WP/02/181

IMF Working Paper

Moral Hazard and International Crisis
Lending: A Test

Giovanni Dell Ariccia, Isabel Schnabel,
and Jeromin Zettelmeyer

INTERNATIONAL MONETARY FUND






© 2002 International Monetary Fund WP/(2/181

IMF Working Paper
Research Department
Moral Hazard and International Crisis Lending: A Test
Prepared by Giovanni Dell’ Ariccia, Isabel Schnabel, and Jeromin Zettelmeyer'
Authorized for distribution by Eduardo Borensztein and Ashoka Mody

October 2002

Abstract

The views expressed in this Working Paper are these of the author(s) and do not necessarily
represent those of the IMF or IMF policy. Working Papers describe research in progress by the
author(s) and are published to elicit comments and to further debate.

We test for the existence of a moral hazard effect attributable to official crisis lending by
analyzing the evolution of sovereign bond spreads in emerging markets before and after the
Russ:an crisis. The nonbailout of Russia in August 1998 is interpreted as an event that
decreased the perceived probability of future crisis lending to emerging markets. In the
presence of moral hazard, such an event should raise not only the level of spreads, but also
the sensitivity with which spreads reflect fundamentals as well as their cross-country
dispersion. We find strong evidence for all three effects.

JEL Classification Numbers: F34, C2
Keywords: Moral hazard, international lending, financial crises, sovereign debt

Author’s E-Mail Address: gdellariccia@imf.org , isabel(@econ.uni-mannheim.de ,
jzettelmever@imf.org

! Dell’ Ariccia and Zettelmeyer are economisis in the IMF Research Department. Schnabel is at
the University of Mannheim. An earlier version of this paper was presented at the IMF's First
Annual Research Conference, November 2000. We would like to thank Eduardo Borensztein,
Giancarlo Corsetti, Martin Hellwig, Mathias Hoffmann, Olivier Jeanne, Marcel Peter,

Steve Phillips, Carmen Reinhart, Robertc Rigobon, Beatrice Weder, and Tom Willett for useful
discussions and suggestions and Manzoor Gill, Grace Juhn and Priya Joshi for helping us
compile the dataset.



Contents Page
I It OAUCIION ..ttt et s s en et e b e st 4
IL A SIMPIE MOAEL. ..o st e et st s s a e s 7
11| T OO 7
B. Testable Implications of “Investor Moral Hazard” ...........coerverrcimmeiniiccre e 9
C. Robustness to Changes in Model ASSUmptions ......c.ceeevinnecniciiiinniineieeeees e 11
IHI. Empirical MethodOIOZY ...cocccrmrririrrericrcree e e eeesers st 12
A. Regression-Based Tests for Moral Hazard ..., 12
B. The Russian Crisis as a Valid Experiment.......cccovvvininimmmsicciiceceenne 16
C. EStimation StrAt@EY «...c..ccciuirermrmeeiieirs e st bt st s st st as e r e ab s 17
IV,  EmPirical ANALYSIS......coociiercrieier e asnsssistiissriress s sssesesssssssses smesassssmss nseses s seons 19
D I - T O 19
B. Spreads Before and After the Russian Crisis: A First Impression........ccoooveeeenne. 20
C. Tests Using Bondware Data.......c.cocoiicoiii e i 21
D. Tests Using EMBI Global Data ..........cccccconiniininiiiinmmcecsecissneesie e 27
D 2 0] o1V T1 L= PR 28
V. (970310330 13 o ¢ LT O OSSOSO 30
Appendices
L The Variance Test.....cociveveiiececiminc et b b e 32
1I. Proofs for the Propositions in Subsection ILB..........ccccooiiii i, 33
LR 1S) (=5 1oL DO PO PP 52
Figures
1. Estimated Conditional Volatility of Changes in the EMBIG Composite Spread
TOOB-2000 .....oceeieeieeeeiee i resresrevseareesetesstaaastesasesasseseemsase et eameaseras eeseeeensesneseneeseenbeneate 37
2. EMBI Global Daily Strip Spreads, 1998-2000, 20 COUNLTIES. .....ccovvrvrerivirensirrernns 38
3. EMBI Global Daily Strip Spreads, 1998-2000, 18 Countries........ccoovevvvverirnrenernsins 39
Tables
1. Mean and Cross-Sectional Dispersion of Spreads Before and After the Russian
CrisiS: SUMMArY STAtISTICS t.uvivveereareearieenrernereeaneser st isiessresessressssssassassssmnssssinssasssasesasns 40

2. Launch Spread Data: Estimation of Alternative Models Before and After Russian
Crisis, and Results for "SIope Test . ...oveiiiicerieerceer et e 41



[F8)

o

10.

il.

12

Launch Spread Data: Summary Results for "Levels Test" (Russia Crisis) .......ccoeeene. 42
Launch Spread Data: Cross-Sectional Variances of Fitted Spreads Before and

After Russian Crisis, and Results for "Variance Test" ... s v 43
EMBIG Data: Estimation of Alternative Models Before and After Russia Crisis,

and Results for "Slope Test” ... s 44
EMBIG Data: Summary Results for "Levels Test" ... 45
EMBIG Data: Cross-Sectional Variances of Fitted Spreads Before and After

Russian Crisis, and Results for "Vanance Test” ... 46
RODUSINESS CRECKS. .. cuii et e s e sneneser e rennnene 47
Launch Spread Data: Estimation Results Before and After the Mexican and

Asian Crises, and “S1ope Test” ..o s 48
Launch Spread Data: Summary Results for "Levels Test,” Mexican and Asian

L5 g FT = SO R 49
Launch Spread Data: Cross-Sectional Variance of Fitted Spreads Before and

After Mexican and Asian Crises, and Results for “Variance Test” ......coovevvveveivceene 50
List Of Variables. ... e e e e 51



I. INTRODUCTION

No subject in the debate on globalization and international institutions suffers from a greater
disconnect between policy debate and empirical literature than the “moral hazard” supposedly
caused by international official rescues. Ever since the Mexican (1995) bailout, the possibility
that large-scale crisis lending might encourage excessive risk taking by investors and imprudent
policies in debtor countries has been a constant charge of some IMF critics, and a source of
concern to the official com3munity.? “Limiting moral hazard to the extent possible” has been
an objective of IMF policies for some time now, as reflected in attempts to better “involve” the
private sector in crisis resolution, and most recently in the proposal to establish a Sovereign
Debt Restructuring Mechanism (SDRM) as an alternative approach to resolving debt criscs.’
However, no systematic empirical evidence has so far been presented suggesting that moral
hazard associated with international crisis lending is, in fact, a problem or has been a problem in
the past. Only three studies—by Zhang (1999), Lane and Phillips (2000), and recently Kamin
{2002)—study this issue directly, and their conclusions are all negative, either rejecting the
presence of moral hazard outright or finding weak and inconsistent effects.*

For a statement and discussion of the critics” view, see Calomiris (1998), Meltzer (1998), and
Willett (1999). For an early official reform proposal that explicitly recognizes and is partly
motivated by “moral hazard for both creditors and debtors”, see Group of Ten (1996). These
contributions are not, of course, the first statements of concern about moral hazard related to
international official lending, which go back at lcast to Vaubel (1983).

*See “Report of the Managing Director to the International Monetary and Financial Committee on
Progress in Strenghtening the Architecture of the International Financial System and Reform of
the IMF”, September 19, 2000; IMF (2000} and “IMF Executive Board Discusses Involving the
Private Sector in the Resolution of Financial Crises”, Public Information Notice (PIN} No. 00/80,
International Monctary Fund, September 19, 2000 (all documents are available on the IMF’s
website, www.imf.org). On the SDRM, see Krueger (2001, 2002) and Rogoff and Zettelmeyer
(2002).

4 Although they do not directly test for moral hazard, several additional empirical papers are also
worth mentioning in this context. Nunnenkamp (1999) argues that, based on the relatively modest
scale of IMF lending, moral hazard is unlikely to be a serious problem. Brealey and Kaplanis
(2002) study the impact of IMF-related announcements on a variety of asset prices in the country
to which the announcements refers. Their main result is consistent with that of Lane and Phillips
in that “good news” announcements tend to have no effect, while “bad news” announcements (of
which there are far fewer) tend to have an effect. Eichengreen and Mody (2001) find that IMF
programs, ceteris paribus, have a positive impact on the market access and a negative effect on
the spreads of the country with the program. This effect is eliminated once a country has been

in an IMF program for a number of years; a fact that makes it difficult to give their findings a
moral hazard interpretation. Jeanne and Zettelmeyer (2001) do not attempt to test for IMF-related
moral hazard, but present evidence showing that international crisis lending does not contain

a significant subsidy and thus cannot generate moral hazard through that particular channel.
McBrady and Seasholes (2000) examine the impact effcct on bond spreads of the January 1999
Paris Club decision to extend its “comparability of treatment” principle to Eurobonds. They find a



These negative results are all the more surprising as the literature in this area does not test

for moral hazard directly, but instead the much weaker hypothesis that expectations of IMF
intervention reduce investor risk, as reflected by emerging market bond spreads. This is a
necessary but not sufficient condition for IMF-led crisis loans to cause moral hazard in the sense
that they have a palpable impact on investor behavior. 1t is even further removed from the IMF
critics’ claim that official loans cause excessive moral hazard, in the sensc that the possible
beneficial effects of lending to countries in crises are more than offset by adverse incentive effects.
The finding that international crisis lending has no impact on bond spreads implies that official
crisis loans have neither adverse incentive effects through reduced investor risk nor beneficial
effects in terms of reducing the probability and/or overall economic costs of financial crises, since
these should affect a country’s ability to repay investors.

The present paper argues that the literature’s failure to find any clear-cut effect of IMF bailouts
on investor risk is mainly a result of the particular methodologies used. We propose an
alternative approach, which focuses on an experiment well suited to studying the effects of a
shift in expectations of international bailouts—the IMF’s failure to bail ocut Russia in August of
1998—and presents a range of testable implications which were not exploited in the previous
literature. Based on these tests, we find strong evidence for an effect of bailout expectations on
investor risk, consistent with the presence of IMF-related moral hazard prior to the 1998 Russian
crisis (in many emerging market countries, not Just in Russia). This does not contradict a recent
paper by Kamin (2002), who applies the tests proposed in this paper to argue that moral hazard
after 1998 has not been a serious problem, but it does conflict with the main conclusions of Zhang
(1999) and Lane and Phillips (2000).

Zhang (1999) analyzes the longer-term impact of the 1995 Mexican bailout, which constituted
the first large-scale crisis loan of the 1990s. His approach is to regress emerging markets bond
spreads on a number of macroeconomic fundamentals and a measure of international liquidity
(namely, the spread of high-yield US corporate bonds) in a sample that includes observations
before and after the bailout, His main result is that a post-Mexico dummy is insignificant and has
a positive sign, contrary to what one would expect in the presence of moral hazard. However, this
result is based on an event which arguably is not well suited to test for the existence of moral
hazard. Widely viewed as the first of a new type of crises, the Mexican crisis probably led to a
general reassessment of risks related to emerging market lending, as investors learned that even a
country with a recent track record of reform and relatively sound fundamentals was vulnerable to
a sudden capital flow reversal.” Consequently, any reduction in spreads due to moral hazard may
have been offset by an increase in the perceived riskiness of emerging market debt. Zhang’s paper

large reaction, much as we do for the Russian crisis. However, their results do not directly speak
fo the issue of moral hazard attributable to official lending in the large capital account crises of
the 1990s, none of which involved Paris club restructurings. In addition, their findings could be
interpreted as reflecting a change in the perceived seniority of a particular creditor class of private
creditors, rather than a general reduction in official guarantees.

58ee Calvo and Mendoza (1996)



also has the problem that it restricts the regression coefficients before and after the Mexican crisis
to be the same, notwithstanding the fact that it is precisely through changes in these coefficients
that moral hazard, if it existed, should have effects on the level of spreads (see section I1.B).

Lane and Phillips (2000) examine the short-term rezctions of bond spreads to 22 events that
might have changed expectations of future international crisis lending—namely announcements
related to the 1995 Mexican bailout, the crises of 1997-98 and the 1998 IMF quota increase. With
some exceptions— notably, the 1998 Russian default—these events fail to produce statistically
significant reactions of spreads in the expected direction. The problem is that these findings
have ambivalent interpretations, as Lane and Phillips themselves point out. Failure to detect a
significant reaction of spreads could be due to the fact that changes in bailout expectations have
no effect on investor risk, but it could also mean that the event was anticipated. As to the large
reaction of (non-Russian) spreads to the Russian default, this could be attributed to a shift in
bailout expectations, but it could also just reflect financial market turbulence caused by investor
panic and contagion immediately after the default.

To deal with these problems, we adopt the following strategy. Like Zhang (1999), we examine
the long run-behavior of emerging market debt spreads in the context of a regression model,
controlling for changes in international interest rates as well as most country fundamentals that
have been suggested in the literature on bond pricing.® This helps us disentangle the structural
effects of perceptions regarding official lending from short-term changes in spreads attributable to
market turbulence. Second, we concentrate on a highly unanticipated event—the August 1998
Russian “nonbailout”—which we argue below is much better suited to test the impact of changing
bailout expectations on spreads than the 1995 Mexican crisis.” Third, we not only examine
changes in the /evels of spreads after the event, but also changes in the sensirivity with which
spreads react to fundamentals®, as well as changes in the cross-country variance of spreads. In the
context of a simple model of international lending, these are shown to be testable implications of
changes in investor risk attributable to bailout expectations (see section ILB).

Our main result is that the Russian crisis was followed by permanent, significant increases in the
levels of spreads in many—but not all—countries studied, in particular in countries with relatively
weak fundamentals. This indicates that the Russian non-bailout increased the perceived risk of
emerging market debt, particulary for “weak” countries. Moreover, we find a permanent, large,
and significant increase in the cross-sectional dispersion of spreads (controlling for fundamentals),
indicating that investors paid more attention to differences in country characteristics after the
crisis than they had done before. This is strong evidence for a risk-reduction effect of (expected)
IMF interventions, which could reflect the presence of moral hazard prior to 1998. However, it is

See, in particular, Cline and Bames (1997) and Eichengreen and Mody (2000).

"We also report the results of our tests when applied to the Mexican and Asian crises to compare
our results to the earlier literature.

8In a different context, Kamin and Kleist (1999) carry out a similar test in a regression with only
one risk factor (credit ratings).



also consistent with the view that the international financial safety net established between 1995
and 1998 made crises less likely or less deep, without necessarily causing moral hazard.’ In that
interpretation, spreads rose after 1998 because the perceived curtailing of this safety net made
emerging market economies a riskier place, to the detriment of everyone. On the basis of our
empirical evidence, one cannot distinguish between these two explanations. Therefore, our results
should be interpreted as a confirming a necessary, but not sufficient condition for the presence of
moral hazard.

The remainder of the paper is organized as follows. In the context of a simple model of
international lending, Section Il derives several alternative testable implications of the hypothesis
that IMF interventions lower investor risk. Section III discusses the implementation of these
tests in the context of an empirical model of spread determination, the validity of the Russian
crisis as an “experiment” for our purposes, and our empirical methodology. Section IV presents
our results, which are based on two distinct datasets: a dataset of launch bond spreads based on
Capital Data’s “Bondware” as well as J.P. Morgan’s dataset of secondary market bend spreads
contained in the “EMBI Global” Bond Index. Section V interprets the results and concludes.

II. A SIMPLE MODEL

Suppose one had a clear-cut event affecting the perceived likelihood of future official crisis
lending to emerging market economies. Then, it should be possible to use financial market
reactions to such an event—such as changes in emerging market bond spreads—to test whether
and how this event affects investor risk. Assuming that any such risk reduction is nef primarily
driven by a reduction in the probability or severity of emerging market crises themselves, this
amounts to a test for investor moral hazard, in the sense that in the presence of official intervention
investors are more likely to be bailed out when a crisis occurs. In this section, we develop three
testable implications of this hypothesis in the context of a simple model of internaticnal lending.
Methodological issues related to the implementation of these tests—in particular, the selection of
a suitable event and the econometric modeling—are left to the next section.

A. Setup

Consider a world where multiple, risk-neutral lenders compete for loans in hard currency to debtor
couniries. For simplicity, we assume that debtor economies can only be in one of two states:
either they suffer from a crisis or they do not. We assume that countries never repudiate their debt,
but may default if they suffer a crisis. Then, country 2’s probability of default can be decomposed
into the probability of a financial crisis in country i, #;, and the default probability condiftional
on a crisis, {1 — A), where A denotes the investors’ “recovery rate”, i.e., the probability of being
repaid in a crisis. For the time being, this recovery rate is assumed to be identical across countries
{this will be relaxed later). In contrast, we allow the probability of a crisis to vary as a function of
a vector of observable country-specific fundamentals, x;, i.e., §; = 0(x;).

%This point is made by Lane and Phillips (2000).



Denoting the exogeneous gross risk-free interest rate as R*, the ex ante gross lendmg rate is
determined such that expected repayment equals the risk-free rate:
R*

=T e

The respective spread over the risk-free rate is then

(1- )0

D

We now introduce the possibility of international crisis lending as in Mexico in 1995, Korea in

1997 or Brazil in 1998 and 2002. Let & denote the perceived probability that a country will receive

an international rescue package in the event of a crisis. For now, this probability is assumed to be

the same for all countries. In general, the expectation of an international rescue package could

affect emerging market spreads through three channels;

» It might affect observable fundamentals, e.g., through government policies: x; = x;(&).
Indirectly, this would also affect the crisis probability.

e It might directly affect the probability of a financial crisis, conditioning on fundamentals:
# = 8(x;,b). For example, the presence of an international financial “safety net” might reduce
the probability of runs on a country’s debt or currency.

e It might affect the recovery rate in the event of a crisis: A = A (b).

“Country moral hazard” usually refers to the first of these effects, i.e., the deterioration of the
borrower country’s policies in the face of a financial safety net. “Investor moral hazard” is
typically identified with the last effect—an increase in the probability that investors will go
scot-free in a crisis. This is the sense in which the term will be used in the discussion that follows,
In spite of the fact that “investor moral hazard” really should refer to particular investor actions,
such as an increase in risky lending or a reduction in monitoring, rather than an increase in the
conditional repayment probability per se. However, in a standard set-up in which unobservable
investor actions are explicitly modeled, an increase in the recovery rate would have precisely this
effect, since it would insulate investors from the risk of a financial crisis, €.

In the remainder of the paper we thus speak of investor moral hazard if international crisis lending
increases the recovery rate condifioning on a financial crisis, i.e., the following property holds:

N0
Bh

>0 2)

At first sight, this condition might appear to be Inevitably satisfied. However, it is not true that
international rescue packages invariably involve the bailout of private international investors.
While the IMF traditionally did not lend to countries that were in default or arrears to their private
creditors, it changed its practices in the mid-1980s, and 1n 1989 formally adopted a policy that



explicitly allowed “lending into arrears”. Thus, the extent to which investors make losses during
crises that involve IMF intervention will depend on the particular case in question. Beginning
with the 1997 Asian crises, the Fund has attempted to build measures into its programs that
“involve” the private sector in crisis resolution. In practice, these have ranged from persuading
banks to voluntarily extend credit lines to conditioning IMF support on debt or financial sector
restructuring measurcs that involved substantial investor “haircuts™,'® Therefore, the question

is whether in light of these policies, a higher probability of international financial rescues is
perceived as increasing the probability of being bailed out in case of a financial crisis or not, and
how strong this effect is.

In the tests that follow, we focus on investor moral hazard, abstracting from country moral hazard
by taking x; as given (in our empirical work, this means controlling for changes in x;). In
addition, we will assume that & does not depend on &, ruling out a direct effect of crisis lending on
the probability of crises. As we will see below, this assumption is critical to interpret our tests as
tests for moral hazard, as opposed to tests for an investor risk reduction effect that might be driven
by the reduction of the likelihood (or severity} of financial crises, rather than an increase in the
conditional recovery rate.

The central question is now how to test for investor moral hazard when A is not directly observable.
B. Testable Implications of “Investor Moral Hazard”
Under the assumptions made in the previous subsection, spreads are determined as

L~ A (8)] - 6(x,)
T[T A®)]-00x)

s = R*- 3)

where x; = (za, .24, ..Z;x). Based on this equation, we can now state three equivalent testable
implications of investor moral hazard. For a given set of fundamentals, an increase (decrease) in
the perceived likelihood of an international rescue

1. reduces (increases) the level of spreads for each country,
2. reduces (increases) the sensitivity of spreads with respect to changes in fundamentals, and

3. reduces (increases) the spread difference between any pair of countries (with initial spreads
“close enough™), translating into a reduction (an increase) in the cross-country variance of
spreads.

More formally, the first result can be written as

Proposition 1 Holding constant the set of fundamentals X = (x|,%5,..xy), eguation (3)
implies thar% > 0 if and only if %} < 0 for any country i.

10§ee IMF(2000) and Cline (2002) for surveys of actual “private sector involvement” during the
crises of the 1990s.
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Proof: see Appendix.

An increasc in the probability of rescue packages results in a Iower perceived risk associated with
international lending, thus reducing country spreads across the board, given fundamentals. Under
the stated conditions, this directly provides a test for moral hazard: In the presence of moral
hazard, events that increase the perceived probability of international rescue packages should
result in lower spreads, when controlling for changes in fundamentals. We will refer to the test
bascd on Proposition | as the “leve! fest”.

Assume that all fundamentals are defined such that #; is increasing in all the components of x;
(in other words, all fundamentals are expressed as “risk factors™). Then we can state our second
result as follows:

Proposition 2 Holding constant the set of fundamentals X = (x|,x},..x%), equation (3)
implies that % > Qif and only if ai—?é—b < 0 for any country i and any country-specific fundamental
Lige

Procf: see Appendix.

From an investor’s standpoint, a higher probability of getting off “scot-free” renders the
idiosyncratic characteristics of each country less important, weakening the link between
fundamentals and spreads (in the extreme, with A = 1, all countries would pay the same risk-free
interest rate, regardless of their fundamentals). This proposition provides a second test for investor
moral hazard: In the presence of moral hazard, events that increase the perceived probability

of international rescue packages should reduce the size of the slope coefficients linking country
spreads and fundamentals. We will refer to this test as the “slope fest”.

Finally, define A¢ = s, — s, m # n, where s, and &, are the interest rate spreads of two
countries m and n. If s,, and s, are “close enough” in the sense that As can be approximated
reasonably well by a first-order Taylor expansion, we can prove the following proposition:

Proposition 3 Holding constant the set of fundamentals X = {(x{,x5,.. X)), equation (3
implies that % > 0 if and only if % < 0 for any two countries m and n,m # n for which

we can approximate As = s, — sp by a first-order Taylor expansion.

Proof: see Appendix.

This proposition shows that a higher probability of being bailed out reduces the spread difference
between any pair of countries (with initial spreads “close enough™). This means that the higher
bailout probability not only lowers the level of the spread as in proposition 1, but that the decrease
is more proncunced for countries with higher spreads. Intuitively, as investors pay less attention
to differences in fundamentals across countries, the differences between country spreads should
also narrow. This further implies that, for any given set of fundamentals, the dispersion of spreads
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decreases when the probability of being bailed out increases."” Our test can then be formulated
as fellows: In the presence of moral hazard, events that increase the perceived probability of
international rescue packages should reduce the cross-sectional variance of the spreads. We will
refer to this test as the “variance fest”,

C. Robustness to Changes in Model Assumptions

[f equation (3) holds, the propositions in this secticn all specify necessary and sufficient conditions
for investor moral hazard, thus providing three alternative and equivalent testable implications.
However, when the underlying assumptions are relaxed, the three conditions may cease to be
sufficient and remain only necessary. At the same time, the equivalence among the three tests may
cease to exist.

Consider first what happens if one allows for a beneficial role of international crisis lending in
crisis prevention or mitigation. [n our sct-up this means allowing the probability of a financial
crisis, @,, to depend on b, with a_ag(;}_@ < (. For example, a crisis-preventing effect may arise if
international crisis lending eliminates self-fulfilling debt runs a la Sachs (1984), or provides the
domestic authorities with the hard currency necessary to implement domestic financial safety nets
and prevent bank runs triggered by shifts in exchange rate expectations (Jeanne and Wyplosz,
2001). One can show that in this case, the “level test” will never be able to distinguish the effects
of investor moral hazard from thosc of a reduction in the crisis probability and that the “slope” and
“variance tests” can make this distinction only under conditions that are not necessarily satisfied
in practice. The inability to distinguish moral hazard from *“true risk reduction” attributable to
international crisis lending thus constitutes a fundamental identification problem which we share
with the remaining literature in this area, as explained in the introduction.'

Another assumption made in the previous subsection is the invariance of the recovery rate across
countries, This assumption is less critical, and can be relaxed by allowing A to depend on x; i.e.,
A = A{x;, ). This formulation encompasses two cases that are likely play a role in practice. First,

HFRor this to be true, it is sufficient that the difference between all neighbouring spreads decreases.

2To the extent that international crisis lending has beneficial effects only via ruling out an inferier
equilibrium in the context of multiple equilibria, this would help us deal with the identification
problem, since risks of this kind are typically not priced (we are grateful to Giancarlo Corsetti for
bringing this point to our attention). However, this does not entirely solve the problem for two
reasons. First, recent models employing the global games methodology yield unique equilibria
and thus well-defined crisis probabilities (Morris and Shin, 1999). To the extent that an IMF
intervention makes runs less likely, this would be reflected in spreads. Second, the fact that in
our mode! international crisis lending can have a beneficial role only through its effect on the
probability of crises ex ante is merely a conscquence of our assumption that all criscs arc of
the same severity. If we allowed international lending to have a beneficial effect ex post (for
example, by cushioning the capital account reversal and thus the output decline in a crisis), then
the anticipation of official lending would have an effect on spreads even if it had no effect in terms
of preventing the crisis.
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the recovery rate could depend on country fundamentals directly, regardless of expectations of
international crisis lending. For example, the efforts that a country makes to repay investors in a
crisis {e.g., through fiscal adjustment) is likely to depend on observable fundamentals. Second,
the likelihood of international official intervention in a crisis country will generally depend on
country characteristics. For example, the international official community might be less prone
to extend crisis loans to countries with chronically poor policies, and it may be more prone to
extend crisis loans to large countries with systemic impact. In this interpretation, the parameter &
would represent a gencral taste parameter of the IMF and its sharcholders—its general propensity
to engage in large-scale crisis lending-—while the likelihood that a particular country will receive
assistance wil! depend on the interplay of b and x;.

In the Appendix, we show that if A = A(x;, b) all propositions go through, provided we impose
two weaker conditions instead. The first states that an increase in b affects the expected recovery
rate uniformly across countries, the second rules out the (pathological) case where a country with
a “much smaller” crisis probability has a higher spread due to a “much smaller” recovery rate.
Hence, the general ordering of spreads should depend on # and should not be reversed by the
ordering of the recovery rates.

I11. EMPIRICAL METHODOLOGY

A. Regression-Based Tests for Moral Hazard

We start from a standard model of the determination of bond spreads

Sip = Xy + Ui, 4)

where s;; denotes the bond spread of country ¢ at time ¢, and x;; is a 1 X k-vector containing
the country’s fundamentals at time £ that determine the spreads of sovereign bonds. These
fundamentals can be country- and/or time-specific. The term v represents a random error. This
equation will be the basis of all our regressions,

Consider now an event that reduces the perceived probability of future bailouts."” The general
estimation procedure will be to estimate a pooled model over the whole period, i.e., before and
after the event, without restricting the coefficients of the model to be the same before and after the
event. For the ease of exposition, assume that there are only two points in time: “before” the event
(t = 0) and “after” the event (t = 1).

Then, bond spreads before the event can be described by the model

Si0 = X0 + i, (3)

13Since we are looking at the unexpected absence of a further international rescue package for
Russia in August of 1998, this is the relevant case for our empirical analysis.
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while the model changes to
s =xp 8" +un (6)

after the event due to a potential structural break. Denoting Fy the null hypothesis that moral

hazard is not present, and H; the presence of moral hazard, the three tests derived in our

theoretical framework can be restated as follows in the context of the empirical model:!*

1. Under Hy (i.e., no moral hazard), the slopes of the regression equation should be unaffected
by an event that reduces expected international crisis lending. Under I1; (i.e., moral hazard),
however, we would expect all slopes to increase after the event (in absolute value)} because
investors bear a larger part of the repayment risk and will price risk factors more than before.
This is the test referred to as the slope test in section 2. It can be carried out as a simple ¢
test on the significance of the change of each individual slope.” In the case of an event that
decreases moral hazard, the test can be formulated as follows:

Hy: |6, —BU=0, k=1,.K
H |8, ~ 5 >0, k=1,.K

Note that this test refers only to the slopes of the regression and not to the intercept.'®

2. Under Hy, the level of spreads should not be affected by an event that reduces expected
international crisis lending. Under H;, however, the level of spreads should increase for every
country, holding fundamentals constant. More formally, the change in the level of spreads can
be decomposed into three components:

Si1 — S0
=xi1 (8" — 8% + (xi — xi0)B° + (wa — uip) (7
= X0 (ﬁl - ﬁu) + (x4 — Xio)ﬁl + (1 — win)

The first term is the change in the level of spreads induced by the change in 3, the second term
the change in the level of spreads caused by the change in the fundamentals, and the third term
reflects the impact of a change in the error term.!” Here, we are only interested in the first term,
which captures the effect of a change in the pricing of risks on the level of spreads. Thus, in
the case where the event entails a potential decrease in moral hazard, the Jevel rest takes the

“As has been. discussed above, we have to assume that the expectation of reduced future crisis
lending has no risk-increasing effect, given fundamentals. Without this assumption, all tests have
to be reinterpreted as tests of the joint hypothesis that either moral hazard or a true risk-increasing
effect is present, or both.

15A similar test can be found in the paper by Kamin and Kleist (1999).

160ur model predicts that the “theoretical intercept”, i.e. the spread at 8 = 0 is equal to zero
irrespective of the occurrence of international bail-outs. The intercept of our regression, however,
is not identical to this theoretical intercept. Therefore, the implications for the “empirical
intercept” are not obvious.

17This is the well-known Oaxaca decomposition that has also been used by Eichengreen and Mody
(2000).
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foliowing form:

Hy @ xu(8'—8" =0
H1 N Xﬁ_(ﬁl — )80) - 0

The test can be carried out as a linear Wald test in which we compare the fitted spreads

that result from the models estimated before and after the event.'® Note that the above
decomposition and thus the choice of z;, 18 not unique: when controlling for fundamentals, one
can cither use the fundamentals before or atter the event. In fact, this choice can affect the
results of the test. Therefore, we present the results for both choices.

3. Under I, the cross-sectional variance of the spreads should remain unchanged after the event.
Under H,, however, the difference in spreads between each pair of countries should increase,
which, in turn, implies an increase in the cross-sectional variance of spreads (controlling for
changes in fundamentals). More formally, we can write the variance across countries before
the event as

Var(se) = 8"Var(Xo)5® + a3 (8)

and the variance after the event as
Var(s;) = 61’1/&?"()(1)51 + U%, (9)

where X, is the N x k-matrix of the fundamentals of all countries at date ¢ and o2 and &2 are
the variances of the error terms. The change in the variance of spreads can be decomposed into
three components:

Var(s:) — Var(sg)

= ['Var(X)8' - 87Var(X1)8"] +

[8*Var(X1)8° - 8*Var(X)8°) + [o% ~ oF] (10)

= [BYVar(Xe)8' — 8%Var(X,)8°] +

[6"Var(X1)8' — 8"Var{X)8'] + [o] — of]
The first term is the change in the variance induced by the change in 3, the second term the
change in the variance caused by the change in the fundamentals, and the third term reflects
the impact of a change in the variance of the error term.” Again, we are mainly interested in

the first term, which captures the effect of a change in the pricing of risks on the variance of
spreads. Thus, if the event entails a potential decrease in moral hazard, the variance test takes

'8This test is very different from the one employed by Zhang (1999) who allows only the
intercept to change after the event. Thus, Zhang assumes that the coefficients on fundamentals
are unchanged before and after the event, which would not be true if moral hazard were in fact
present (sec Section 2).

19This type of decomposition is known in the labor literature on the evolution of the distribution of
incomes over fime.
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the following form:*

Hy AYVar(X)8" = B¥Var(X,) 8
H  fYVar(X)8' > 8%Var(X,)8°

We refer to this test as the variance fest. The variance test will be carried out as a nonlinear Wald
test (see Appendix for statistical details). Note that the above decomposition is again not unique:
the choice of X, can affect the results of the test, and we report the results for both alternatives,

It is important to clarify the relations between our three tests. If all slopes increase in absolute
value, the variance is also going to increase and so are the levels (unless there is a decrease in the
intercept strong enough to reverse the effect of the slopes). Thus, there is no point in doing all
three tests in this situation. The interesting case is one in which some, but not all slopes show
significant increases, while some may cven show decreases. In the slope test, this would imply a
rejection of Hy, which predicted no change in slopes. However, this rejection would not be very
convincing if the increase in some slopes were accompanied by decreases in others. Indeed, H;
predicts that il slopes should increase. The question is whether the slope coefficients showing
significant increases “outweigh” those showing decreases, so that we can accept the presence of
moral hazard with some confidence instead of concluding, for example, that the regression model
is misspecified or the experimental event is ambiguocus, so that no lessons can be drawn.

How should one decide whether the positive slope movements outweigh the negative ones? One
natural way of weighing the slopes is to look at the impact of the change of the slopes on fitted
spreads, controlling for fundamentals. This is the logic behind the level test. Unfortunately, the
results from this test also are very unlikely to be unambiguous. First, the results from this test may
differ across countries and sccond, the choice of X may affect the test results. Therefore, we also
employ the variance test, which allows us to summarize the overall effect of the changing slopes
on all countries in a way suggested by our model.

Some caveats remain with respect to the interpretation of the variance test. First, there continues to
be an ambiguity with respect to the choice of X, Second, it is important to note that a rejection of
the null hypothesis in the variance test does not require all fitted spreads to go up. For the variance
test, the direction of the change in fitted spread is irrelevant as long as the sprcads move farther
apart from each other. Third, our theoretical model predicts that the increase in the variance is
driven by an increase in the distance of neighbouring spreads, with the “order” of countries being
unchanged. Yet, the order of countries does not enter the variance test. Therefore, the results from
the variance test can only be interpreted in combination with the results from the level and slope
tests.

20Since the variance test employs the variance of fitted spreads, it should not be affected by a
change in the volatility of spreads after the event, as long as we use heteroskedasticity-consistent
standard errors,
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B. The Russian Crisis as a Valid Experiment

A critical element of our testing strategy for moral hazard is the choice of an event that constitutes

a valid experiment for the purpose of the test. Such an event has to satisfy three conditions:

1. It has to change investors’ perception of the extent or the character of future international crisis
lending.

2. It has to be unexpected.

3. It must not lead to a reassessment of risks other than through the expectations of future
international rescues.

Arguably, the events following the Russian default in August 1998 satisfy all three conditions
reasonably well. The Russian crisis unfolded when the Russian authorities announced a de
facto devaluation of the ruble, a unilateral restructuring of ruble-denominated public debt, and a
moratorium on foreign debt repayments on August 17, 1998. In our judgement, the poor state of
the Russian economy was hardly surprising. In fact, Russia had been downgraded by all three
major rating agencies in the first half of 1998, which suggests that investors were well aware of
the increasing economic risks.

The real surprise was that the international community did not prevent the default of a country
that was widely believed to be “to0 big and too nuclear to fail”, as witnessed by the enormous
build-up of Eurobonds outstanding—from $4.6 billion in March 1998 to $15.9 billion in July
1998—and the oversubscription of all new issues, in spite of worsening fundamentals.*! As a
result, the absence of international support during the Russian plight was widely interpreted as a
sign of a generally higher reluctance of the international community to support crisis countries,
particularly if these countries had not complied with former reform programs. In the words of
David Folkerts-Landau, Global Head of Research at Deutsche Bank and former head of capital
market studies at the IMF: “The rules of the game have changed... If a country has a significant
volume of domestic debt outstanding, if that country is forced into the arms of the IMF... 1
believe that we should assume from here on that any such program will ask the foreign holders of
domestic debt to take a major loss... Clearly, one had the right to be surprised in Russia and face
a write-down there.” Similarly, George Soros is quoted to have stated after the Russian crisis that
“[Financial markets] ... resent any kind of government interference but they hold a belief deep
down that if conditions get really rough the authorities will step in. This belief has now been
shaken.”?? On this basis, the first two of the above conditions would seem to be satisfied.

The third condition is harder to satisfy. There Is at least one interpretation of the events in

2 Therefore, the existence of a moral hazard problem associated with international lending to
Russia seems undisputable. Indeed, this is recognized almost universally and is not the subject
of our study. The important question is whether the events in Russia led investors to revise their
expectations about the riskiness of investments in emerging markets ot4er than Russia.

22Quoted in Blustein (2001), pp. 276 and 277, respectively.
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Russtia that has nothing to do with expectations of international bailouts, namely that the crisis
“reminded” investors of the risks existing in emerging economies, which led to a general repricing
of risks (the “wake-up call” interpretation).? This argument, which is surely valid in the case
of the Mexican and the Asian crises, seems less credible for the Russian crisis. First of all, the
two preceding emerging market crises (Tequila, and particularly Asia) should have been sufficient
to “wake up” investors. Second, it is not clear that the Russian default, which resulted from an
old-fashioned fiscal sustainability problem, contained any information with respect to the risks in
other cmerging economics.? We therefore belicve that the Russian crisis did not primarily change
investors’ evaluation of country risk, but rather their perception about the extent and nature of the
international financial safety net.

C. Estimation Strategy

In applying our tests to the Russian crisis, a complication arises from the fact that the Russian
crisis was followed by a prolonged period of turbulence in emerging markets. During this
high-volatility episode, one cannot reasonably suppose that there was a stable relationship
between macroeconomic fundamentals and bond spreads, as is assumed in the static models that
are estimated in the literature on emerging market bond spreads.? Ignoring this problem—i.e.,
estimating the relationship between spreads and fundamentals before and after the default using a
sample that includes the post-default turbulence—will bias our results in the direction of rejecting
the null hypothesis, as both levels and the cross-sectional variance of spreads sharply rose in the
immediate aftermath of the default, before returning to more normal levels.

There are two alternative ways to deal with this problem. One is to simply exclude the periods
immediately following the crisis from our regressions. For example, one could exclude the
second half of 1998 and perhaps the first quarter of 1999, until markets calmed down after the
Brazilian currency crisis in early 1999. An alternative approach is to have no exclusion period,
but estimate the model using a specification and/or estimation procedure which is be able to
deal with the presence of financial turbulence in the data. For example, one could use a flexible
dynamic specification which allows for several lags in the dependent variable, and/or a GARCH
process in the residuals. One could even give up on trying to model the average dynamic of
emerging market bond spreads altogether, by including an average index of spreads, such as the
EMBI Global (EMBIG), on the right hand side of the regression. This amounts to modeling
the cross-sectional deviations of individual country spreads from the EMBIG as opposed to

#31n the literature, one also finds the informal argument that the losses sustained in the Russian
crisis might have led to a general reduction in the risk tolerance of investors (the “appetite for
risk” interpretation). However, we are not aware of a model formalizing this kind of reasoning.

24The best alternative interpretation that we have heard so far is that the events in the aftermath of
the Russian crisis, in particular the LTCM crisis, revealed the high degree of interdependencies of
financial markets in the world.

238ee Cantor and Packer (1996), Kamin and Kleist (1999), Cline and Barnes (1997), Eichengreen
and Mody (2000).
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country spreads themselves, If we do this, our “level test” would no longer apply in the form
presented above, since the post-crisis maodel is estimated taking the average increase in spreads
as a given. However, our “slope test” and “variance test” would remain valid, and have the same
interpretation as before.

The downside of the first approach is that we could bias the results by getting the exclusion peried
wrong. For example, if our choice of exclusion period is guided by actual crisis events, but market
volatility persisted significantly beyond these events, we would have a problem. More generally,
we obviously do not want our results to depend on a particular choice of exclusion period. The
downside of the second approach is that modeling the extreme swings in spreads witnessed after
the Russian crisis requires a lot flexibility. If we use 2 model that 1s too restrictive, we might
still bias our results in the direction of rejecting the null. In addition, there 1s the usual trade-off
between flexibility (or unbiascdness), and efficiency. We could make our model very flexible by
including many dynamic terms and controls, but given that we have a relatively small number
of countries and time periods, this might come at the expense of not being able to estimate any
parameter with reasonable precision.

Faced with these options and trade-offs, our strategy is as follows. We make the first approach—
the one that excludes the period of financial turbulence, 1.¢., estimates the model using pre- and
post- default “tranquil” periods—our primary vehicle. In addition, we use several variants of the
second approach to test the robustness of our results. Moreover, we explore whether the results
are sensitive to the precise definition of the exclusion period, and in particular whether a larger
exclusion window weakens our main finding to any significant degree. This is not the case (see
section 1V.E).

Using a simple measure of financial turbulence, it is easy to see why the results turn out to be
quite insensitive to the choice of the exclusion period. Figure 1 graphs the predicted conditional
variance of changes in the EMBIG, using a simple GARCH(1,1) model estimated over the
period January 1998 until August 2002, using daily data.”® The main lesson from the Figure is
that periods of high market volatility literally stand cut; they are easy to identify and to relate
to reported events. The figure also shows that by March of 1999, conditional volatility was
essentially down to pre-August 1998 levels. So even though conditional volatility is indeed
persistent, the persistence does not seem so large as to influence volatility much beyond the crisis
events, and whether one ends the exclusion period in February, March, or June of 1999 has no

impact on the results,

26The equation that is being estimated is a first order autoregression of first differences in the
EMBIG, allowing the error term to follow a GARCH(1,1) process. As expected, the conditional
variance is quite persistent: the coefficient on the ARCH term is about 0.3 and that on the
GARCH term is about (7. The results are very close if cne estimates the model without the
autoregressive term, and if one includes an ARCH-in means to term in the main equation.
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IV. EMPIRICAL ANALYSIS

A, Data

In our analysis, we use two different data sources for bond spreads: launch spreads contained

in Capital Data’s “Bondware” dataset and secondary-market spreads included in J.P. Morgan’s
Emerging Markets Global Bond Index (EMBI Global). Since both datasets have their strengths
and weaknesses, we use both of them in our empirical analysis in order to check the robustness of
our results.

The use of the EMBI Global dataset is more straightforward since it is a balanced panel of
secondary market spreads. While its predecessors (EMBI, EMBI+) have been used extensively in
the academic literature on emerging market bond spreads (Cline and Barnes, 1997, Zhang, 1999,
Lane and Phillips, 2000), the much broader—albeit sherter—EMBI Global does not appear to
have been used so far. It is made up of US-$ denominated sovereign or “quasi-sovereign™’ bonds
that satisfy certain criteria, guaranteeing, €.g., a sufficient liquidity of the bonds. Spreads are
available at daily frequency for 21 countries since January 1, 1998.%® The instruments in the index
are mainly Brady bonds and Eurobonds, but the index also contains a small number of traded
loans as well as local market instruments. The spread of a bond is calculated as the difference
between the bond’s yield and the yield of a US government bond with a comparable issue date and
maturity. A country’s bond spread is then calculated as a weighted average of the spreads of all
bonds, that satisfy the above-mentioned criteria, where the weighting is done according to market
capitalization. In the case of Brady bonds, “stripped” spreads are provided.

Capital Data’s “Bondware” dataset contains launch spreads of sovereign and public® foreign
currency bonds of 54 emerging countries. The spread of a bond is calculated as the difference
between the bond’s vield and the yield of a government bond of the country issuing the respective
currency with a similar issue date and maturity. In contrast to the EMBI Global, the Bondware
dataset does not include Brady bonds. Therefore, the two datasets are almost disjoint. The use of
the Bondware dataset is more complicated, since it contains primary spreads that are observed
only at the time of issue. Thus, this dataset is a highly unbalanced panel, which raises additicnal
econometric problems due to a potential selection bias {see Eichengreen and Mody, 2000).
However, “Bondware” has an important advantage over the EMBI Global dataset, namely its
much broader coverage of countries. This property is crucial since one of our tests (the variance
test) relies on asymptotic results in the cross-sectional dimension. The selection problem can be
tackled by estimating a standard Heckman correction model (see below).

On the right hand side of the regressions, we use a rich set of macroeconomic fundamentals that
have been compiled from a number of different sources (see Appendix for a complete list of the

4Quasi-sovereign” means that the bond is either guaranteed by a sovereign or that the sovereign
is the majority shareholder of the respective corporation.

A number of additional countries joined the database in later periods.

PPyblic means that the public ownership of the respective corporation is higher than 50%.
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variables and their sources). In choosing the set of right-hand-side variables, we tried to capture
the most important aspects of a country’s macroeconomic performance, using the fundamentals
that have been suggested in the literature on bond pricing.®® The economic variables can be
grouped into the following categories: Domestic econemic condition (real GDP growth, inflation,
fiscal balance, domestic credit growth), external sector (current account, external debt), and
international interest rates (US ten-ycar yicld and spreads on high-yield U.S. corporate bonds as
a liquidity proxy). In addition, we included political variables (political instability and viclence),
other country characteristics (regional dummies, economic size), and credit ratings.

In the literature on bond pricing, it has been suggested that it is suffictent to include credit
ratings to capture the macroeconomic performance of a country (Cantor and Packer, 1996,
Kamin and Kleist, 1999). This is contradicted by the fact that one usually finds a large number
of significant macroeconomic variables even when ratings are included. Conversely, the
inclusion of ratings has been shown to be crucial even when macroeconomic fundamentals are
included (Cantor and Packer, 1996, Eichengreen and Mody, 2000). We therefore include both
macroeconomic fundamentals and the rating information. We follow Eichengreen and Mody
(2000) in including not the ratings themselves, but rather a residual from a regression of the
ratings on all included macroeconomic fundamentals. This assumes that the correlation between
the included fundamentals and the ratings is entirely due to the fact that the ratings have been
calculated on the basis of these fundamentals, The residual impact of the ratings might be due to
cither other omitted macroeconomic fundamentals that are used in the calculation of ratings or to
the ratings themselves.

In the regressions based on the EMBI Global dataset, we use the whole range of right-hand-side
variables, while the regressions using the Bondware dataset use a much more parsimonious
specification to avoid the exclusion of too many countries from the dataset due to missing data on
the right hand side.

B. Spreads Before and After the Russian Crisis: A First Impression

Before we start our formal econometric analysis, it is useful to have a look at the raw bond spread
data. Figure 2 shows the evolution of daily bond spreads for the emerging market countries
contained in JP Morgan’s EMBI Global index (EMBIG).* The basic pattern is well-known: in
August 1998, virtually all spreads shot up, and their cross-sectional variance widened sharply.
By April of 1999, however, most of them—with the exceptions of Russia and Ecuador—seem to
have returned to their approximate pre-crisis levels, From Figure 2, it is thus not obvious that the
Russian crisis was followed by a permanent increase in the cross-sectional mean and variance

4E.g., Cline and Barnes (1997) and Eichengreen and Mody (2000).

31The graph shows the spreads for all countries for which data existed at the inception of the
index (i.e., since January of 1998), except for Nigeria, which is not used in our analysis due to
gaps in the right-hand-side data used for the regressions. The countries are: Argentina, Bulgaria,
Brazil, China, Colombia, Croatia, Ecuador, Kerea, Malaysia, Mexico, Moracco, Panama, Peru,
Philippines, Poland, Russia, South Africa, Thailand, Turkey, and Venezuela.
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of spreads. However, a much clearer impression emerges once Russia and Ecuador (which had
idiosyncratic difficulties in 1999 and 2000) are removed from the sample (Figure 3). Now, the
cross-sectional variance of spreads appears to be clearly larger in the post-crisis period and so
does the average level of spreads.

These impressions are confirmed by Table 1 (left column), which shows the cross-sectional mean
and standard deviation of spreads, based on monthly data, for the pre-crisis, crisis, and post-crisis
periods. Afier the crisis, the mean spread rises by about 100 basis points and the average standard
deviation approximately doubles (excluding Russia and Ecuador).

The evolution of launch spreads contained in the “Bondware” database is not as easily graphed,
since the data consist of single datapoints for each issue, rather than continuous country-specific
lines. Moreover, the selection problem makes the raw data more difficult to interpret. For
example, the average level of spreads after the Russian crisis is biased downward by the fact that
Russia drops out as an issuer. Nevertheless, after excluding Russia from the sample, the raw data
confirm the pattern suggested by the EMBIG spreads (right column of Table 1).** In particular,
both the cross-sectional average and the cross-sectional standard deviation of spreads remain at
substantially higher levels in the post-crisis period than prior to the Russian crisis.

The crucial question is now to what extent these changes are attributable to changes in
fundamentals, and whether these changes are statistically significant when controlling for changes
in fundamentals,

C. Tests Using Bondware Data
Econometric issues

As Eichengreen and Mody (2000) have pointed out, ordinary-least-squares estimates of the
relationship between launch bond spreads and fundamentals suffer from a selection bias: a
country’s spread is observed only when the country actually issues a bond. It is very likely that
the issue decision depends on factors that influence the level of the spread as well. For instance,
we might think that countries with extremely high (latent) spreads are excluded from the market
due to adverse selection issues.” Therefore, the observability of the spreads cannot be considered
as “random”, but it depends on the spreads themselves, which has to be taken into account in the
cconometric analysis.

We follow Eichengreen and Mody (2000} in solving this problem by estimating a standard sample
selection model in the spirit of Heckman (1979). Our econometric model thus consists of two
equations. The first equation is the spread equation

Si = X0 + i, (11)

32A graphical representation of the Bondware data is available from the authors upon request.

33This type of argument can be found in the model on credit rationing by Stiglitz and Weiss (1981).
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where s denotes the latent spread, which is unobserved. Instead, we do observe the actual spread,
s, according to the following observation rule:

8¢ = Sp if Zu>0
3z = notobserved if % <0, {12}

where 7 is another latent variable, which is also unobserved. The relationship between this latent
variable and the observed country characteristics is described by the selection cquation

Zy = Wiy + Vit (13)

However, instead of 7 we observe z and the corresponding observation rule can be written as

zg = 1 if 23>0
zg = 0 if Z <0, (14)

The variable 2 is a dummy variable indicating whether there was a bond issue in a certain

period or not. As usual, we assume that the two errors are jointly normal, with p dencting

the correlation between u and v. In our case, we would expect p to be negative. The matrix

W, = (wi;, wi,, .. wh,) includes all variables contained in the matrix X, and a number of

instruments needed for identification. In order to qualify as instruments, these variables must

affect the issue decision, but not the level of the spread (unless we want to rely on functional form

identification). We use four such variables in our selection equation:

e Debt issued in the form of bonds in the year preceding the observation divided by the debt
stock at the beginning of that period. This variable captures the effect that countries are less
likely to issue new bonds if they have issued large amounts of debt in the near past.

o The number of bond issues in the year preceding the observation, as a proxy for the degree of a
country’s issuing activities. A country that issued a large number of bonds in the past year is
more likely to issue a bond in the next month than a country that issued only one or two bonds

that year.

e The natural logarithm of per capita GDP in 1993, as a proxy for the economic development
of a country. A country with higher per capita GDP typically has a more developed financial
sector, increasing the probability of bond issues.

e A dummy variable that is equal to one for the five countries affected most by the Asian crisis.*
The idea is that the Asian countries might have been excluded from capital markets after the
Asian crisis regardless of their fundamentals.

The set of macroeconomic fundamentals in the spread equation was chosen such that we capture
the most relevant macroeconomic risk factors, while trying to retain a large number of countries.
As mentioned above, the wide coverage of countries i1s the strength of the Bondware dataset,
which is of particular importance for the variance test. Therefore, the right-hand side of the
regressions using launch spreads is somewhat more restricted than in the EMBI regressions to

34Thailand, Indonesia, Korea, Malaysia, Philippines.
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avoid an undue reduction in the number of countries included in the estimation. The estimation is
done by full maximum likelihood, which is preferable to Heckman'’s two-step procedure due to its
asymptotic efficiency.

Test results for the Russian crisis

Table 2 contains pre- and post-crisis regression results for the Russian crisis and the results from
the slope test described above. We show results for three different specifications, which are
inspired by the previous literature relating spreads to fundamentals. Model (1) is a specification
similar to the one found in the paper by Eichengreen and Mody (2000).% Models (2) and (3)
are variants of model (1), which drop the variable *External debt/GDP” because it turned out fo
have the “wrong” sign in model (1). Instead they include additional variables such as infiation,
the current account, a measure of political stability (*Political instability and violence™), and a
measure of the maturity structure of external debt (“Short-term debt/total debt”). Note that all
macroeconomic variables enter the regressions in a way that takes into account reporting lags.
This usually means using the first lag rather than the contemporaneous realization. In some cases,
we used moving averages to reflect the fact that past trends rather than the latest realization might
affcct investors; these are denoted as “MA” in the tables. For the reasons outlined above, we
excluded the time period between July 1998 and March 1999 from our regressions.

The upper panel of the table shows coefficients and p-values for the spread equation, based on
regressions which were run on a pooled pre- and post-crisis sample, with all variables in the main
equation being interacted with pre-and post-crisis dummies. For each model, the column “test for
equality” indicates the p-values of the tests whether the coefficients from the pre- and post-crisis
samples are significantly different from each other. Rejections at the 10 percent level are typed in
boldface if the change is in the direction predicted by H;. The lower panel of the table refers to
the estimation results for the selection equation. Only the coefficients of the four variables used
for identification are reported, while the other coefficients are suppressed because they are of little
interest. The coefficient p denotes the estimated correlation of the disturbance terms of the two
equations.

Looking first at the selection equation (lower panel}, we find that the variables “Number of
previous bond issues” and "GDP per capita (1993)” are highly significant and show the expected
signs, The maximum-likelihood procedure converged after only 2 or 3 iterations, which supports
our identification procedure. However, the coefficient p is not significantly different from zero.

*The main differences are as follows: We chose different instruments for the selection equation
because we consider our way of identification to be more credible. Moreover, we only use public
bonds, while Eichengreen and Mody also use private bonds, Finally, Eichengreen and Mody
estimate their model in semi-logarithmic form, with the spread (but not all of the right-hand-side
variables) expressed in logs. This makes little difference to the substance of our regression results,
but does not allow us to perform the variance test, since our model does not make any predictions
about the variance of log spreads. Thus our models are all estimated using spreads rather than log
spreads.
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This suggests that the selection problem is less severe in this sample than expected. Therefore, we
also ran the regressions without a Heclkiman correction. The results for the spread equation are
very similar and are thus not reported.*

The coefficients in the spread equations mostly show the expected signs and are generally highly
significant for the period after the crisis, while the same is not true for the period before the crisis.
This may be due to the relatively small number of observations in that period.*” The results from
the slope test lend some support to the moral-hazard hypothesis, but are not perfectly conclusive.
Almost all coefficients change in the direction predicted by f{;, but only some of these changes
are statistically significant. In particular, the null hypothesis of equal slopes can be rejected ata 10
percent significance level for the rating residual, inflation, and “Political instability and violence”,
For GDP growth, the null can be rejected in models (1) and (2), but not in model (3). The null
hypothesis cannot be rejected for the current account and the Brady dummy, and the results for
the debt variables are difficult to interpret due to their wrong signs.

Another interesting result concerns the coefficient of the US high-yield bond spread, which

1s positive, but insignificant in the period before the crisis, but becomes negative and highly
significant after the crisis. It has often been claimed that the evolution of spreads after the Russian
crisis can be explained by a general reluctance of investors to take risks, which would suggest

a positive correlation of high-yield bond spreads and emerging market spreads. Qur analysis
shows, however, that the partial correlation is negative after the crisis, once one controls for other
macroeconomic fundamentals. This contradicts the conventional wisdom.

Consider now the level test, which is particularly instructive in view of the somewhat ambiguous
results from the slope test (see Table 3). This test tells us whether the overall effect of the changes
in coeflicients observed in Table 2 is to increase spreads, as one would expect if the driving force
behind those changes were moral hazard. We performed the level test for each country, for each
month, and for all three models. Table 3 shows the number of significant increases and decreases
of fitted spreads for each country and model {out of a potential maximum of 27, which is the
number of months in our regression sample).

Table 3 contains several noteworthy findings. First, the overall evidence strongly supports the
notion that spreads increased significantly after the Russian crisis (controlling for fundamentals)
as predicted under the moral hazard hypothesis 7/;. There are many significant increases in fitted
spreads, while there are no significant decreases. Second, this finding does not apply equally to all
countries. Specifically, there exist eight countries for which we do not find a significant increase in
any of the three models. Interestingly, five of these are Asian countries which—with the exception

36In contrast, the coefficient p is negative and significant in the regressions on the Mexican and
Asian crises (ctf. Table Al).

3"The external debt variables (“External debt / total debt” and “Short-term debt / total debt”) often
show wrong signs, which might be due to a simultaneity problem, as foreign debt tends to flow to
countries with relatively good fundamentals and, hence, low spreads. This problem is familiar in
this type of bond spread regressions.
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of Malaysia—did not directly sufter a crisis during 1997-98. It might well be that these countries
experienced an overshooting of their spreads after the Asian crisis erupted. The normalization of
spreads after 1998 might mask any moral hazard effect. It should also be noted that the average
credit rating of countries without a significant increase (between A, A2 and A-, A3) was well
above the one of the remaining countries (BB+, Bal). The third noteworthy finding concerns the
level of the increase in fitted spreads. There is a strong and significant negative correlation (-0.62}
between the increase in spreads and the countries’ ratings. In other words, the increase in spreads
was higher in countries with worse ratings, which is in line with the moral hazard hypothesis.
Summing up, the results from Table 3 are consistent with the moral-hazard interpretation.

Finally, Table 4 presents the results of the variance test, which focuses on the implications of
moral hazard on the cross-sectional dispersion of spreads rather than the level of spreads for
each country. For each model and each time pericd, the table compares the variance of fitted
spreads using the coefficients from the model estimated on pre-crisis data, with the one based
on the model estimated on post-crisis data. The column “test for equality” shows the p-values
from the variance test, i.¢., it shows whether the two fitted variances are significantly different
from each other or not. The results are striking: no matter which peried is chosen to calculate
the fitted variances, the null hypothesis of equal variances is rejected at high confidence levels.
The post-crisis model always significantly overpredicts the pre-crisis variance, while the pre-crisis
model always significantly underpredicts the post-crisis variance. This constitutes strong evidence
for a stronger differentiation between countries after the Russian crisis, confirming the impression
one first obtains on the basis of the raw data. In combination with the results from the level test,
these results can be interpreted as strong evidence consistent with the moral-hazard hypothesis.
Not only do we find that the cross-sectional variance increases after the event, but we also find that
the increase in spreads is strongest for countries with weak fundamentals. Thus, there seems to be
a much stronger differentiation between “good” and “bad” countries following the Russian crisis.

Test results for the Mexican and Asian crises

We now discuss the results from applying our test procedures to the Mexican and Asian crises.
Appendix Tables 9 to 11 contain the results for the Eichengreen-Mody specification (model (1)
in Table 2).** These results are presented mainly to facilitate a comparison with the existing
literature, even though we do #of think that these two episodes constitute valid experiments for a
test of moral hazard. As in the previous subsection, the crisis period itself is excluded from the
regressions.

After the Mexican crisis, there is only one country-specific variable that shows a significant change
after the crisis, namely the Brady dummy (Table 9). Note, however, that the slope increases, while
the moral-hazard interpretation in this case would predict a decrease in the slopes. Fitted spreads
increase significantly for all but one country after the crisis (Table 10), which again contradicts

¥8The results for the Mexican and Asian crises proved to be less robust than the ones for the
Russian crises. The results for the alternative specifications are available from the authors upon

request.
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a moral-hazard interpretation. Finally, the cross-sectional variance of spreads increases, but

the increase is insignificant (Table 11).”* These results cannot easily be reconciled with a pure
moral-hazard interpretation. In fact, according to the moral-hazard hypothesis, the above effects
would have to go in the opposite direction of what is actually obscrved, at least if one believes
that the large Mexican bailout increased expected future crisis lending and thus moral hazard.”
Instead the results support the following interpretation: First, there seems to have been a general
reluctance to take risks after the crisis, as suggested by the combination of higher emerging
market bond spreads and the positive and significant coefficient of the US high-yicld bond spread
after the crisis. Second, there seems to have been a reassessment of risks after the crisis, leading
to a stronger discrimination against countries who had rescheduled their debt in earlier times,
which shows up in the increase in the Brady dummy and consequently in the increase in the fitted
spreads of the Brady countries. It is well possible that these two effects more than compensated
for an existing moral-hazard effect, so that the latter cannot be detected in the data.

After the Asian crisis, we would not expect to see any moral-hazard effects as the policies of
the official community with respect to the Asian countries were roughly in line with the strategy
employed in Mexico, so that this event did not contain new information with respect to future
international crisis lending. Therefore, it is not surprising that again we do not detect any moral
hazard in our three tests. In the slope test, there is only one country-specific variable that changes
significantly (GDP growth), but this change in sign cannot easily be interpreted because the
ceefficient changes its sign and is significant in both cases. In the level test, 20 out of 34 countries
experience significant increases in fitted spreads, and in the variance test, we cannot reject the
null hypothesis of equal variances. Strikingly, almost one half of the countries with increases in
fitted spreads are Asian countries. The highest increase is found in China, i.e., a country that was
not directly involved in the crisis, but that was widely regarded as vulnerable to contagion from
the Asian crisis countries at the time.* These results again support the interpretation that the
crisis led to a reassessment of risks, which in this case affected mainly the Asian countries, The
high positive coefficient on GDP (on a moving average basis) after the crisis might reflect the
overshooting of spreads in these countries, which had excellent growth records prior to the crisis.

In conclusion, neither the response of spreads to the Mexican crisis nor their response to the Asian
crises provide any evidence for a moral hazard effect. In the Mexican case any moral-hazard
effect may have been more than compensated by other opposing effects, while in the Asian case
we would not have expected to see a moral hazard effect in the first place. In both crises, we
find increases in fitted spreads. These seem to have been caused by reassessments of risks due
to the experiences made in the crises. In addition, investors seem to have been reluctant to take

39Note that our results go in the same directions as the ones found by Zhang (1999).

“0Some people have in fact argued that the large bailouts and the following controversial
discussions about moral hazard might have dampened expectations about future international
crisis lending (Willett, 1999).

*IThis result is robust to the choice of specification. In contrast, the implausibly high increase in
fitted spreads in Singapore disappears if one uses the other two model specifications.
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risks after the Mexican crisis.* There is no indication that investors generally differentiated more
strongly between “good” and “bad” countries as we have seen after the Russian crisis.

D. Tests Using EMBI Global Data

We now turn to the regressions and tests based on the 18 EMBI Global (EMBIG) countries of
Table 1 and Figure 3. Unlike the previous dataset, the EMBIG dataset constitutes a balanced
panel; thus, there is no selection issue.” As in the previous section, regressions are based on
monthly data, and the exclusion period runs from July 1998 until March 1999. Since the EMBIG
spread data starts in January of 1998, only tests for the Russian crisis can be performed with this
dataset.

Table 5 contains pre- and post-crisis regression results for three alternative models as well as the
results from the “slope” tests. The first two models are roughly analogous to models (1) and (2) of
Table 2, i.e., a model based on Eichengreen-Mody,* and a modification of that model that omits
the variable “External debt/GDP” and instead includes fiscal balance and the current account (we
also tried inflation together with or instead of the fiscal balance, but it did not have statistically
significant effects). Model (3) is a new model, selected through a general-to-specific procedure,
which attempts to make better use of our rich right-hand-side dataset than models (1) and (2).

The results from the slope test are again consistent with the moral hazard view, and stronger than
for the other data set (see Table 5). With the exception of the coefficient on “External Debt/GDP”,
which changes sign, all coefficients on country fundamentals in the simple “Eichengreen-Mody”
model behave as one would expect if Russian default reduced investor moral hazard. GDP growth,
the ratings residual, and the arrears dummy have significantly larger effects (in absolute terms)
after the crisis than before the crisis in all specifications. In model (2), two further variables, a
positive fiscal balance and a current account surplus, have significantly larger effects after the
crisis, as predicted under the moral-hazard hypothesis. In model (3), all coefficients but one
change in the expected direction, although the magnitude of the change is not always statistically
significant. The only coefficient that contradicts the moral hazard interpretation in this model is
the one on the Asian dummy. As argued in the previous section, this could reflect the recovery of
Asian debt prices between early 1998 and the 1999-2000, which may not be adequately controlled
for by the remaining right hand side variables and may swamp any moral hazard effect. Finally, it
is interesting to observe that in models (1) and (2) we again find a large drop in the coefficient on
the U.S. high yield corporate bond spread after the crisis, although it does not reverse sign as in
Table 2.

42The coeflicient on the US high-yield spread is also positive and very large after the Asian crisis,
but it is insignificant.

430ne might of course argue that the country selection into the EMBIG itself constitutes a selection
problem. This possibility is ignored here.

44This model is closer to the original Eichengreen-Mody model in that it includes a variable
capturing arrears (rather than the brady dummy as a proxy).
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Although less clear-cut than in Table 3, the results from the level test are also generally supportive
of the moral hazard interpretation (Table 6). Using any of the three models of Table 5, we now
obtain instances of both significant increases and significant decreases in spreads, controiling for
fundamentals; however, the increases far outnumber the decreases. Consistent with our findings
in Table 3, the group of countries that does nof provide clear-cut support for the hypothesis that
the Russian default led to a permanent increase in investor risk tend includes a number of Asian
countrigs, as well as Eastern European reformers such as Poland and Croatia. For most other
countrics, the results support the moral hazard interpretation.

Finally, consider Table 7, which presents the results of the variance test. This time, the results are
even stronger than in Table 4. All models estimated using pre-crisis data strongly underpredict
the post-crisis variance of fitted spreads, while the reverse 1s true for the models estimated

on post-crisis data, The difference between the two sets of fitted variances is always highly
significant. Thus, the variance test bears out the first impression obtained on the basis of the raw
data, namely, that the Russia-Brazil crisis period was associated with a structural break whose
overall effect was to significantly increase the cross-sectional variance of spreads, conditioning on
fundamentals.

Summing up, the results from the EMBIG dataset generally support the moral-hazard hypothesis
in that we find a stronger differentiation across countries that translates into a significant and very
robust increase in the cross-sectional variance of spreads. There is somewhat less evidence for
a general increase in the levels of spreads than based on the Bondware dataset. While spreads
increase in most countries (controlling for fundamentals}, they scem to move in the opposite
direction in a few cases.

E. Robustness

We have already seen that our main findings are robust with respect to both a number of variations
of the basic model used in the literature on emerging market bond spreads, and the use of two
alternative datasets with very different characteristics. We now examine robustness with respect to
several alternative estimation strategies, as discussed in section IIL.C. Since most of these involve
estimating dynamic models of bond spreads, they require time scries data and can thus not be
performed using primary issue spreads. For this reason, the robustness checks in this section are
performed using EMBIG secondary market datz only.

Using model (3) of Table 5 as our point of departure, we checked the robustness of our results

along the following dimensions:

e with respect to the choice of exclusion period: using either a different exclusion period which
extends the period excluded in the regressions so far by three months, or using no exclusion
period whatsoever;

¢ with respect to the estimation technique: assuming that the error follows a GARCH (1,1)
process in lieu of the robust OLS estimator used so far, or using panel GLS estimators
which explicitly assume serial correlation of the errors, correlation across country units, and
cross-country heteroskedasticity;
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¢ adding lagged dependent variables to the model;

o adding the composite EMBIG, i.e., the average level of spreads, as a control.

This resulted in estimating the baseline moedel in 36 variants (3 estimation techniques, times 3
exclusion strategies, times two alternatives regarding the inclusion of lagged dependent variables,
times two alternatives regarding the inclusion of the EMBIG as a control),* Of these, the GLS
variants are not worth showing since they turned out to be very close to the results using robust
OLS estimation, except that the standard errors are slightly narrower and consequently the test
results are slightly stronger. Similarly, extending the exclusion period by three months made
virtually no difference except for a slight loss in the precision of the estimates. Finally, the
specifications that used both lagged dependent variables and the EMBIG as a control turned out
to produce very similar results as the ones that only use lagged dependent variables as a control.
One of the two sets can thus be dropped. This leaves us with just 12 models, 6 of which are
estimated for the original exclusion period and another 6 without any exclusion period.

For these 12 models, the results from our three tests are summarized in Table 8. The “slope test”
is summarized in the central column by simply listing the variables from model (3) in Table 5, out
of a maximum of eight or nine,* for which the test rejects the null hypothesis of no moral hazard.
The “level test” is summarized by classifying the countries appearing in Table 6 in three groups:
countries where bond spreads are unambiguously higher after the crisis (these are countries which
in Table 6 would show only significant increases), countries showing only decreases, and countries
with mixed results, i.e., where the test goes one way or the other depending on which period is
used (in Table 6, these would be countries with positive entries in both columns). Finally, the
column “variance test” gives the number of periods in which the equality of variances is rejected
in the direction consistent with the moral hazard hypothesis. Note that the line for model (1)
simply reproduces the results from model (3) in Tables 5, 6 and 7.

The main results are as follows. First, everything else cqual, estimating the model without

an exclusion period tends to strengthen the results (compare models (1) and (2) with their
counterparts (7) and (8), respectively). This is attributable to the much higher level and
cross-sectional variance of spreads during the crisis period, as is apparent in the raw data. It was
for this reason that we excluded this period in the baseline regression. Second, estimating the
model using a GARCH(1,1) process in the errors tends to slightly weaken the results, in the sense
that we have less rejections in the slope and level tests, but leaves the main findings unchanged.
Indeed, the results scem less sensitive to the estimation approach than to the choice of basic
model in Table 5. Third, the main results from both the slope and the variance test are unchanged
when we add the EMBIG composite as a control, i.e., when we give up on modeling the average
dynamic of spreads and instead concentrate on deviations from that average. Fourth, the main

45 Actually, we cstimated a somewhat larger number of models since we tried several alternative
feasible GLS estimators.

*Depending on whether one counts the variable “political instability and violence”, which is
always insignificant and could have been dropped from the model.
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results survive (although weakened) even when we include both lagged dependent variables
and the EMBI composite into the model, except in the case where we additionally assume that
the errors follow a GARCH process. At that point, we really seem to be stretching what can
be estimated based on our short time series, and the tests no longer reject, mainly because the
cocfficients on the fundamentals are estimated too imprecisely. But it takes the combination of
two lagged dependent variables and GARCH errors to get to that point,

V. CONCLUSIONS

This paper developed and implemented a set of statistical tests to detect whether international
crisis lending reduces the risk borne by emerging market debt holders. We applicd these test to the
events surrounding the Russian crisis of 1998, which was widely interpreted as signaling a greater
reluctance of the international community to engage in large-scale lending.

We obtained three main findings. First, the events during the second half of 1998 generally
made spreads more sensitive to country fundamentals. The absolute value of the coefficients

in a regression of spreads on country fundamentals tends to increase, often significantly se.
Second, for most countries, there was an increase in the levels of emerging markets bond spreads,
controlling for changes in fundamentals. The exception are some countrics with traditionaily
stronger fundamentals, which experienced constant and in a few cases decreasing spreads. Third,
the events during the crisis period had a large positive cffect on the cross-sectional variance of
spreads. This increase is attributable to larger differences between the spreads of high-spread and
low-spread countries. Thus, after the Russian crisis, investors seem to have paid much greater
attention to differences in the countries’ risk characteristics.

In the context of our simple model of international lending, these findings can be interpreted

as evidence for the existence of moral hazard. However, this relies on the assumption that
international crisis lending does not reduce true economic risk, by making crises less likely, or
less deep when they do occur. Without this assumption, our tests tell us only that the presence
of an International financial safety net—-for better or for worse—had significant risk-reducing
effects from an investor standpoint. Thercfore, cur findings should be interpreted as confirming a
necessary, but not suflicient condition for the presence of investor moral hazard.

Another potential caveat concerns the role of the Russian crisis, which we have interpreted in
terms of the official sector’s willingness to avert large defaults. Alternatively, one might argue
that Russia’s default drew investors’ attention to the possibility of default in other emerging
markets, leading to higher spreads in countries with weak fundamentals and larger cross-sectional
differentiation of spreads across countries (the “wake up call” interpretation). However, this
argument is convincing only if the Russian default conveyed some new information about
emerging market risk. One can easily think of such “lessons™ with regard to the earlier two crises
of the 1990s: the possibility of self-fulfilling runs at the international level, “crony capitalism”, or
vulnerabilities duc to currency mismatches. In contrast, the Russian default and currency collapse
were driven by a relatively traditional fiscal crisis which had been looming for some time. It
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does not seem to have conveyed new information about emerging market crises other than that
the willingness of international official lenders to support an insolvent country—even one widely
considered “too big to fail”—was evidently more limited than had been previously assumed.

It still remains to be explained why our findings do not show a uniform increase in emerging
market bond spreads, but instead a heterogeneous reaction, depending on the strength of country
fundamentals. One plausible interpretation is that investors did not revise their expectations about
future crisis lending uniformly for all countries, but that these revisions were undertaken only for
countries likely to run into solvency problems. After all, the events during the summer and fall of
1998, when a major lending package to Brazil followed on the heels of the Russian “non-bailout”,
did not suggest a general unwillingness of the international community to lend to countries in
trouble. Instead, they showed a reluctance to rescue an insolvent country with a poor recent track
record of reform and no sign of improvement. This can explain why spreads did not rise across
the board. The observation that some spreads actually fel/ can be explained in several ways. The
continued recovery in Asia and the consequent fall in Asian spreads may have been driven by a
return in confidence that is not fully picked up by our fundamentals. The fact that investors “got
out” of countries with weak fundamentals after the Russian crisis may have benefitted those with
relatively strong fundamentals.”” Moreover, the decision of the U.S. Congress to approve the U.S.
coniribution to the IMF quota increase in October of 1998 may have led to a perception that the
Fund was now generally better equipped to deal with emerging market crises. Everything ¢lse
equal, this would have reduced emerging market spreads everywhere. In combination with the
signal imparted by the Russian crisis, the effect might have shown only for countries with strong
fundamentals.

Finally, one has to be careful in drawing policy conclusions from our results. Even if we accept
the existence of moral hazard, this does not mean that international rescues should not take place
at all. The trade-off between providing insurance and maintaining “good” incentives is a universal
feature of measures that reduce risk, from explicit insurance contracts to public safety measures.
To make a judgement about the right extent of the international financial safety net, one must
compare its incentives costs and insurance benefits, rather than just prove the existence of moral
hazard. This said, advocates of large-scale crisis lending sometimes make their case by arguing
that there is no evidence that the anticipation of large-scale crisis lending has substantially reduced
perceived investor risk,*® In view of the results of this paper, we believe that it will be much more
difficult to take this position in the future.

47This argument requires some degree of segmentation between emerging and advanced capital
markets, so that funds withdrawn from one emerging market countries have an effect on emerging
market liquidity elsewhere.

BSee, for example, Cline (2000).
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THE VARIANCE TEST

The variance test is used to test the equality of variances before and after an event, controlling for
fundamentals. The null hypothesis can be writlen as

Hy: "Var(X)8" — 8¥Var(X)6° =0, (A-1)

which is a nonlinear function of the parameter vector ( ) ThlS function will be named f(3°, 3")

in the following. In order to find the distribution of f (p‘ ,,6 ) we approximate it by the Delta
method around the true parameter values:

7B ~ 5, 8 + 2L - 50”% (B -8Y (A-2)

jé]
Since { fj‘o, Bl) are jointly normal under the null (at least asymptotically), the abave expression is

. . . L 20 1 . .
also normal since it is a linear combination of (3,5 ). The variance of the expression can be
easily calculated, leading to the following Wald test statistic:

W= (3,8 16veT ™ #8031 % ¥2(1) under Hy, (A-3)
where
G - (% 822) (A-4)
88 0B
I
V =Var ( 51 ) , (A-5)

20 21 ) ) . .
and (3, 3") the estimators from the pooled model, allowing for different coefficients before and
afier the event. In order to account for heteroskedastic errors, one should use robust standard
errors in the regressions.
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PROOFS FOR THE PROPOSITIONS IN SUBSECTION I1.B

Proposmonl Holding constant the set of fundamentals X = (zi,z},..2%), equation (3)
implies rhaz > 0 if and only y‘% < 0 for any country i.

Proof. Defining the default probability as p (z,0) = [1 — A (b}} - 8(z) and omitting subscripts, we
can write the spread as
e D016 plxb)
1 [1— ()] - 6(x) 1—p(x,0)
Hence, the spread depends negatively on the default probability . Holding constant fundamentals,
the derivative of s with respect to b is

s

O
@ A pm R

RSN 8 8
This implies that 57 < 0 < 4 > 0, q.e.d.
Proposition 2 Holding consranz zhe set of fundamentals X = (z),zh,..20), equation (3)
implies that g;\ > 0 ifand only if 225 Be Bb < 0 for any country i and any country-specific fundamental

Tij-

Proof. Starting again from the spread equation (3), we find (omitting the country subscripts)

?s . oa) [L+pxb)]- g
obdz; Jb - p(x, b)]i
2{x
Since 420 > 0, e <0 & 5 >0,qed
Proposition 3 Holding constant the set of fundamentals X = (xi,2},..2%), equation (3)

implies that ‘32 > 0 if and only if =5 BAS < 0 for any two countries m and n,m # n, for which
we can approximate As = §p, — Sp by a first-order Taylor expansion.
Proof. Write s as a function of x and b

3; = 8 (x4, )

and define As = s, — s, (the same notation will be used for first differences of other variables).
Assume {without [oss of generality) that As > (.

Approximate the spread of country m by

d b
Sm—-sn+z Sd};n’ )

7



-34- APPENDIX I}

The derivative in the sum is (omitting the country subscripts)

ds (x,0) , (A=A dﬁi’f)

dz, 7 L= p(x,0)]2

Plugging in this expression, we find

" dix;
S D ey e
ot, rewriting
Ko (1 A(b) B
o ® i U [ . . -
A e AT T e O @D

j=1

From As > 0 it follows that
A8 >0 (A-2)

We are interested in the partial derivative of expression (A-1) with respect to b:

d9hs Zaexm

o Do, 00 i
_ o = TCRUNS
B [l—,u,(xb Zl{ dz; } B
R A (b
BT az(;)'[”“("’bn'm

Now the proof is easily completed. From A& > 0 it follows directly that 3{%3 < 0 @ 2 [,
q.e.d.

So far, we have assumed that the recovery rate A does not depend on the fundamentals z. We will
show now that the proofs of all three propositions still go through if A depends on z as long as
two regularity conditions are satisfied. First, we assume that an increase in b affects the expected
recovery rate—1.e., generates investor moral hazard—uniformly across countries:

o2A
62736#5 N

(A-3)
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The second condition will be introduced below. The proof of proposition 1 is remains unchanged
and is omitted. The cross-derivative needed for proposition 2 contains an additional term:

&s . OA(xb) [T+ e (x,8)] - %:{‘l — 2[0(x)]? - %%,_@
365‘:8; B ob [l — i (X, b)]g .

Since i@ > () and —iﬁl < 0, we still find that 5?; <0 & 250 qged.

The proof of proposition 3 is a little more involved. Again we approximate the spread of country
m by

ds (X, b)
Sm 22 $n + Z i,

The derivative in the sum is (omitting the country subscripts)

i) (M) g
dz; =it [L— (% b)2

Therefore, the approximated spread can be written as
(1A (x,B)) - 550 — 00x) - S22

Ng = dr; ) )
S = pxb)P A% (B
A A= O(x) - AN A-S
T EepGenp T S ()
From As > 0 it follows that
(1—A(x,0)-A8—6{(z) - AA>0 (A-6)
The partial derivative of this expression with respect to b is
OAs b A (x,b) — { do(x) , dA(x,b)
~ o ~ . [1+ p(x,b) - = 2[0(x)]* - - Az
Ob 1 u(x, b)) db JZI dz, o)) dz; g
R* O (x,b)

= - . A1+ p(x, D)) - A6 —2[8(x)] - AA
The proof is easily completed if we assume the following regularity condition:
As>0= AF>0 (A-7)

This condition guarantees that it is the cross-country differences in crisis probabilities rather than
in conditional repayment probabilities that determines the ranking of country spreads. Hence, it
rules out the case that the country with the higher spread has a lower probability of a crisis. We
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will show later that this assumption is stronger than what we need for our argument.

Under this assumption, the proof is straightforward. From condition (A-7) we know that A8 > 0.
We have to distinguish two cases according to whether AJ is positive or negative,

If AX < 0%, we see immediately that [1 + p (x, 8)] - A8 — 2[6{z)]* - AX > 0, from which we get

that 22¢ < 0 & £ > 0.

If AX > 0, condition (A-6) ensures that [1 + x (x, 8)] - A8 — 2[0(z}]* - AX > 0 because

A0 6 2
ANTT-NTTER

(A-8)

In the case where Af < 0, we have to make sure that Af is not “too large” in absolute terms
compared to AA. This can be guaranteed by the following condition:

A9< 26*
AN 1+4+p

(A-9)

This condition rules out the (pathological) case where the country with the higher spread has
a much smaller crisis probability, but also a much smaller repayment probability than another
country. This completes our proof.

BIF AG = 0, this is the only relevant case.
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Table 3. Launch Spread Data: Summary Results for "Levels Test” (Russia Crisis)

Bichengrean-Mody: Alternative model A Alternative model B:
Rejections Indicating, ... Rejections Indicating ... Rejections Indicating ...

Significant  Significant Significant  Significant Significant  Significant
increase of  decline of increase of  decline of increase of  decline of
spreads 1/ spreads 2/ spreads 1/ spreads 2/ gpreads 1/ spreads 3/

Argentina & )
Brazil

Bulgazia

Chile

China
Colombiz
Costa Rica
Croatia

Cyprus

Czech Republic
Dominican Republic
Ecuador

Ligypt

El Salvador
Estonia
Guatemela
Hong Xong SAR
Hungary

India

[ndanesia

Tarael

Jarmaica

Jordan
Kazakhstan
Korea

Latvia

Lebanon
Lithuania
Malaysia

Malta

Mauritius
Mexico
Morocco

Oman

Pakistan
Panama

Peru
Philippines
Poland
Romania

Saudi Arabia -
Singapore
Slovak Republic
Slovenia

South Africa
Taiwan Provinee of China
Thailand
Tunisia

Turkey
Uruguay
Venezucla

oocooc:oooocooooooooDocoo::occcooooooocoococcoocoo

U\O\O\U\O\DO\OO‘\OU\Q\—O\CJC)GNG\U\U\E‘\NOC\C\O\NG\O\G\DQ\NO\OO\MG\C‘\D\D\MN»—-mO'\OD:J\U\O\
[=3

CJ'\C?\E’\Q’\O’\OC\P—‘UIOC\O\MG\C*-‘D\%U\C\#GQU\Q\C\—O\U\CHOCJ\-EmOmQ\C\Q\O\lAC\CNU\O\COU\Q\O\
DOCDOODGOOCDCJCJDGDQC}ICQDCCJCJCJODODDOOCSOOOODOGDODOSDDDD

6 0
6 1]
0 0
0 )
3 0
] 0
3 0
[v] 1+
1 0
G 0
[ 0
1 q
6 0
1 0
1 0
0 0
[ Q
4 it
6 0
0 0
a 1]
6 0
6 Q
2 0
6 0
5 0
4] 0
0 Q
0 4]
2 [
6 0
6 0
5 0
& 0
2 1]
0 a
6 a
3 0
] 0
L a
0 Q
5 [H
0 0
4 0
0 0
5 Q
6 9}
f 0
1 0
G 0

=

Sum rejections 215 a 215 0 181 0

Nurnber countries 41 o a1 0 a0 0
showing rejection
Total number of countries 51 51 51

1/ No. of periods in which fitted spread based on post-crisis model is significantly higher than fitted spread based on pre-
crisis model {potential meximum per country: 27, significance level 5%).

2/ No. of periods in which fitied spread based on post-crisis madel is significantly Jower than fitied spread based on pre-
crisis model (potential maximum per country: 27, significance level 5%).
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Table §. Lannch Spread Data: Estimation Results Before and After Mexican and Asian Crises,
and "Slope Test" 1/

{1} Mexican Crisis (2) Asian Crisis
Test for Test for
before crisis 2/ afler crisis 3/ equality pefore crisis 4/ after crisig 5/ equality
Variablc Coef. p Cocf. P P 6/ Coef. P Coef. P p &
Constant 2182 0.27 3051 001 0.71 429.6 0.00 -11800.6 @13 .11
Real grawth OVA) -15.15  0.00 -11.50  0.40 045 -13.22 000 4503  0.00 0.00
External debt/GDP -0.01 086 -0.10  0.09 .41 012 020 .86  0.28 0.35
Brady dummy 70.37 Q.03 152.57 0.00 0.02 115.64 0.00 6431 623 0.35
Rating (residual) 2547 0.00 2448 0.00 0.84 2646 0.00 -34.67  0.00 0.25
US 10-year yield 2,89 0.82 -50.11  0.00 .01 -56.34  0.00 1756.61 0.12 G.1i
US high-yield bend spread -0.67 0.98 5712 0.00 8.5 53.40 0.01 69295 .17 0.21
F test(p) 0.00 0.06
Observations in subsample 253 375 512 204
Ohservations with bond data 46 175 140 24
Number of countries 7/ 23 23 34 34
Selection equation &/ Coef. r Coef. P
Debt issued in preceding year -2.07 0.03 -1.28 0.i6
Number of previous bond issues 0.12 0.00 0.11 0.00
GDP per capita (1993) -0.06 0.62 .04 0.79
rho -0.25 a.10 -0.60 0.00

1/ Using model (1) of Table 2 in both cases. Regression (1) is based on the sample 1994:01 - 1997:06, regression {2) on the sample 19%46:01 -
1998:06. All estimations use robust standard errors.

2/19%4:01 - 1594:11

3/1995:06 - 1997:06

4/ 1996:01 - 1997:06

5/1998:01 - 1998:06

&/ p vaiues based on two-sided tests.

7/ Sarmaple in model (1): Argentina, Brazil, Chile, China, Colombia, Cyprus, Hong Kong SAR, Hungary, India, Indonesia, Israel,

Korea, Malaysia, Malta, Mexico, the Philippines, Singapore, Tajwan Provinee of China, Taziland, Trinidad and Tobago, Turksy, Uruguay, and
Venezuela. Sample in model (2): Argentina, Brazil, Chile, China, Colembia, Cyprus, the Czech Republic, Hong Kong, Hungary, India, Indonesia,
Israel, Jordan, Korea, Malaysia, Malta, Mauritius, Mexicu, Pakistan, Peru, Philippines, Poland, Romania, Saudi Arabia, Singapore, the Slovak
Republic, South Africa, Taiwan, Thailand, Trinidad and Tudago, Tunisia, Turkey, Urnguay, and Venezuela,

8/ Reports only coefficients for instmments and correlation coefficient of disturbance terms of the two equations (tho).
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Table 10. Launch Spread Data: Summary Results for "Levels Test," Mexican and Asian Crises

Mexican Crisls Asgian Crisis
Rejections Indicating ... Average Rejections Indicating ... Average
significant significant Change m significant  significant Change in
increase of decline of  bp {only increase of  decline of  bp {only

spreads 1/ spreads 2/ significant) 3/  spreads 1/ spreads 2/ significant) 3/

Argentina 10 0 152 0 0

Brazil 10 0 137 0 0
Chile 4 0 105 ] 4] 290
China 5 0 108 11 4 1206
Calombia 2 0 109 2 0 139
Cyprus 3 0 102 0 G

Czech Republic 0 0

Hong Keng SAR 1 0 101 0 0

Hungary 0 0 0 0
India 2 0 108 ] 0 253
Indonesia 3 0 1Cé 6 0 310
Israel 3 0 105 4 ] 162
Jordan 0 0
Korea 4 4] 108 ] G 288
Malaysia 5 0 105 6 0 364
Malta 3 0 103 2 0 140
Mayritius 4 0 155
Mexico 9 0 150 ] 0
Pakistan 2 0 139
Peru & 0 266
Philippines 10 0 138 0 0 .
Poland 4 0 183
Romanta g 0

Saudi Arabia 0 0
Singapore 1 0 112 1 0 962
Slovak Republic 5 0 216
South Affica 0 0
Taiwan Province of China 3 0 115 3 0 200
Thailand a 104 5 0 176
Trinidad and Tobago 1 0 111 2 0 108
Tunisia 4 0 131
Turkey 3 0 104 3 0 158
Uruguay 10 ] 147 0 g

Venezuela, 10 0 150 0 0

Sum rejections 107 g 90 0
No. countries showing rejection 22 0 20 ¢

Total number of countries 23 34

1/ Periods in which fitted spread based on post-crisis model is significantly igher than fitted
spread based on pre-crisis model.

2/ Periods in which fitted spread based on post-crisis model is significantly /ower than fitted
spread based on pre-crisis model. _

3/ Estimated average increase or decrease of spreads in basis points for all significant
increases/decreases.
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Table 11. Launch Spread Data: Cross-Sectional Variances of Fitted Spreads Before
and After Mexican and Asian Crises, and Results for "Variance Test”

(1) Mexican Crisis

(2) Asian Crisis

Fitted variance using Test for Fitted variance using Test for
coefficients estimated ... equality coefficients estimated ... equality
before after before after

Quarter crisis 1/ crisis 2/ (rY 3  ocrisis 1Y crisis 2/ {r) 3/
1964:01 6947 10654 0.089
1994:02 6917 16613 0.089
1994:03 6575 10339 0.072
1994:04 6939 16655 0.080
1994:05 7642 10795 0.093
1994:06 7258 10958 0108
1694:07 7342 11108 0.104
1994.08 7342 11108 0.104
1994:09 7342 11108 0.104
1994:10 7342 11108 6.104
1994:11 7186 10504 G.101
1995.06 7759 11540 0.118
1995:07 7659 11397 0116
1995:08 765% 11397 0.1i6
1995:09 7615 11385 a.1il
1995:10 7425 11287 6.095
1995:11 7468 11343 0.095
1995:12 7521 11412 0.095
1996:01 T4 11591 0.115 9165 27584 0.215
1596:02 7658 11495 0.110 9038 27210 0.219
1596:03 7658 11495 G.1Ig 2038 27210 0.219
1996:04 7658 11453 0.110 8965 27497 0.2i2
1996:05 7739 11556 0.111 9047 27607 0.212
1996:08 7739 11556 0.111 9047 27607 0.2i2
19986:07 7739 115%6 0111 9047 27607 0.212
1996:08 7739 115%6 0111 9047 27607 0.212
1996:05 7739 11556 0.111 8961 27285 0.214
1996:10 7668 11566 0104 8937 27462 0.211
1994:11 7668 115686 0.104 9028 27644 0.210
1996:12 7759 11660 0.107 5097 27948 0.206
1997:01 7659 11712 0.091 2090 22348 0.237
1697:02 7587 11577 0.093 3028 22348 0.235
1997:03 7749 11701 0.162 9122 22506 0.233
1997:04 7428 11250 0.101 B851 22492 0.223
1997:05 7412 11218 0.103 BR80 22321 0.231
1997:06 7154 10829 0.109 8705 22703 0.216
1998:01 8723 21138 0.243
1998:02 8682 20492 0.259
1998:03 8601 20544 0.251
1998:04 8494 20678 0.244
1998:05 8759 21234 0.237
1998:06 8538 21748 G.230

1/ Regression coetticients cstimated on the basis of preerisis data (see Table Al),
2/ Regression coefficients estimated on the basis of posterisis data {sce Table Al).
3/ p values based on two-sided tests.
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Table 12. List of Variables

(Bondware)

Variable Name | Variable Description Unit Frequency | Source ]
Arrears dummy | = | if Arrears/total debt > 5% in any of the past Dummy A GDF
3 years
Asig dummy =1 if country is in Asia Dummy Own calculations
Brady dumimy = 1 if Brady debt > O at some point Dummy BIS
Current account | Current account / GDP, lagged, Percent A IFS
: MA refers to 4-year moving average
Debt issued in Total amount of bonds issued in the past 4 Million USD Q BIS (locational),
preceding year quarters/ total debt at the beginning of the first Bondware
quarter
Dummy for =1 if Asian erisis country (Thailand, Indonesia, Dummy Own calculations
Asian crisis Korea, Malaysia, Philippines)
gountries
External External debt / GDP, lagged Percent A BIS, IFS
debt/GDP
Fiscal balance Fiscal bajance / GDP, lagged Percent A iF3
GDIP per capita | Logarithm of PPF adjusted GDP per capita in GDP in USD WEQ
{1993} 1993
! High yield Yield of Mezrill Lynch JOAD index {US high- percent per anmim M Bloamberg
vield corporations with below investment grade
rating), end of month (EMBIG) or monthly
average (Bondware)
Infiation Consumer price inflation, lagged Percent M IES
Latin dummy = | if Western Hemisphere Dumniy Own caleulations
LIBOR LIBOR, monthly average (EMBIG) or end of Percent IFS, Bloomberg
month (Bondware)
Number of Number of bond issues in the past year Bondware
previous bond
ISSUES
Palitical “Instability and violence” in 1997 Index, -2.5 (very World Bank
instability and unstable), 2.5 Governance
violence (very stable) Database
Rating = gverage of available ratings ar only available Index (1= Standard and
rating Caa3/CCC-, 19= Poor’s, Moody's
Aan/AAA)
Rating (resi¢ual) | Residual from regression of ratmgs on Own calculaticns
fundamentals (cf. ratings)
Real credit Real domestic credit growth, lagged, Percent M IFs
growth MA refers 1o 4-year moving average
Real growth Real GDF growth, fagped, Pergent A IFS
MA refers to 4-year moving average
Short-term Short-term debt / total debt, lagged Percent SA BIS
Debt/Total Debt (consolidated)
Size Log of nominal GDP in USY in 1993 GDP in US§- A iFS
U.S. high-yield [ = High yield — LIBOR percent per annum M Bloomberg
bond spread
U.S. 10-year Yieid of 10-year US government bonds, end of | percent per annum M IFS, Bloomberg
yield month (EMBIG) or monthly average

Notes: BIS = Bank for International Settlements
GDF = Global Development Finance (World Bank})
[FS = International Financial Statistics (IMF)
INS = [nformation Notice System (IMF)
WEQ = World Economic Outlook Database (IMF)
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