 1999 Col
2009 US$ 9.75% was initially issued in April 1999, and in November

8 This compares results for 3-Oct-2001 in Merrick (2005) to this study’s result
for 5-Oct-2001. Merrick (2005) uses a slightly different optimization function,
restricting the average pricing error to be zero.

9 See IMF Country Report No. 05/154, 14-Apr-2005.
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1999 an additional $500 million were added on. Although Datastream
partly reports very distinctive prices for both partial issues, this analy-
sis uses their average price for the sake of a more liquid and consistent
time series. This helps to significantly reduce pricing errors. The sam-
ple represents only a fraction of all external debt. The global bonds of
Table 5.30 make up 20% of all external debt as of end of 2000, and 34%
by the end of 2004.

Table 5.30. Sample of Colombian global bonds

Name First cou- Maturity Par Obs Price range
pon date date ($mln) Min Mean Max

1996 Col 2016 US$ 8.7% 15-Aug-1996 15-Feb-2016 200 251 59.50 83.06 104.63
1997 Col 2007 US$ 7.625% 15-Aug-1997 15-Feb-2007 750 251 69.25 94.27 110.08
1997 Col 2027 US$ 8.375% 15-Aug-1997 15-Feb-2027 250 251 59.50 77.71 98.75
1998 Col 2008 US$ 8.625% 01-Oct-1998 01-Apr-2008 500 251 71.00 96.13 113.24

1999 Col 2009 US$ 9.75% 23-Oct-1999 23-Apr-2009 1265† 251 74.00 99.17 116.25
2000 Col 2020 US$ 11.75% 25-Aug-2000 25-Feb-2020 1075 251 76.15 103.31 128.93
2001 Col 2011 US$ 9.75% 09-Oct-2001 09-Apr-2011 1000 195 92.25 107.14 117.14
2001 Col 2012 US$ 15% 23-Jul-2002 23-Jan-2012 900 163 80.00 103.20 115.67
2002 Col 2010 US$ 10.5% 09-Jan-2003 09-Jul-2010 507 129 81.13 108.21 119.96
2002 Col 2013 US$ 10.75% 15-Jul-2003 15-Jan-2013 750 108 98.13 111.94 120.10
2003 Col 2033 US$ 10.375% 28-Jul-2003 28-Jan-2033 635 101 91.17 106.00 119.25
2004 Col 2024 US$ 8.125% 21-Nov-2004 21-May-2024 500 50 76.26 89.36 97.44
2004 Col 2014 US$ 8.25% 22-Jun-2005 22-Dec-2014 500 15 99.10 101.96 105.30

Source: Datastream, Bloomberg. † $765 million issued as of 23-Apr-1999 with an
additional $500 million added on 30-Nov-1999.

The estimated parameters show comparatively low recovery values,
especially during 2001 and 2002 (see Fig. 5.8). After the 1999 crisis,
an increasing shape parameter γ indicates lower short spreads despite
a still increasing, but concave term structure. As of the end of August
2001, γ hits two, resulting in a straight, increasing hazard rate function
with a slope of 2/α2 or 1.6% per year, respectively. The median time to
default remains at six years while ω stays below 20% in the run up to the
elections in May 2002. Therefore, default parameters do not evidence
a response to failed peace talks with guerilla groups, increased security
requirements, and overall lower than expected economic performance.
However, a sharp depreciation of the currency lifts country spreads
above 1,000 basis points in October 2002 (see Fig. 5.9). The three year
default probability shoots up to close to 30%. This change is fueled
by overall tensions in Latin America, which were mainly due to the
Argentina collapse and concerns about Brazil. The parameters reflect
this by a drop in the median time to default to below three years, driven
by γ falling to one (which results in a flat hazard rate at around 10%,
the inverse of α), and ω close to zero.
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Taking office in August 2002, the new administration of Álvaro
Uribe introduced fiscal measures, such as a tax increase and an expen-
diture restraint. While progress appeared slow initially, the situation
improved in 2003–2004. Real GDP grew by 4%, the fiscal deficit came
in at a lower-than-expected 1.3% of GDP, and public debt was reduced
to 53% of GDP by the end of 2004. International reserves covered 123%
of short-term external debt at the end of the sample. This positive de-
velopment is reflected in a moderate increase in the median time to
default to above five years and significantly higher recovery ratios of
around 40%. The medium-term outlook for the country, however, was
curtailed by depleting oil reserves which made up 25% of exports in
2004. The IMF identified considerable macroeconomic vulnerabilities,
mainly due to the increased level of public debt.10

Fig. 5.8. Weekly parameter estimates for Colombia
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Source: Author’s calculations.

The low recovery rates before 2003 hint at the prevalence of the re-
covery of market value scheme, which is possibly inherent in the pseudo
default probability when ω is close to zero. Since the default probability
is comparatively low for most of the period, however, the recovery value
does not make up a large portion of the bond price. During 2003, exter-
nal bonds of Colombia were not considered to pose a major debt sus-
tainability problem. Even during the crisis, the maturity structure did
not create pressing rollover needs. Therefore, the parameter results can
be interpreted as evidence that investors assumed market-friendly re-
structuring terms (if a restructuring-like transaction would be launched
10 See IMF, Colombia Selected Issues, Country Report No. 05/162, 14-Apr-2005, p.

50.
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Fig. 5.9. Default probability and EMBIG country spreads
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at all). The deterioration of debt ratios in 2003, especially with regard
to external debt, might have induced a different pattern of recovery in
case of a restructuring.11 This would have required “harder” restruc-
turing terms in order to achieve a considerable debt relief, reflected
here by higher values for the RFV fraction ω.

The model fit in Colombia appears inferior to other countries de-
spite the relatively rich data sample and short period of distress. The
overall RMSE amounts to 1.95%. There is no pattern across maturities,
but pricing errors increase drastically when spreads become high. The
high overall pricing error can therefore be traced back to the more tur-
bulent period of 2000–2002. Single bonds can be identified with large
pricing errors pointing in opposite directions during certain episodes.
For instance, the 1996 Col 2016 8.7% appears overvalued by the model,
while the 1999 Col 2009 9.75% is undervalued in 2000. The 2001 Col
2011 9.75% shows consistently higher market prices than the model
suggests throughout 2001 and especially during the distress period in
2002. This error is partly compensated for by the 2002 Col 2010 10.5%,
which appears overvalued.

5.2.3 Mexico

After the Tequila crisis in 1994/1995, Mexico emerged as one of the
best-rated issuers in emerging markets. Since January 2005 the coun-
try is rated BBB by S&P. Mexico has also been one of the most active
11 According to JP Morgan, sovereign external debt rose from 28.0% to 30.7% of

GDP and total public sector debt increased from 56.7% to 59.4% despite strong
GDP growth.
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Table 5.31. Price RMSE (%) per EMBIG spread and clean market price for
Colombia

0–250 bps 250–500 bps 500-1000 bps 1000+ bps Total

0%–50% - - - - -
50%–75% - 0.294 2.05 0.294 2.01
75%–100% - 1.40 2.39 3.65 2.23
100%–125% - 1.55 1.96 - 1.68
125% or higher - 1.36 - - 1.36
Total - 1.51 2.23 3.27 1.95

Source: Author’s calculations.

issuers in the recent past, widely recognized for its move towards collec-
tive action clauses (CACs) in 2003. Today, Mexico is the second largest
debtor in JP Morgan’s EMBI Global with a weight of 18%.

Mexico’s liability management has become very sophisticated. Issu-
ing activities picked up after 1998 with a strong intention to increase
maturities, diversify refinancing risks and the investor base, and in-
crease liquidity. Early repayments of loans and the initiation of buy-
backs of bonds with embedded options were used to take advantage
of declining yields. This way, Mexico pre-payed all remaining Brady
bonds in July 2003 for a total of $3.5 billion. In April 2004, Mexico
initiated an innovative debt exchange with the purpose of improving
the efficiency of the yield curve. In a Dutch auction, bondholders of
the US dollar issues due 2019, 2022, and 2026 were offered to exchange
their bonds into reopened issues of the 2014 or 2033 notes. This design
aimed at the elimination of debt trading persistently above the yield
curve. Furthermore, the deal increased the share of bonds including
CACs. A total amount of $2.3 billion, or 34% of the eligible face value,
was exchanged in the transaction.

The sample contains all global bonds issued in US dollars by the
United Mexican States. Bonds of the state-owned oil company Petróleos
Mexicanos (Pemex), although part of the EMBIG, are not considered
here because they are not issued by a sovereign entity. The total sample
has a size of $36.6 billion, one of the largest in this study, and represents
a 46% share of Mexico’s total external sovereign debt or one fifth of all
public sector debt.12

12 As of end-2004, according to JP Morgan. Mexico’s sovereign debt is by a consid-
erable part augmented by debt of other public entities such as state-owned enter-
prises and a public, extra-budgetary trust fund holding debt emanating from the
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Table 5.32. Sample of Mexican global bonds

Name First cou- Maturity Par Obs Price range
pon date date ($mln) Min Mean Max

1996 Mex 2026 US$ 11.5% 15-Nov-1996 15-May-2026 1750 298 105.15 130.16 156.27
1996 Mex 2016 US$ 11.375% 15-Mar-1997 15-Sep-2016 2395 298 101.24 126.41 153.10
1997 Mex 2007 US$ 9.875% 15-Jul-1997 15-Jan-2007 1500 298 97.56 111.57 124.63
1998 Mex 2008 US$ 8.625% 12-Sep-1998 12-Mar-2008 1500 298 90.44 106.88 123.57
1999 Mex 2009 US$ 10.375% 17-Aug-1999 17-Feb-2009 1925 298 96.88 115.40 133.32
1999 Mex 2005 US$ 9.75% 06-Oct-1999 06-Apr-2005 1000 298 97.00 108.03 115.38
2000 Mex 2010 US$ 9.875% 01-Aug-2000 01-Feb-2010 2000 255 97.78 115.80 132.98
2000 Mex 2006 US$ 8.5% 01-Feb-2001 01-Feb-2006 1500 229 98.13 108.24 116.31
2001 Mex 2011 US$ 8.375% 14-Jul-2001 14-Jan-2011 2500 205 96.60 110.40 124.06
2001 Mex 2019 US$ 8.125% 30-Jun-2001 30-Dec-2019 3300 194 89.75 104.98 120.36
2001 Mex 2031 US$ 8.3% 15-Feb-2002 15-Aug-2031 3250 175 89.80 106.11 122.76
2002 Mex 2012 US$ 7.5% 14-Jul-2002 14-Jan-2012 1500 153 97.91 108.46 118.85
2002 Mex 2022 US$ 8% 24-Mar-2003 24-Sep-2022 1750 117 95.38 108.05 118.17
2003 Mex 2013 US$ 6.375% 16-Jul-2003 16-Jan-2013 2000 101 97.59 103.81 111.26
2003 Mex 2015 US$ 6.625%† 03-Sep-2003 03-Mar-2015 2000 94 97.44 104.07 111.83
2003 Mex 2008 US$ 4.625%† 08-Oct-2003 08-Oct-2008 1500 88 97.50 100.99 105.60
2003 Mex 2033 US$ 7.5%† 08-Oct-2003 08-Apr-2033 3057 88 93.69 103.72 113.57
2003 Mex 2014 US$ 5.875%† 15-Jul-2004 15-Jan-2014 1793 62 94.47 99.99 104.45

Source: Datastream, Bloomberg. † Includes collective action clauses.

The comparatively rich sample of bonds, which often trade around
par, has created few problems when simultaneously estimating default
and recovery parameters. The cross sectional diversity in prices com-
pensates for the lack of default risk when spreads are below 500 basis
points. The only problems occurred in 2000, when the sample was rel-
atively small (seven to nine bonds) but spreads contracted to below
400 basis points with prices averaging slightly above par. The result-
ing ω appears to be comparatively low and very volatile, indicating a
potential over-parametrization problem (see Fig. 5.10).

After the peso crisis in 1994–1995, the Mexican economy recovered
quickly. As GDP growth was reinstalled in 1997 through 1999, and
headline inflation decreased to 4%, bond spreads also reverted from
peaks of around 1,000 basis points during the Russian crisis in 1998.
At the beginning of the estimation period, the median time to default is
about four years at a high recovery rate of more than 50%. This results
in an almost flat hazard rate term structure at around 7%. The spikes
in the three year default probability are created by γ briefly falling
below one (see Fig. 5.11).

In March and April 2000, the recovery rate rapidly falls to less than
20% and remains volatile for the rest of the year with an average of
33%. This move is exceptional but unrelated to changes in the sample
(as there are two global bonds issuances in 2000). At the same time,

resolution of the banking system crisis. The figures for the federal government
alone are much lower.
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Fig. 5.10. Weekly parameter estimates for Mexico
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Source: Author’s calculations.

Fig. 5.11. Default probability and EMBIG country spreads
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Source: JP Morgan, author’s calculations.

however, both γ and α surge, resulting in an increase of the median
time to default from six to eleven years. The term structure curve,
formerly flat or even inverse, is now increasing with lower short rates.
This development could mirror surprisingly positive developments in
the real sector, as both the March and April growth rates of industrial
production of 8.1% and 9.7% year-on-year turned out to be far above
consensus expectations.13

In the following years, swings of EMBIG country spreads and the
default indicators (as implied by the three year default probability)
reflected mixed economic circumstances. However, γ and α show clear
trends, marking an increasing, concave term structure which is typi-

13 As surveyed by Bloomberg.
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cal for high-rated issuers. Both parameters are negatively correlated
to country spreads, with γ showing a correlation coefficient of -0.82.
Short rates get very low, especially after mid 2003. The recovery rate
regains levels above 40% and remains mostly constant in 2002 and
2003. Towards the end of the sample, however, ω declines significantly
to between 25% and 35%. As expected for a high-quality debtor, the
recovery rate is mostly unrelated to bond prices.

Table 5.33. Price RMSE (%) per maturity bucket and year for Mexico

1998 1999 2000 2001 2002 2003 2004 Total

0–1 years - - - - - - 0.354 0.354
1–5 years - - 1.28 0.820 0.609 0.815 0.392 0.694
5–10 years - 0.553 0.477 0.603 1.41 0.628 0.519 0.784
10+ years - 1.48 1.17 0.913 0.683 0.735 0.841 0.883

Source: Author’s calculations.

Table 5.34. Relative price error (%) per maturity bucket and year for Mexico

1998 1999 2000 2001 2002 2003 2004 Mean

0–1 years - - - - - - -0.325 -0.325
1–5 years - - -1.23 -0.723 -0.461 -0.650 -0.221 -0.504
5–10 years - -0.0882 0.109 0.141 -0.0501 0.0750 0.161 0.0679
10+ years - 0.0919 0.063 0.0408 0.263 0.0735 -0.0724 0.0615

Source: Author’s calculations.

The model results in an overall RMSE of 0.8% which is very low
(see Table 5.33). Measured by the absolute price errors in relation to
the market price, the model’s average error is about half of that yielded
in Berardi and Trova (2003). Errors increase slightly with maturity as
issues below five years remaining maturity appear to be undervalued,
while longer issues seem overvalued by the model (see Table 5.34). As
before, there is a slight increase of errors with EMBIG country spreads.

Since March 2003, Mexico has included collective action clauses in
all of its new global bond issues. Whether the inclusion of CACs re-
sults in higher yields (as CACs offer incentives to restructure) or lower
yields (as CACs avoid coordination problems in a restructuring) is still
a controversial issue in the literature. While theoretical models sug-
gest ambiguous effects, empirical studies are not able to consistently
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separate the influence. Dixon and Wall (2000), Gugiatti and Richards
(2003), or Becker et al. (2003) do not identify a significant influence.
Eichengreen and Mody (2000b,c) identify an impact only after con-
trolling for the credit standing. Under their specification, CACs would
reduce spreads as Mexico is regarded as a high-quality issuer.14

With regard to the CAC puzzle, the Weibull model does not make
any effect clearly recognizable. An estimation without the CAC bonds
yields similar results. The means of all respective parameters remain
broadly unchanged. The correlation of the resulting parameters for the
whole sample and the non-CAC subsample ranges from 51% (for γ)
to 96% (for α). Smaller parameter deviations, however, can also be a
result of the smaller sample.

5.2.4 Turkey

The Turkish sample includes the government’s US dollar denominated
bonds, leaving aside the country’s numerous euro issues. It contains
few bonds from the pre-1999 era, but many from refinancing activities
after the lira devaluation in 2001 instead. The maturity spectrum is
extraordinarily rich with three bonds maturing during the observation
period and other maturities reaching up to 30 years. The total nominal
volume amounts to $16.3 billion, nearly one fifth of Turkey’s sovereign
external debt. With this amount of debt, Turkey ranks fourth among
the largest index weights in the EMBI Global. The sample excludes
a $600 million issue, the 1999 Tur 12% 2008, which was putable at
par and traded extraordinarily rich especially during the most severe
periods of the crisis.

The estimates gained are depicted in Fig. 5.12. The shape parame-
ter γ indicates an increasing, but concave hazard rate curve for almost
all observations.15 The scale parameter α, proportional to the distri-
bution’s standard deviation, varies between six and eight for most of
the sample. In autumn 2003, it quickly increases to twelve where it re-
mains for most of 2004. This reflects the country spreads, which halved
to around 300 basis points by the end of 2003, supported by rating
upgrades. The short-lived reversion to 500 basis points is reflected in a
sharp drop of α while the other parameters remain unaffected. The high
14 The sample in Eichengreen and Mody (2000b,c), however, compares New York

and London issued bonds between 1991 and 1999, while the circumstances and
characteristics of the Mexican CACs issued under New York law are different.

15 The estimation results of an affine model with recovery of market value in Berardi
and Trova (2003) suggest a similarly increasing, but convex term structure of
forward spreads.
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Table 5.35. Sample of Turkish global bonds

Name First cou- Maturity Par Obs Price range
pon date date ($mln) Min Mean Max

1997 Tur 2002 US$ 10% 23-Nov-1997 23-May-2002 400 132 95.05 100.60 103.13
1997 Tur 2007 US$ 10% 19-Mar-1998 19-Sep-2007 600 269 80.34 100.02 116.47
1998 Tur 2005 US$ 9.875% 23-Aug-1998 23-Feb-2005 400 269 83.50 100.41 108.82
1998 Tur 2003 US$ 8.875% 12-Nov-1998 12-May-2003 300 183 90.59 98.93 104.75
1999 Tur 2009 US$ 12.375% 15-Dec-1999 15-Jun-2009 1250 269 80.80 106.70 129.62
1999 Tur 2004 US$ 11.875% 05-May-2000 05-Nov-2004 500 227 88.90 104.35 110.64
2000 Tur 2030 US$ 11.875% 15-Jul-2000 15-Jan-2030 1500 259 73.89 105.65 145.12
2000 Tur 2010 US$ 11.75% 15-Dec-2000 15-Jun-2010 1500 238 76.88 104.02 129.14
2001 Tur 2006 US$ 11.375% 27-May-2002 27-Nov-2006 1000 162 91.38 109.10 119.30
2002 Tur 2012 US$ 11.5% 23-Jul-2002 23-Jan-2012 1000 154 84.75 109.50 129.77
2002 Tur 2008 US$ 9.875% 19-Sep-2002 19-Mar-2008 1350 146 85.81 104.56 117.32
2002 Tur 2008 US$ 10.5% 13-Jul-2003 13-Jan-2008 1100 112 89.00 109.61 119.23
2003 Tur 2013 US$ 11% 14-Jul-2003 14-Jan-2013 1500 103 88.38 113.57 128.62
2003 Tur 2014 US$ 9.5% 15-Jan-2004 15-Jan-2014 1250 67 96.00 111.26 119.06
2004 Tur 2034 US$ 8% 14-Aug-2004 14-Feb-2034 1500 51 86.00 98.98 106.72
2004 Tur 2011 US$ 9% 30-Dec-2004 30-Jun-2011 750 27 99.47 110.04 114.64
2004 Tur 2015 US$ 7.25% 15-Mar-2005 15-Mar-2015 1500 13 99.13 101.61 104.25

Source: Datastream, Bloomberg.

level of α at the end of the sample causes the term structure of hazard
rates to stretch out although the shape parameter γ still indicates a
moderately positive slope.

Fig. 5.12. Weekly parameter estimates for Turkey
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Source: Author’s calculations.

The shape parameter γ stays above one for almost the whole sam-
ple which translates into increasing, but concave term structure curves.
The jump to its maximum in September 2000 occurs shortly before the
outbreak of the crisis. When looking at Fig. 5.13, it is striking that the
default parameters result in a more or less constant default probability
between 1999 and 2003. The median time to default varies between
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two and three years. As spreads fluctuate between 500 and 1,000 basis
points, the change in bond prices can be explained best by movements
in the implied recovery of face value fraction. The correlation of re-
covery rates and spreads is found at -0.83.16 At spreads around 400 to
500 basis points at the beginning of the observation period, the recov-
ery fraction of face value rises above 60% while falling to below 40%
when spreads are above 1,000 basis points. This relationship grows even
stronger at high spreads. The same result is shown by the correlation
of ω with bond prices which is more pronounced during periods of in-
creased vulnerability. When EMBIG spreads are below their median
of 590 basis points, the correlation between the cheapest trading bond
and ω is 0.32, while it increases to 0.82 for spreads above the median.

Fig. 5.13. Default probability and EMBIG country spreads
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Source: JP Morgan, author’s calculations.

As the recovery ratio is the decisive driver of bond prices throughout
the period, it is not surprising that ω rises to close to 80%, the highest
value in the sample period, by the end of 1999 (and early 2000). After a
devastating earthquake in August 1999, Turkey quickly negotiated a $4
billion stand-by credit from the IMF. The recovery fraction ω stabilizes
above 40% for a few months after the program was complemented by
$7.5 billion from the Supplemental Reserve Facility in December 2000.
Its augmentation to a total of $19 billion in May 2001 causes ω to
increase from 31% to 44% for some weeks again, before it reverses to
its initial value while EMBIG spreads passed the 1,000 basis points
mark. However, the situation calmed in the beginning of 2002, when ω

16 This explains also the difference in implied pseudo-probabilities and term struc-
tures in comparison to other analyses, such as Rocha and Garcia (2005).
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reaches well above 60%. This occurs amid an extension of the IMF’s aid
package, partly in response to the de facto market closure triggered by
the 9-11 terrorist attacks.17 The same pattern is seen in August 2003
when another extension of the program was granted. The bottom line
of this analysis supports the widespread notion that Turkey is mainly a
political play due to its strategic importance, keeping its implied default
probability below a critical threshold despite weak fundamentals.

The model’s fit to the data appears satisfactory. The mean RMSE is
comparatively low at 1.2%. The mean percentage price error is signifi-
cantly lower than in the RMV-based affine model of Berardi and Trova
(2003), estimated by Kalman filtering. Due to the large coupons and the
absence of spreads far above 1,000 basis points, sovereign bond prices
did not completely collapse in Turkey. Pricing errors are homogenous
for different price levels although errors are higher, on average, when
spreads widen. As Table 5.36 shows, residuals increase with maturity
during the distress years 2000 and 2001, but appear unrelated there-
after. The fact that the sample includes issues maturing throughout
the observation period does not cause any problems. This character-
istic is an advantage of this model in comparison to those models of
bond spreads which display distortions since spreads of the maturing
bonds show higher volatility.

Table 5.36. Price RMSE (%) per maturity bucket and year for Turkey

1998 1999 2000 2001 2002 2003 2004 Total

0–1 years - - - 1.06 0.616 0.516 0.838 0.788
1–5 years - 0.820 1.21 1.21 0.972 1.47 0.750 1.14
5–10 years - 0.756 1.25 1.98 1.18 0.826 0.662 1.16
10+ years - - 0.632 0.149 0.299 1.08 2.74 1.72

Source: Author’s calculations.

5.2.5 Venezuela

Venezuela is currently the index’ fifth largest issuer with a total weight
of 6.0%.18 In the sample, the 1997 Ven 2027 US$ 9.25% is clearly the
dominating benchmark bond with a face value of $4 billion, correspond-
ing to an index weight of 1.76% alone (see Table 5.37). As most of the
17 Part of the package, about $6 billion of the Supplemental Reserve Facility, would

have matured in 2002.
18 See JP Morgan’s Emerging Markets Bond Index Monitor, June 2005.
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issuing activity originates from 2003 and 2004, the available time series
is comparatively short. For this reason, parameter estimates commence
in 2003 and are estimated from an initial sample of only four bonds,
each with very distinctive amounts outstanding (see Fig. 5.14).

Table 5.37. Sample of Venezuelan global bonds

Name First cou- Maturity Par Obs Price range
pon date date ($mln) Min Mean Max

1997 Ven 2007 US$ 9.125% 18-Dec-1997 18-Jun-2007 315 57 98.75 104.85 110.00
1997 Ven 2027 US$ 9.25% 15-Mar-1998 15-Sep-2027 4000 57 78.31 92.08 106.26
1998 Ven 2018 US$ 13.625% 15-Feb-1999 15-Aug-2018 500 57 108.66 120.25 136.08
2003 Ven 2010 US$ 5.375% 07-Feb-2004 07-Aug-2010 1500 57 75.13 84.54 94.31
2003 Ven 2018 US$ 7% 01-Jun-2004 01-Dec-2018 1000 57 69.00 79.26 91.67
2004 Ven 2034 US$ 9.375% 13-Jul-2004 13-Jan-2034 1500 51 77.50 92.08 106.26
2004 Ven 2013 US$ 10.75% 19-Sep-2004 19-Sep-2013 1487 40 94.68 107.97 119.65
2004 Ven 2014 US$ 8.5% 08-Apr-2005 08-Oct-2014 1500 12 98.25 103.17 106.09

Source: Datastream, Bloomberg.

The situation in Venezuela is marked by macroeconomic stabiliza-
tion due to windfall oil revenues, but the medium- to long-term out-
look remains uncertain. While country spreads are contracting, the
estimated parameters allow a more differentiated analysis of the cir-
cumstances.

The country suffered from political instabilities back in 2002, when
the opposition launched two strikes to remove president Hugo Chávez
from office. Among other effects, this paralyzed the important oil in-
dustry in December 2002. In August 2004, Chávez finally defeated a
recall which had been lingering in a dispute lasting over one year. This
political victory helped to overcome the significant contraction of real
GDP in 2002 and 2003. Due to base effects and booming oil revenues,
Venezuela’s GDP expanded by 17% in real terms during 2004. The fol-
lowing tightening of spreads is reflected in Fig. 5.14 by higher values of
both the scale parameter α and the face recovery fraction ω. Median
time to default rises from below four years to above five years by the
end of 2004. This upswing in bond prices gains momentum after May
2004 but is less pronounced for long-term bonds.

The fact that the longer bonds recover more slowly from their re-
cent lows of around 80 cents on the dollar indicates the vulnerabilities
present in Venezuela. This leads to a steepening of the yield curve. The
parameter results reflect this by an increase in the shape parameter γ.
The resulting term structure of hazard rate remains concave, but indi-
cates a more pronounced upward slope. The highest hazard rate for the
longest bond, the 30-year 2004 Ven 2034 US$ 9.375%, is measured on
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17-Sep-2004, amounting to 25%. This reflects investor concerns which
emanate from the administration’s unconventional policy mix. Capital
account restrictions—a safeguard for the fixed exchange rate—have in-
deed helped to double international reserves. These cover almost 100%
of all outstanding external government debt. But the government bud-
get has become more vulnerable to future downturns in the oil price.
The current windfall oil revenues, making up half of all fiscal revenues,
were deployed in a loose fiscal stance which may prove difficult to re-
verse. Monetary policy appeared similarly abundant as real interest
rates were negative despite sustained high inflation. In turn, monetary
aggregates and private sector credit were growing at a fast pace. This
situation, together with Chávez’ rhetoric against capitalism, makes cau-
tion well warranted although external debt is not at the center of the
concerns.

The overall in-sample fit of the model is high with an average RMSE
of 0.71%. Pricing errors show no pattern with regard to remaining
maturity. With higher bond prices, however, errors decrease slightly.
Since EMBIG country spreads first stay around 600 basis points and
fall to 400 basis points by the end of the observation period, there is
little variance from which to comment on the errors’ relation to country
spreads.

Fig. 5.14. Weekly parameter estimates for Venezuela
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5.3 Concluding Remarks

As the case study of Brazil sovereign bonds has shown, all hazard rate
models introduced in the previous chapter performed reasonably well
in fitting the observed bond prices. However, introducing an endoge-
nous recovery fraction of par facilitates a much better match of bond
issues with short remaining life and bond prices during distress. This
deviates from the current mantra of modeling bond spreads, which
implicitly assumes fractional recovery of market value only. After the
economic underpinning provided in the previous two chapters, arguing
in favor of a recovery of face value (RFV) framework, the empirical
implementation has provided further support for this approach. Even
when compromising on the flexibility of the hazard rate model (by
choosing a model with fewer parameters), the empirical fit, both in-
and out-of-sample, beats the performance of a standard Nelson-Siegel
model applied to bond prices.

Among the hazard rate models (using RFV recovery), a simplified
two-factor Nelson-Siegel model and three models based on probabil-
ity distributions perform almost equally well. The goodness-of-fit, the
main evaluation criterium used, is very satisfactory given the large
range of coupons, maturities, and risk spreads encountered in this
case study. For an extended application on five other emerging mar-
ket sovereigns, the Weibull model is chosen as favorite, given the lim-
ited flexibility of the two-factor Nelson-Siegel model (shaping the term
structure of hazard rates only by determining the short and the long
rate and one convergence factor). While the parsimonious modeling of
the term structure represents an innovation (extending the previous
work in Andritzky (2005)), the resulting shapes of the term structure
are sufficiently flexible and easily applied empirically.

The analysis of global sovereign bonds issued by Argentina, Colom-
bia, Mexico, Turkey, and Venezuela creates a set of implied parameters
for the hazard and recovery rates. The estimates appear to describe
the economic and political circumstances present in these countries
reasonably well. However, out-of-sample tests for Brazil do not lead
to the conclusion that the model has strong forecasting abilities. On
the other hand, the model’s in-sample-fit is very convincing and proves
superior to the results of related studies, such as Berardi and Trova
(2003) and Merrick (2005).

It remains a task for future research to use the implied parameters
of sovereign credit risk gained from this study in economic models of
debt sustainability analyses, portfolio selection, or bond trading. Even
a first step in this direction, utilizing only the implied three-year default



198 5 Empirical Estimations

probability and the recovery rate, would present an improvement vis-à-
vis the current use of composite indices of bond spreads in such models.
Using spreads of credit default swaps (CDS) instead already mitigates
this problem since they are traded upon standardized contractual terms
and maturities. However, since CDS spreads are also a joint measure
of the default and recovery rates, the following chapter extends the
current analysis to CDS markets, combining bond and CDS spreads in
one framework.



6

Credit Default Swaps

Credit default swaps (CDS) provide the buyer an insurance against cer-
tain types of credit events by entitling him to exchange any of the bonds
permitted as deliverable against their par value. Unlike bonds, whose
risk spreads are assumed to be the product of default risk and loss
rate, CDS are par instruments, and their spreads reflect the fractional
recovery of the delivered bond’s face value. This chapter addresses the
implications of this difference and shows the extent to which the recov-
ery assumption matters for determining CDS spreads. A no-arbitrage
argument is applied to extract recovery rates from CDS and bond mar-
kets, using data from the Brazil crisis in 2002–2003. Results are related
to the observation from Chap. 3, that bond prices do not necessarily
collapse and recovery values are substantial.

6.1 An Introduction to CDS

In a CDS contract, the protection buyer pays a periodical insurance
premium until maturity or a predefined credit event, whichever comes
first (see Fig. 6.1). Upon the credit event, the protection buyer receives
the difference between the par and the market value of any eligible
bond as compensation. Unlike high-yield CDS contracts on corporate
bonds in the United States, market convention and standards of the
International Swaps and Derivatives Association (Isda) for a typical
emerging market CDS contract allow for restructuring as a credit event.
Criteria that trigger a credit event include (i) a change in coupon rates,
(ii) a change in principal amount, (iii) a postponement of interest or
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principal payment date, (iv) a change in ranking of priority, and (v) a
change in payment of interest or principal to a non-permitted currency.1

Fig. 6.1. Cash flow scheme for a credit default swap

Protection
buyer

Protection
seller

Quarterly CDS premium

Delivery of acceptable bond

Reimbursement of par value

In event of default:

Source: Author’s illustration.

In the case of a credit event, the contract is usually settled by physi-
cal delivery of the cheapest-to-deliver (CTD) bond against the payment
of par value within thirty business days.2 Since protection buyers do
not always have the currently cheapest-to-deliver bond in their port-
folio, a distress situation often sets off heavy trading activity where a
squeeze in the CTD market may cause such bonds to appreciate. This
is the actual recovery value which becomes relevant to the participants
in the CDS markets. The recent prevalence of soft restructurings in
sovereign markets suggests that this recovery value can become as high
as 60%, a level at odds with the analysts’ rule-of-thumb of using 25%
to value CDS contracts.

This chapter pursues two research questions (see Chap. 2). First,
the analysis explores whether the choice of the recovery value has an
impact on pricing CDS in a delta-hedge with cash bonds. Duffie (1999a)
shows that this is not the case when bond instruments trade close to
par, as is common in non-distressed markets. An overly low assump-
tion of the recovery value is offset by an underestimation of the implied
default probability, leaving the CDS spreads unaffected. But if prices

1 Permitted currencies are generally the G-7 currencies and also those OECD cur-
rencies that carry a rating of AAA on their local currency debt.

2 According to market participants, physical delivery is the preferred settlement
method to avoid price disputes in the typically illiquid cash markets following
a credit event. This is problematic when there is a short supply of CTDs, as
it recently occurred when the U.S. auto parts maker Delphi went bankrupt in
2005. In this case, an auction to determine the CTD price can be called with
protection sellers offering the choice between physical delivery or cash settlement
at the auction price.
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trade far below par, the offsetting mechanism does not work any longer
for two reasons. Firstly, the bond implied default rate increases expo-
nentially with the recovery fraction of par value, as do the CDS spreads.
Secondly, since CDS contracts offer insurance for the par value, it is
obvious that the insurance premium must be higher than the risk pre-
mium implied from bonds which trade below par. The rule-of-thumb
that the CDS spread equals the bond yield minus the risk-free rate
is not applicable under these circumstances. This obscurity may con-
tribute to the observation that CDS spreads seem to be too high during
financial distress.

Regarding the second question, the empirical part extracts informa-
tion on the recovery value from CDS data which provides a guideline
for pricing CDS in future distress situations. In contrast to corporates,
the sovereign bond market—with only a limited number of defaults
and restructuring events—does not provide enough experience from re-
alized defaults for choosing the correct recovery value in distress. As
an alternative, the recovery value can be estimated from bond prices
using the method of Chap. 5. As evident from Chap. 3, soft restruc-
turings became the most frequent credit event in sovereign markets. In
soft restructurings, bond prices do not collapse when restructurings are
announced, but quite the opposite may take place: A comprehensive ef-
fort, involving bi- und multilateral lenders, which aims at maintaining
debt sustainability, might restore market confidence and lead to lower
bond spreads. This results in a much higher recovery rate for CDS con-
tracts than traditionally assumed. Given that the expected recovery
value is influencing CDS spreads, the information content of histori-
cal CDS spreads can, in combination with the underlying bond prices,
be used to reveal the investors’ expected recovery value. This chapter
shows the result of such an analysis for the Brazil crisis 2002–2003.

This study extends the thriving academic literature on credit default
swaps which, among the empirical studies, has largely focused on cor-
porate CDS where the role of recovery is less prominent. Duffie (1999a),
Hull and White (2000, 2001), and Schönbucher (2004) present essays
on CDS pricing. Empirical studies on the pricing of CDS can be found
mainly for the corporate bond market (Cossin et al. (2002), among oth-
ers), but some working papers recently also research the sovereign bond
market (Pan and Singleton (2005), Zhang (2003)). A good overview of
the sovereign CDS market and its rapid growth is provided by Packer
and Suthiphongchai (2003). The empirical interrelation between CDS
and other financial instruments in emerging markets is researched by
Chan-Lau and Kim (2004), who get mixed results on whether the CDS
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market represents the leading source of price discovery. This stands in
contrast to studies in the corporate CDS market, where CDS spreads
are found to react to new information faster than cash markets (Nor-
den and Weber (2004), Hull et al. (2004), Blanco et al. (2005)). A
few other studies have explored the extent of non-default influences on
CDS prices. In their analysis of corporate CDS, Longstaff et al. (2004)
observe that, besides credit risk, the most important non-default com-
ponent of CDS spreads is related to liquidity. Packer and Zhu (2005)
study the pricing impact of the contractual differences with regard to
admitted credit events and deliverable bonds. For the different Isda def-
initions of credit events, the authors find significant spread differences,
both by rating class, as well as by regional and sectoral categories.

6.1.1 CDS Valuation

This section introduces the mathematical foundation of CDS pricing,
and explains the reasons why risk spreads might diverge from the cash
bond market.

The buyer of protection pays an annual premium of c per one unit
of ensured notional value until maturity of the contract, or a predefined
credit event, whichever is first. Normally, the premium payments are
made quarterly, with the premium payment times denoted by t1, ..., tN .
The first payment accrues and is paid at the end of the first period.
The value of these payments, commonly referred to as premium leg, is

g(t, c) =
c

4

N∑
i=1

exp(−
∫ ti

0
ru + λu du) , (6.1)

where rt is the continuous risk-free rate, and λ is the risk-neutral inten-
sity of the credit event. For CDS on assets assumed to bear very high
risk, the protection seller may require some upfront compensation. In
this case, a lump sum, cl, in basis points of the underlying face value
must be paid at the origination of the contract. The lump sum is added
to the protection leg. The upfront payment may be chosen in a way so
that the quarterly premiums adopt some odd value, for instance 500
basis points.3

In case of a credit event, the buyer of protection receives the full no-
tional amount in exchange for delivery of the underlying bond. Since in
3 When marking CDS contracts to market, this upfront payment reduces the expo-

sure of protection sellers since a smaller fraction of the protection leg is at risk.
Therefore, when spreads tighten (widen), the mark-to-market gain (loss) will be
smaller.
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most cases, sovereigns have a considerable number of deliverable bonds
outstanding, the protection buyer has an option to choose, picking the
cheapest to deliver bond (on which accrued interest has to be consid-
ered). The post-default price of the bond, expressed as fraction of the
nominal value, is the relevant recovery value for pricing CDS. Let τ be
the default time and τd the time of the settlement which occurs within
a time span of up to 30 business days after occurrence of the credit
event, so that τd = τ + d, with d = 0, ..., 30 business days. Resorting to
the recovery of face value (RFV) concept, ω(τd) is the expected frac-
tional recovery of face value, and A(τd) the value of accrued interest
of the delivered bond at time τd. Assuming that the protection seller
cannot default (i. e. no counterparty risk), define

ω̂(τd) = ω(τd) exp(−
∫ τd

τ
ru du) ,

and
Â(τd) = A(τd) exp(−

∫ τd

τ
ru du)

to signify their corresponding values at the time of default, τ . The
present value of the contract for the protection buyer at the time of the
credit event τ then becomes

1 − ω̂(τd) − Â(τd) − c∗

4
, (6.2)

where c∗
4 is the fractional amount of the premium accrued until τ .

To calculate the market value of the protection leg at t0 = 0, where
the conditional risk-neutral density of a credit event is given by
λ(t) exp(− ∫ t

0 λ(u) du), the expected value of the protection leg is

h(t, c, d) =
∫ tN

0
(1−ω̂u,d−Âu,d− c∗

4
) λu exp(−

∫ u

0
rv+λv dv) du . (6.3)

The current fair premium of a CDS contract, c̄t, is chosen so that the
value of the premium leg equals the value of the protection leg at the
time of origination:

g(t, c̄t) = h(t, c̄t, d) . (6.4)

The premium, c̄t, is the spread which is quoted.
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6.1.2 The CDS Basis

There are, however, reasons that may lead to a discrepancy between
CDS and cash bond spreads. On the one hand, these are conceptual rea-
sons since bond and CDS spreads are calculated differently. The effect of
recovery, the main subject of this chapter, is an example. On the other
hand, CDS are priced by protection sellers based on their costs to hedge
this exposure, resorting to expensive risk capital to cover any residual
mismatch. This creates many reasons why in practice CDS might de-
couple from bond spreads. Such a deviation of CDS from bond spreads
is called “basis”. The basis is the difference between CDS spreads and
the corresponding point on the term structure curve of bond spreads,
implying a positive (negative) basis when CDS premiums are above
(below) the bond spread curve. Table 6.1 gives an overview of factors
which contribute to the basis.

This list of basis effects can easily be expanded, but most of the
effects are hard to detect in empirical CDS spreads. The delivery option
is usually of little value when one single bond clearly functions as CTD,
as is often the case in sovereign bond markets. In the recent distress
cases in Argentina, Uruguay, and Brazil, either long maturity bonds
or yen denominated issues with characteristically low coupons served
as CTD. When particular (small) issues are overwhelmed by demand
from protection buyers once distress unfolds, a market squeeze can
cause these bonds to appreciate relative to other deliverable issues.
This further contributes to the compression of bond prices observed
during distress, and bears additional costs to the protection buyer.

Relative liquidity in the cash and protection market is often regarded
as an important driver of the basis. In a model exploring the default-
and non-default components in bond spreads versus default spreads
from CDS, Longstaff et al. (2004) explore the basis for 68 investment-
grade rated corporations. Their results suggest that proxies for the liq-
uidity of bonds, such as the bid-ask spread and the principal amount,
are the most significant explanatory factors. Packer and Zhu (2005)
compare the price impact of different contractual terms with regard to
restructurings. Until recently, this has not been relevant for sovereign
CDS, since the typical contractual terms include all kinds of restructur-
ings as specified in the introduction. With regard to corporate CDS, the
exclusion of restructuring (the “no restructuring (NR)” term) has be-
come more popular today, especially in North America.4 As expected,
Packer and Zhu (2005) find about seven percent higher CDS spreads for
4 Other standard terms, besides full and no restructuring, are (i) “modified restruc-

turing (MR)”, first applied in 2001 and for non-sovereigns today by far the most
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Table 6.1. Basis effects

Effect Description

+ Delivery option The protection buyer has the choice to deliver any
acceptable bond.

Delivery below par The protection buyer is insured at par but is only
exposed to the trading price of the bond.

Issuance of new bonds Pushes up demand for insurance, resulting in a
higher price of protection.

Short selling abilities If the issuer’s credit standing deteriorates, CDS
can react more quickly as a short position is more
straightforward to arrange.

– Counterparty risk Premium compensating for the risk that the pro-
tection seller defaults.

Bond illiquidity Although the effect can be ambiguous, illiquid pa-
per mostly trades at higher spreads and therefore
reduces the respective basis.

Zero bound The CDS spread is always positive even if bonds
of high-graded issuers trade below the benchmark
curve.

Funding risk The protection seller does no longer incur funding
risk like he would have when replicating the swap
by buying the underlying with funds borrowed at
the risk-free rate. Repo specialness leads to the
opposite.

Exclusion of credit events Contractual terms in CDS may restrict the num-
ber of trigger event or bonds accepted as delivery.

Source: Author’s illustration. Basis effects, contributing to a positive (+) or
negative (–) basis, the difference between CDS and bond spreads.

contracts which allow for restructurings as credit event in comparison
to NR-contracts. A similar result is gained for their (small) sovereign
CDS subsample. No information, however, is given about the absolute
impact. For emerging market countries under the auspices of the IMF,
the impact might actually be larger.5 However, to avoid any bias in the

popular contract in the U.S., limiting the delivery option to bonds with a maturity
of 30 months or less after the maturity of the respective CDS contract; and (ii)
“modified-modified restructuring (MMR)”, first used in 2003 and often applied
in European markets for non-sovereigns, which allows slightly more flexibility in
the delivery option than the modified restructuring terms.

5 According to a model calculation by Merrill Lynch for a CDS spread of 150 basis
points, a spread difference of 7% between full and no restructuring contracts im-
plies that only one in five credit events ends in a restructuring with 80% recovery
value while all other events would result in a 30% recovery value. See Merrill
Lynch, Credit Derivative Handbook 2003, p. 74.
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empirical part, this study considers contracts with full restructuring
only.

Other basis effects might attract future research in high grade debt
markets, but their impact is presumably small and difficult to gauge.
The following focuses on exceptional situations of major financial dis-
tress, under which these effects were to take a back seat. This will
become apparent in the following section which explores the basis that
arises when bond prices fall below par while recovery values remain
high.

6.1.3 The Role of Recovery

Duffie (1999a) shows that the effect of varying default intensity and re-
covery fraction is offsetting when pricing CDS in accordance with the
underlying bond market. In this case, an underestimation of the recov-
ery fraction will be compensated by an overestimation of the default
intensity. When these parameters are used in the CDS spread formula,
the bias will cancel out. This mechanism works especially well for short
maturities and low par spreads. Nevertheless, it does not work in spe-
cific cases which might be more prevalent among sovereign CDS than
in the corporate CDS market. Sovereign bonds often show features like
low coupons, step-up language, or long maturities which cause bond is-
sues to trade at a wide range of prices. The CTD is mostly trading far
below par, especially when spreads are high. For sovereign CDS, there
is also a large market for long maturities contracts like ten years, and
the contractual terms allow for a wider range of credit events than for
corporate CDS.6 All of these situations mark circumstances in which
the offsetting mechanism admittedly fails. This motivates a closer look
at the relationship between bond and CDS markets. The following ex-
plores the effect of bonds trading apart from par and the related impact
of the recovery value. This explains most of the large, positive basis
typically observed during distress.

The main driver of the basis is the fact that bond and CDS spreads
assume different concepts of recovery, which become incompatible at
high spreads. For CDS, the recovery value represents a fraction of the
insured nominal of the contract. This risk-neutral recovery fraction, de-
noted by ω, corresponds to the fractional recovery of the nominal value
insured by the CDS contract. This conforms with the RFV concept
discussed in Chap. 4. When calculating the basis, the usual proceedure

6 See Packer and Suthiphongchai (2003).
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is to assume the same notional value for the CDS and the bonds. How-
ever, bond spreads implicitly apply a different measure of recovery. As
Chap. 4 exemplifies, bond spreads correspond to the recovery of market
value (RMV) concept, where a risk-neutral recovery fraction, ψ, of the
pre-default bond value is received upon default.

This discrepancy is best shown when simplifying the CDS and bond
spread formulas. Let us assume a constant default intensity, λ, as well
as a constant risk-free rate, r, and neglect for a moment the role of
accruals et cetera (i.e., τd = τ , A(τd) = 0, c∗ = 0, cl = 0). Imagining
continuous premium payments, the formula for the fair CDS premium
collapses to

c̄ = (1 − ω)λ . (6.5)

The bond risk premium, as described in Sect. 4.2.4 and according to
Duffie and Singleton (1999), is

s = (1 − ψ)λ . (6.6)

Given that both markets are subject to the same default intensity, λ, it
is obvious that the two premiums will only be equal (implying a basis
of zero) in two cases: (1) the recovery value is zero, so that ω = ψ = 0,
or (2) the bond trades close to par. In the latter case, the recovery
received as a fraction of face value approximates the recovery received
as a fraction of market value, so that ω ≈ ψ.7 The difference between
ω and ψ becomes more pronounced when the underlying bond trades
farther below par. The corresponding RFV recovery rate, ω, is in this
case lower than its RMV counterpart, ψ.

When inferring λ from the bond market under some exogenously
given (or assumed) value of ψ (as this is usually done), it is not sur-
prising that the fair CDS spread is higher than the corresponding bond
spread when the CTD trades below par.8 The difference between ψ and
ω can have an astonishingly large impact, depending on the respective
default risk, maturity, and the assumed recovery rate. This is shown in
the following example (see Fig. 6.2). The example assumes risk neutral-
ity, and both a flat risk-free term structure at 3%, as well as a constant
default intensity. CDS contracts with one, five, and ten year maturity

7 This is exactly true only if the bond price always stays at par.
8 The following example illustrates this. If a bond to be insured by a CDS trades at

200 basis points, and ψ is assumed to be 50% homogeneously for all bonds, this
results in λ = 400 bps. If the CTD (regardless of the bond’s price the CDS contract
is intended to insure) is expected to trade constantly at 0.75 per unit of face value,
the relevant recovery rate ω for pricing the CDS becomes ω = 50% ·0.75, resulting
in a CDS spread of 250 basis points.
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are priced based on an approximate no-arbitrage relationship with three
corresponding bonds, paying a semiannual 9% coupon and maturing in
one, five, and ten years. In this simple model, the underlying bonds also
serve as the only deliverable bonds. Figure 6.2 illustrates the resulting
fair CDS spreads when the underlying bonds trade at spreads of 500,
1,000, and 1,500 basis points.

The graphs show that for zero recovery, the fair CDS spread assumes
its intuitively expected value and the basis is zero.9 For a higher ω,
however, the CDS spread becomes very sensitive to changes in the
expected recovery fraction. When pricing a five-year CDS contract on
the bond maturing in five years, the fair CDS spread remains close to
1,000 basis points for ω remaining in a lower range. This no longer
holds when the implied default intensity, λ, grows at increasing pace
with higher values for ω. Given a recovery fraction of 0.25, the implied
intensity is only 13.7% in the example, but grows to 21.9% and 59.8%
for ω = 0.5 and 0.75, respectively. Given high par spreads, the effect of
a higher implied default probability arising from a higher ω overrules
the effect of decreasing net costs to the protection seller in a default
event. This relationship reverses when spreads are as low as 500 basis
points and the underlying bond trades above par.10

The no-arbitrage relationship used for Fig. 6.2 is flawed by the fact
that the respective protection buyer might be overinsured (underin-
sured) if the underlying bond trades below (above) par. If the pro-
tection buyer wants to establish a static hedge of respective bonds at
a certain point in time, he might be inclined to buy CDS contracts
amounting to a notional which equals his bonds’ current market price.
This is called partial protection.11 The above figure, however, assumes
that he buys insurance for the full face amount of his bonds regardless
of the trading price. For partial protection, the protection buyer would
only purchase the proportion of CDS which corresponds to the bond’s
trading price. This results in a parallel shift of the lines in Fig. 6.2 but
does not change their curvature. The overall picture remains the same,
even after considering accruals.

9 The slight deviation from the bond spread stems from compounding effects.
10 As mentioned above, the CDS premium is independent of the recovery ratio when

the bond trades exactly at par, which would be the case at a spread of 585 basis
points in the example, assuming no accruals.

11 The corresponding argument for the protection seller requires that, for achieving a
neutral position when providing protection for a par value of 100 units of currency,
the protection seller would need to short more than 100 units of par value in the
underlying bond.
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Fig. 6.2. Fair CDS spread as function of ω
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Source: Author’s calculation. Fair CDS spreads of one (solid line), five (dashed
line), and ten (dotted line) year maturity on a corresponding cash bond with the
same maturity and semiannual coupon of 9%. The three sets of lines correspond to
the fair CDS spread in dependence of the expected RFV recovery fraction if the
bond trades at spreads of 500 basis points (lower set of lines), 1,000 basis points
(middle set of lines) and 1,500 basis points (upper set of lines). The risk-free rate is
constant at 3%.
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How does the picture change when different bonds are acceptable
for delivery, not just the one underlying bond as in the above example?
This depends on what recovery assumption is applied to the cash bonds.
The above relationship does not change when all deliverable bonds
share the same recovery value, as suggested by the RFV concept. This
concept is most likely to occur under an equalizing restructuring offer,
which Chap. 3 has identified as corresponding to hard restructurings.
However, if there is a CTD bond available at a lower price than the
underlying in the above example (and the relative price difference is
maintained after the credit event), the relevant recovery value for the
CDS would be the post-default price of the CTD. The RMV concept
models this pattern of recovery values by assuming the same fraction, ψ,
of the pre-default value to be received. This kind of persistence of price
differences throughout a credit event is typical for soft restructurings
in which each bond issue is treated differently, mainly for the sake of
maturity extension.12 The question is therefore whether a no-arbitrage
argument under the RMV concept leads to the same conclusion, namely
that the fair CDS spread is dependent on the assumed recovery fraction
ψ.

This question can be addressed by extending the above example
with another bond which serves as delivery. The underlying bond and
the delivery bond are assumed to have the same expected recovery
fraction of market value. Each bond can have a different maturity, and
therefore may trade at different par spreads of a non-constant term
structure curve. This example creates the same structure of increasing
CDS spreads as in the previous setting. Recall that the CDS spread is
approximately the product of the default intensity and the loss of face
value, (1 − ω). The default intensity implied by the underlying bond
(reflecting the likelihood of the insured credit event) is, for a given
bond spread, increasing with the recovery fraction, ψ, as in (6.6). Note
that the bond instruments use the RMV version, ψ, while CDS are
priced by the fractional recovery of par, ω. The relationship between
both parameters, ψ and ω, as gained from the delivery bond, is approx-
imately linear under the assumed circumstances. Their ratio is above
(below) one when the CTD trades below (above) par. This creates a
picture similar to Fig. 6.2, which shows increasing CDS spreads when
the CTD trades below par, and declining spreads when the CTD trades

12 However, as evidence from Chap. 3 shows, even very plain maturity extension
deals do not result in a constant ψ for all bonds. In practice, they resemble a
mixed recovery framework, the recovery value being the sum of two recovery
fractions ω and ψ.
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above par. The farther the CTD trades from par, the more the ratio of
ψ to ω diverges from one, increasing the flexion of the curves.

As evident from this example, the irrelevance of the chosen recov-
ery fraction is a good working assumption when the deliverable bonds
trade near par. In this case, the CDS spread is insensitive to the ex-
ogenously chosen recovery value, and the difference between the RMV-
based ψ and the RFV-based ω becomes irrelevant. Under such circum-
stances, other basis effects probably outweigh the recovery effect. This
is the reason why, in practice, negative bases are observed for most
non-distressed entities, even if the CTD trades slightly below par. In
distress, however, the recovery effect cannot be neglected. The pricing
of the CTD deserves special attention in such situations. As shown
above, this can cause the basis to widen significantly.

6.2 Empirical Evidence From Brazil 2002–2003

The dependence of CDS bases on recovery values offers an opportunity
to extract the implied risk neutral recovery value from market data.
In the previous chapters, only bond prices were used to estimate the
implied RFV fraction. This section will exploit empirical CDS and bond
data for the purpose of extracting implied expected default recovery
values, leaving aside potential other basis effects.

6.2.1 Preliminary Data Analysis

The empirical analysis relies on different sets of data, based on common
data sources (such as Bloomberg and Datastream) as well as quotes
directly provided by traders. The analysis of approximate no-arbitrage
relationships focuses on episodes of distress, where the recovery effect is
most pronounced and dominates other basis effects. Among sovereign
issuers, only a few cases are available matching the following selection
criteria: (i) a prolonged period of spreads above 1,000 basis points;13

(ii) a rich data set of CDS quotes; (iii) the existence of cash bonds
with roughly comparable tenor to serve as the derivative’s underlying
bond; and (iv) a set of cheapest-to-deliver bonds trading below par.
The Brazil crisis 2002–2003 complies best with these criteria, given the
limited availability of liquid CDS quotes from other countries.

13 This threshold is typically seen as a good proxy for distress. See Pescatori and
Sy (2004).
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Some of Brazil’s cash bonds resemble CDS tenors of three and five
years, which is useful for the further analysis. The time period of 2002–
2003 encompasses the entire cycle of a distress period. Figure 6.3 il-
lustrates CDS spreads and the EMBI country subindex. Credit Trade
data indicates that the usual trade size is between $5 and 35 million,
with a mean size of $7.5 million. As is typical for distress periods, the
term structure of spreads is inverted, with the one year CDS quoting
higher than the three and five year contracts. This relation is not re-
versed until the beginning of 2003, when spreads finally declined. First
differences show a significant co-movement of CDS spreads, with cor-
relation coefficients amounting to 96% and 98%, and the first principal
component explaining 98.6% of the variation (and 95.6% of the AR(1)
residuals).

Fig. 6.3. CDS and EMBI bond spreads during the Brazil crisis 2002–2003
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Source: Bloomberg, Datastream. CDS spreads with one, three, and five year tenor
and the Brazil EMBI subindex during the Brazil crisis 2002–2003.

Figure 6.3 already gives a clear indication of the development of the
basis during this period. Figure 6.4 plots the basis with risk spreads
from respective cash bonds of similar tenor. The basis is higher for the
three year tenor, which is the result of a less significant inversion of the
bond spread curve, both in absolute and in relative terms. Although a
number of basis effects listed in Tab. 6.1 might be at work, only a few
can be identified by way of offering a conclusive explanation for the
basis.

The delivery option does not pretend to bear any value, since the
2001 Bra 2024 US$ 8.875% issue serves as cheapest-to-deliver during
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most of this period.14 There is no evidence of extraordinary issuing ac-
tivity in the cash bond market, and proxies for short selling restrictions
prove insignificant. Repo specialness also does not seem to be a main
driver of the basis (Longstaff et al. (2004)).

Fig. 6.4. Three and five year CDS basis during the Brazil crisis 2002–2003
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Source: Bloomberg, Datastream, author’s calculation. Basis between three and five
year CDS and respective cash bonds with similar tenor.

14 On single days, the data suggest lower prices for the 1997 Bra 2006 DEM 11%
bond. However, it is believed that these prices are a result of its exceptional small
issue size (DEM250 million originally) and would not be maintained if demand
increases.
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With regard to relative liquidity, Longstaff et al. (2004) show that
this effect may widen the basis by around five basis points for liquid
bonds, and up to 50 or 75 basis points during distress, according to
information retrieved from market traders. For Brazil, indicators of
liquidity on the CDS market contribute only marginally to explaining
the basis. Generally, Brazil quotes show a mean bid-ask spread of 29.8
basis points, or 15% of the respective mid-quote. This is considerably
higher than spreads on Brazil bonds, amounting to around 20 basis
points.15 However, during distress, bid-ask spreads are relatively lower
and make up only around 3% of the CDS mid-quote.

The co-movement of the basis to common proxies of risk aversion is
less obvious than in the sample countries used by Pan and Singleton
(2005). In a regression of levels, the VIX volatility index explains be-
tween 10% and 20% of the variance. Other measures, such as the EMBI
Global, or the term spread of U.S. Treasuries, do not provide mean-
ingful determinants of the CDS basis.16 The most significant influence
can be traced back to the fact that the underlying bonds traded below
par. A regression of the basis on the price difference to par explains
more than 40% of the variance. If it is assumed that protection buyers
ask only for partial protection (and therefore buy CDS to insure only
the current market price of the underlying bonds), the basis is positive
solely in autumn 2002, reaching to above 500 basis points. This prelim-
inary analysis indicates that the price effect of these underlying bonds,
trading below par, is the main cause for the discrepancy of spreads
between the CDS and the cash bond market.

6.2.2 No Arbitrage With Two Instruments

The analysis of basis effects in the previous section has offered several
possible explanations, and suggests that the spread difference between
CDS and bonds might not be a good measure by which to assess the
relative value of a position. The following section calculates the implied
default intensity and recovery rate, using a simple no-arbitrage frame-
work. For this reason, bonds of roughly the same tenor as an available
CDS contract are selected from the data. Assuming that the CDS is
priced in the absence of arbitrage, the observed market values can be
used to calibrate the CDS and the bond valuation formulas (see (6.4),
and respectively, (4.9) in Chap. 4). Leaving other basis effects aside,

15 As measured by the British Bankers Association according to the EMBI+
subindex.

16 In fact, their correlation to the basis is negative.
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the CDS spread is a function of the default intensity and the recovery
fraction,

ct = f(λt, ωt) , (6.7)

with the default intensity and recovery rate assumed to be constant
throughout the life of the contract. The dirty bond price, in turn, is,
under this no-arbitrage argument, a function of the same parameters,

Pt = wRFV (λt, ωt) . (6.8)

When using a combination of one CDS spread for c in (6.7) and one
corresponding bond price for P in (6.8), both variables, λ and ω, can be
determined. Figures 6.5 and 6.6 illustrate this implied recovery fraction
of face, ω, the main variable of interest, for different combinations of
bonds and CDS.

Fig. 6.5. Daily recovery rates implied from three year CDS and cash bonds
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Data source: Author’s calculation. Implied recovery rate ω from an approximate
no-arbitrage relationship calibrated to three year CDS and bond market data in
Brazil 2002–2003. The implied parameters, the default intensity λ and the recovery
rate ω, are assumed to be constant for the remaining life of the instruments. The
grey line indicates the dirty price of one of the underlyings.

It has to be borne in mind, though, that in this analysis the two im-
plied parameters subsume all statistical noise, residual basis effects, as
well as potential distortions emanating from a less than perfect match
of maturities. Furthermore, the implied parameters represent risk neu-
tral measures, so that the implied recovery rate does not necessarily
compare with realized recovery values from Chap. 3. However, it is
striking indeed, that the implied recovery rate during distress is much
higher than the 25% standard assumption. The course of the implied
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Fig. 6.6. Daily recovery rates implied from five year CDS and cash bonds
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Data source: Author’s calculation. Implied recovery rate ω from an approximate
no-arbitrage relationship calibrated to five year CDS and bond market data in
Brazil 2002–2003. The implied parameters, the default intensity λ and the recovery
rate ω, are assumed to be constant for the remaining life of the instruments. The
grey line indicates the dirty price of one of the underlyings.

recovery rates shows a strong correlation with the overall bond price
level. This is a reasonable result as the underlying cash bond price
provides an upper bound for the recovery value. When translating the
implied recovery fraction of par into the respective recovery fraction
of the underlying bond’s market value, the resulting ψ is found to be
between 0.74 and 0.80 for the five year contract, and close to 0.9 for
the three year contract.

At a first glance, there are two explanations for the apparently very
high recovery ratios. First, it could be argued that high recovery values
are typical since a soft resolution of debt problems is implicitly guar-
anteed by the international financial institutions and the G-8 govern-
ments. This might be true for Brazil, which at that point received con-
siderable support (see Sect. 2.2.4). The cases of Russia and Argentina,
however, have shown that such a conjecture might not be accurate.
Second, the result might point towards a discrepancy between market
CDS spreads and the theoretical spreads warranted by the model, pos-
sibly caused by other basis effects at work. When recalling that the
recovery effect is less pronounced at shorter maturities, this conclusion
appears even more plausible for Brazil where the recovery rate implied
from three year contracts is higher than for five year contracts. It is
reasonable to imagine that CDS spreads during very severe distress are
higher than the model suggests since certain basis effects (such as a
shortfall in the supply of protection and costs of short selling) become
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more significant. It is also possible that higher spreads reduce the num-
ber of protection sellers in the market, creating a quasi-monopoly for
very few, well diversified actors.

However, if this implied measure represents the true risk-neutral
RFV fraction for all bonds, we would expect the recovery fraction to
be about the same for all maturities. Such an interpretation neglects
the fact that the implied recovery rates become higher than the CTD’s
price which, of course, has not yet entered the arbitrage relationship.
This gives rise to the more flexible model of mixed recovery where a
bond’s total recovery value is comprised of the sum of RMV and RFV
fractions. This is the most sensible way to draft a recovery scheme which
fits all bonds, both the underlyings and the cheapest-to-deliver bond.
Under this type of model, the recovery fraction of face value would be
lower than the implied recovery value in the above estimations. The
total recovery value of the CTD (which is lower than the recovery rate
in the above figures) would cause the implied default intensity for the
CDS and the underlying bond to assume lower values. This corrects a
potential bias emanating from the above assumption of the underlying
bond serving as delivery, and sheds more light on the crucial role of the
CTD.

6.2.3 No Arbitrage With Three Instruments

This no-arbitrage relationship is made up by three instruments, the un-
derlying bond, the cheapest-to-deliver bond, and the CDS contract. As-
suming that our data presents fair prices for each instrument, and other
basis effects are negligible, the formulas for CDS and bond prices sug-
gest the distinction of the following unobservable variables: the RMV
fraction, ψ, the RFV fraction, ω, and the intensity of a credit event,
λ. While term structure models can be used to accommodate different
shapes of forward intensities, the following uses a constant hazard rate
function (see Sect. 4.3.2), which, together with the flexible model of
mixed recovery, presents a sensible simplification suitable to this static
estimation. The use of a constant hazard rate is necessary to infer, along
with the default intensity, both implied recovery parameters, ω and ψ,
from the daily prices of the three instruments under consideration.

The resulting recovery value of the CDS, comprised by the RFV
fraction, ω, and the ψ-fraction of the CTD price, are shown for the three
and five year contracts in Figs. 6.7 and 6.8.17 Although it is well known

17 These figures are created for illustrative reasons (instead of plotting solely ω
and ψ), and incorporate additional assumptions. The graphed recovery value is



218 6 Credit Default Swaps

that risk term structures are significantly inverted during distress, using
constant default intensities is a reasonable working assumption for two
reasons. First, the introduction of face value recovery (in contrast to
market value recovery implicitly assumed when looking at spread term
structures) causes the implied default intensity to level out as can be
seen in a bootstrapping analysis (as illustrated in Fig. 4.7 in Chap. 4).
Second, distressed bond prices show little sensitivity to the long-term
(survival contingent) default intensity as the likelihood of survival in
the distant future is very low. The price of the Brazil CTD, which has
a much longer duration than the three and five year tenor contracts
regarded here, is therefore only marginally affected by an incorrect
specification of the long-term default intensity.

Fig. 6.7. Daily RFV and RMV recovery rates implied from three year CDS,
underlying, and CTD
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Data source: Author’s calculation. Dirty CTD price and implied recovery value of a
three year CDS contract, split into RFV and RMV fractions. The Brazil 2006 US$
10.25% bond serves as underlying.

The Figs. 6.7 and 6.8 show two main results. First, the implied
recovery value is found significantly higher than the 25% fraction of

discounted with the risk-free rate from the 75% quantile default time, i.e. the
point in the future at which the cumulative default probability hits 75%. The
recovery fraction of market value, ψ, is multiplied with the current clean price
of the CTD which does not take into account fluctuations in the expected pre-
default price. Results are illustrated only for one underlying. For the three year
tenor, Brazil 2006 US$ 10.25% is the most liquid bond and has the best maturity
match. Results for the Brazil 2005 US$ 9.625% bond look comparable, despite an
earlier convergence of the RFV fraction to zero at the end of the sample. For the
five year tenor, results for the other bonds look similar.
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Fig. 6.8. Daily RFV and RMV recovery rates implied from five year CDS,
underlying, and CTD
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Data source: Author’s calculation. Dirty CTD price and implied recovery value of
a five year CDS contract, split into RFV and RMV fractions. The Brazil 2008 US$
11.5% bond serves as underlying.

face most of the time. Second, the graph unveils a very high correlation
between the implied recovery value and the dirty price of the relevant
CTD during the heights of the crisis. During the period from July 2002
to January 2003, the correlation amounts to 85% for the three year,
and 83% for the five year contract.

The level and course of the implied recovery rates are fairly simi-
lar for both CDS maturities, except for the ω-recovery fraction which
turns to zero in March 2003 for the shorter contract. For the five year
contract, the recovery of face value portion, ω, remains stable around
20% of face value while almost all variation originates from fluctua-
tions in the ψ-recovery fraction. During the period of autumn 2002,
when spreads hit their peak, the implied total recovery value almost
equals the CTD price. This implied recovery value can be interpreted
as the investors’ expectations with regard to the value recovered from
a possible restructuring. The constellation suggests that CDS markets
expected an imminent, but soft restructuring. Given the nature of the
Brazil crisis and the multilateral support the country enjoyed, the soft
restructuring scenario presents an appealing interpretation of the re-
sult.
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6.3 Concluding Remarks

The conjecture that recovery is not a relevant determinant of CDS
spreads is a reasonable approximation during non-distress periods. The
theoretical section of this chapter, however, indicates that when bonds
trade considerably below par, for instance during distress, the role of
recovery cannot be put aside. Awareness of this phenomenon is impor-
tant for understanding CDS spreads and a well functioning market for
protection.

The empirical observation that CDS spreads are much higher than
bond spreads during distress exceeds the scope of traditional basis ef-
fects (such as the delivery option), and is based on two mechanisms.
The first is the fact that, at bond prices below par, a CDS contract in-
suring the par value offers overinsurance, resulting in a positive basis.
Additionally, the relevant recovery rate for CDS contracts is the post-
default value of the bond chosen for delivery by the protection buyer.
The protection buyer would, preferably, chose the cheapest-to-deliver
bond. Independent of the underlying to be protected, the cheaper the
expected post-default price of the CTD in relation to the underlying
bond, the higher the wedge between the CDS and the bond spread.

The second mechanism refers more directly to the impact of the
chosen recovery fraction to price CDS. This is best illustrated in a
model calculation in which a CDS contract price is based on an un-
derlying bond with the same tenor, being the only accepted delivery.
Using simplified formulas, the bond spread equals the product of the
hazard rate, λ, and the loss rate using the RMV definition, (1 − ψ).
In contrast, CDS are par instruments so that the CDS spread is the
product of λ and the loss rate using the RFV definition, (1 − ω). At
high spreads during distress, the underlying bond usually trades below
par. Thus, any exogenously assumed recovery fraction of par translates
into a higher recovery fraction of market value, and ψ > ω. Assuming
consistent pricing of CDS and bonds under risk neutrality, this causes
the fair CDS spread to increase exponentially with higher values for ω,
given the bond price is below par. This non-linear relationship becomes
more pronounced for higher spreads and longer CDS maturities.

Especially during crises, the above effect can be used to infer the
implied recovery rate from market data of CDS and bond spreads,
assuming that both are driven by the same parameters. Using data
from the Brazil crisis in 2002–2003, this helps to explain why the CDS
basis reached levels as high as 2,500 basis points. Calibrating bond
and CDS formulas for different combinations of three and five year
tenor instruments suggests that the implied recovery rate is closely
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related to the underlying bond price and remained above 40% of par
during most of the crisis. Using a combination of three instruments (the
CDS, the underlying bond, and the CTD), it is possible to distinguish
between the RMV and RFV fractions, following the mixed recovery
model of Sect. 4.4.2. Results for the Brazil crisis show that CDS and
bond data implied an almost constant recovery fraction of par (about
20%), while the RMV-fraction adds another portion of up to 25% to
the total implied recovery value. The implied recovery value is strongly
correlated with the CTD during the heights of the crisis, supporting the
idea that the CTD is a useful proxy for pricing CDS (Singh (2003a)).
Furthermore, the very high recovery value (in comparison to the CTD)
suggests that markets expected an impeding credit event, such as a
restructuring at soft terms, in fall 2002.



7

Conclusion

The global bond market for emerging sovereigns has weathered a sig-
nificant number of adverse events in its recent past. Nevertheless, it is
currently prospering due to the benign constellation of the global econ-
omy and the improvement of domestic policies. Despite setting a prece-
dent, the historic dimension of the Argentine default and restructuring
did not sound the death knell for the sovereign bond market, as some
commentators had foretold. The “global saving glut”, together with a
positive change in attitude towards fiscal prudence in emerging market
sovereigns, still motivates large capital flows into the global sovereign
bond market. Historically low levels of country spreads not only re-
flect excess liquidity, however, but also improved fundamentals. Besides
reaching higher levels of economic maturation, many governments in-
creased public savings, introduced more flexibel exchange rates, and
took advantage of the non-inflationary expansion in global liquidity
which pushed down the equilibrium real interest rate.

This monograph has sought to present a holistic picture of the inter-
national sovereign bond market from the point of view of an enlightened
investor. The historic perspective on sovereign borrowing and lending
has shown that, even during the sovereign bond market’s early bloom
more than one century ago, sovereign lending could prosper in absence
of international bankruptcy regulation. The former era also enjoyed
less volatile and generally lower spreads despite lower transparency
and skewed fundamentals. This look at history sheds a different light
on the exceptionally low risk spreads enjoyed by sovereign debtors in
the years after 2004.

Yet past cycles of sovereign lending and default have taught that
debt crises will recur at some point. Since the fall of Russia, investors
know that the “too large to fail” paradigm is invalid. The relatively be-
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nign restructuring terms in the test case of Pakistan avoided scaring off
investors and thus paved the way for other workouts. Lacking the repu-
tation of Pakistan, Ecuador subsequently moved forward with the first
comprehensive bond restructuring on less favorable terms. Given sig-
nificant external bonded debt, sovereign bond restructurings have be-
come an integral part of IMF programs since. The workouts in Ukraine,
Uruguay, and the Caribbean countries make a case for expecting more
sovereign bond restructurings in future crises.

The emergence of new crises will, however, be countered by more
and more sophisticated policies for crisis containment. For formulat-
ing an appropriate policy response to debt crises, it has proven helpful
to distinguish situations of illiquidity from insolvency. Sovereign gov-
ernments in need of financing will always try to tap the source with
the lowest marginal cost of borrowing. If all sources are exploited, all
stakeholders have to assume responsibility. This results in an early call
for private sector involvement, which may take the form of a volun-
tary debt swap to prolong maturities, a soft or a hard restructuring.
While a soft restructuring is a comprehensive take-it-or-leave-it offer
to prolong maturities of sovereign bonds for immediate cash-flow re-
lief, a continuum exists towards hard restructurings which additionally
ask for debt relief. This continuum mirrors the flexibility needed to
counter sovereign debt crises, since fighting crisis symptoms may turn
a liquidity problem into a more profound solvency problem.

Sovereign restructurings show, despite the individual circumstances
and the prevalence of ad hoc solutions, more commonalties than widely
recognized. The large positive return investors could achieve during re-
structurings indicates the existence of a significant risk premium for
these transactions. Such a risk premium appears unjustified given the
positive track record of most sovereign restructurings: all transactions
were successfully closed with large participation rates, and sovereign
bond prices quickly rebounded in most cases. Sovereign restructurings
have not justified the fears investors have about them. This lesson grows
more important as the international financial institutions call for im-
mediate involvement of private investors during a crisis. Preemptive
restructurings, as seen in Uruguay, reduce the criticism of bailing out
private investors and ensure timely action for crisis containment. This
trend suggests that investors should reckon with more frequent credit
events, albeit ones that apply soft terms and result in small losses, if
any.

While the “rush to the exits” in the run-up of a restructuring only
locks up the losses, which are worst in early stages of the process, the
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“rush to the courthouse” of holdout investors has little appeal as well.
Legal action, at least from smaller bondholders, has not proven to exert
significant influence on the debtor and does not meet with political ap-
proval. The recent attempts to attach payments to other bondholders,
who have accepted the restructuring offer, are seen as an obstacle for
successful crisis resolutions. Furthermore, the spreading use of collec-
tive action clauses will eliminate the holdout strategy when minority
bondholders can be bound into the restructuring deal. Holdouts will
soon become history.

The preliminary analysis of recent restructuring deals inspires the
design of a bond valuation model to better reflect the peculiarities of
sovereign bonds. Tracing the distinction of hard and soft restructurings,
the model combines the two major recovery concepts of recovery of
face value (RFV) and recovery of market value (RMV). The value of
a cross section of sovereign bonds with similar seniority is therefore
comprised of a risk-neutral default probability (which can be modeled
as a stochastic process) and a mixture of both the RFV and RMV
recovery values.

Not only is this model of recovery very well suited to sovereign credit
events, but it also applies a new approach for modeling the default prob-
ability. To determine the shape of the default intensity term structure,
the functional forms of continuous probability distributions are used.
This approach presents an extension of Andritzky (2005) and resembles
failure rate models from technical engineering. In comparison to tradi-
tional parsimonious models, like the Nelson-Siegel (1987) model, such
failure rate models fit empirical bond prices much better, even for ma-
turing issues and during financial distress. Given that the bonds trade
significantly apart from par, the parsimonious parametrization allows
the estimation of implied default variables for countries with as few
as five outstanding bonds. In combination with the simultaneous esti-
mation of the recovery fraction of face value, the model is sufficiently
flexible to fit a heterogenous cross section of bond prices while avoiding
the over-parametrization problem encountered by other models.

In the empirical application, the performance of a Nelson-Siegel
model is compared with bond models using different distribution func-
tions for the default intensity and RFV recovery. Based on data from
Brazilian sovereign bonds, the in- and out-of-sample fit of the latter
type of models is much better. Therefore, the most flexible Weibull
model (using the function of the Weibull distribution) is chosen to es-
timate implied credit risk parameters for half a dozen emerging market
countries. Using a cross section of pari passu ranking bonds, the esti-
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mates yield a term structure curve of risk-neutral default probabilities
and the RFV recovery fraction at any point in time. The resulting
weekly parameters neatly describe the economic events during the ob-
servation period.

The above provides a useful contribution to the literature in two
important ways. First, the model performance can be compared under
different parsimonious hazard rate models applied to emerging market
sovereigns. The result extends the existing literature by providing a
comparative study on the empirical performance of bond pricing mod-
els. Second, the resulting parameter estimates yield a more differen-
tiated picture of sovereign credit risk than the ones currently used in
the academic literature. Future research can rely on these parameters
for cross-country comparisons of sovereign creditworthiness, the cali-
bration of fundamental models of debt sustainability, and the drafting
of appropriate crisis resolutions.

The distinction of recovery value modeled as a fraction of face value
versus pre-default market value is also relevant for recovery-contingent
derivatives, such as credit default swaps. CDS are popular credit deriva-
tives which, due to their standardization, can be used to measure and
manage credit risk exposure. The analysis serves as a reminder that
CDS and bond spreads are fundamentally different because their pric-
ing formulas use different recovery rate definitions. The difference is
most pronounced during distress and highlights the relevance of recov-
ery assumptions. Using data from the Brazil crisis 2002–2003, it can be
shown that this fundamental difference explains the large positive ba-
sis between CDS and bond spreads. This additional information can be
exploited by means of the no-arbitrage relationship between bonds and
CDS, yielding insight into the market expectations about the terms of
an impending restructuring.

With regard to policy implications, this study adds to the litera-
ture that tries to shape the direction in which the international finan-
cial architecture is heading. The literature has, to date, substantially
contributed to the determination of optimal debt levels and the over-
coming of incentive problems. As a result we understand much better
when multilateral assistance is appropriate and how emergency lending
should be designed without creating misleading incentives. Concerns
that IMF stand-by assistance creates moral hazard are unwarranted.
Many commentators have pointed out that as long as crisis lending
is repaid in full, there is little substance to the argument of bail-outs
creating creditor moral hazard. By involving private investors through
sovereign bond restructurings, all parties will contribute to the crisis
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prevention and resolution effort. With regard to debtor moral hazard,
most crises go hand in hand with political instability. This connection
does not support the notion that a sovereign default serves the current
governing elite and is in their own interest. Although the IMF is of-
ten compared to a fire brigade, by serving as “scapegoat” instead the
institution actually can facilitate indispensable policy change.

Lack of political consensus, however, did prevent the IMF from as-
suming the role of an international sovereign bankruptcy court. While
the discussion, recently fueled by the draft for a “Sovereign Debt Re-
structuring Mechanism”, has increased the awareness of this topic, the
establishment of such a centralized mechanism is off the table. The new
market standard of bond contracts includes collective action clauses
which overcome the collective action problem, facilitate the involve-
ment of bondholders in the negotiations, and reduce the large costs of
sovereign debt crises. With majority voting in place, the current policy
mantra of preemptive soft restructurings appears as a sensible response
to the criticism brought against the international financial architecture
in the 1990s. The IMF, however, should go even one step further by
tolerating sovereign default where appropriate in order to signal the
need for debt relief. This extra step would present the recognition of
accepted custom, given that all past sovereign restructurings (except
for Uruguay) took place under default, a delay in debt service, or at
least a credible default threat.

While crisis prevention and cure hint at the risks inherent in
sovereign borrowing, public debt nonetheless is an effective device for
disciplining domestic policy and therefore creates credible signals. For
instance, by using foreign currency bonds as a lending device, the coun-
try imposes on itself constraints with regard to monetary and exchange
rate policies. Where securitized debt dominates emerging market fi-
nance, markets give immediate feedback on policy actions. This feed-
back mechanism fosters more sensible policies, as an unsustainable pol-
icy mix is quickly revealed and sanctioned by the international markets.
Therefore, emerging countries should be encouraged to take advan-
tage of the liquidity in the international financial markets in manifold
ways. Besides promoting the issuance activity of new sovereign and
sub-sovereign entities, the debtors should be allowed to issue in their
domestic currencies, for instance, by a concerted action to overcome
the original sin problem. Following the spirit of the Brady plan, such
an initiative could help create an international market for domestic
currency debt. Investors should be prepared for, and take advantage
of, these kinds of innovative deals in the sovereign bond market.
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Similarly, the credit derivative market requires more attention by
regulators. With the prevalence of soft credit events, CDS spreads be-
come prohibitively high, diluting their capacity as standardized insur-
ance against, and measure of, credit risk. This situation calls for con-
tracts that limit the choice of the deliverable bonds, or reduce the scope
of insured credit events (although the distinction of default and restruc-
turing in the sovereign context is ambiguous). The goal should also be
to avoid a squeeze in the market for deliverable bonds, as might be the
case if the cheapest-to-deliver bond is overwhelmed by demand from
protection buyers. The small number of protection sellers who remain
in distressed markets might distort the price of protection and lead to
the accumulation of delivered bonds of some particular series in the
hands of the protection seller, thus giving him extraordinary power in
the renegotiations.

This survey of the sovereign bond market provides investors with
a helpful toolkit for analyzing sovereign creditworthiness and foresee-
ing developments in the international financial architecture. The result
should be a better understanding of market developments and more
deliberate investment decisions. While keeping in mind that credit risk
premia compensate for default risk, this monograph highlights the role
of the recovery value implied in risk spreads. Awareness of both com-
ponents is essential for the improvement of investment strategies, es-
pecially in the face of financial distress. If this study serves to en-
hance the functioning and prosperousness of the international market
for sovereign debt instruments in the interest of debtors and creditors
alike, it will have achieved its goal.
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