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Early-Warning Systems in Light of the International Debt Crisis• 

By Torsten Amelung•• and Thorsten Mehltretter••• 

1. Introduction 

The recent debt crisis came as a shock for many lenders. This points to the 
fact that efficent early-warning systems are either non-existent or not in 
widespread use. 

Since most early-warning systems to our knowledge were designed in the 
seventies, it is necessary to give renewed attention to their performance in 
the eighties. lt is the object of this paper to assess the various types of models 
tobe found in the literature with respect to their predictive power during the 
recent debt crisis. In addition to an overview of the early-warning systems 
used, the paper presents two such models, which were applied for the period 
of 1978 to 1983 based on the data for 12 developing countries. 

2. uTraditional" Country Evaluation Systems As Early-W arning Devices 

a) An Overview 

The term "early-warning system" is usually applied to country evaluation 
systems attempting to use a forward-looking approach in the assessment of a 
country's debt servicing capacity rather than merely reflecting its past 
performance in this respect. Since these systems usually tend to make use of 
sophisticated statistical techniques, it is useful to first briefly look at the 
"traditional" country evaluation systems and discuss why they were gene­
rally considered unsuitable to serve as early-warning devices. 

• This paper is a revised version of a pre liminary draft presented at a conference 
(Febr. t 2-14, 1986) during the Advanced Studies Program in International Economic 
Policy Research at the Kie l Institute of World Economics. 

• • Kiel Institute of World Economics 
·•· Gießen University. We would like to thank Peter NunnenJcamp and Harrnen 

Lehment for helpful comments. Any opinions expressed are those of the authors and 
not those of the Kiel Institute of World Economics. 
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Country evaluation systems can roughly be divided into qualitative and 
quantitative systems. A qualitative system consists of a report that takes into 
account a countris economic, political, and social conditions and pro­
spects 1. These reports differ in f ormat and structure. They do not necessarily 
result in a final rating of the country in question. An advantage of this system 
is its fiexibility and the ability to go beyond a superficial comparison of a 
group of indicators. Due attention can be given to a country's specific 
situation and unique problems. The political stability of a country, for 
instance, can be evaluated much more thoroughly. The analyst also has the 
freedom to elaborate on the various policies of the government to point out 
possible inconsistencies that may have an infiuence on the development and 
the stability of the country. 

This approach does not, however, lend itself to cross-country comparisons 
unless each report adheres to a strict format. The reports also tend to be 
highly subjective and overly retrospective in nature. 

Qualitative systems therefore do not seem tobe recommendable as early­
warning devices. Any prediction as to the occurrence or non-occurrence of a 
debt problem in a particular country for a certain time period is based 
primarily on the judgement of the analyst and does not follow systematically 
out of the evaluation system. In conjunction with a more rigorously standar­
dized evaluation system, however, the strictly qualitative approach may 
prove tobe quite useful. 

Quantitative systems try to overcome the problem of subjectivity by 
relying on a set of indicators, that are chosen with respect to the risks 
involved in international lending and will be condensed into an overall score 
for the country in question to measure the potential risk of default. One can 
also use the indicators as the basis for a country ranking system where each 
country is assigned a position on an ordinal risk scale. The "Institutional 
Investor", for instance, publishes a country ranking list based on the informa­
tion provided by international banks that use their individual evaluation 
system to rate the countries on a sca.le of O (very risky) to 10 (no risk). The 
scores of each bank are then weighted according to their relative importance 
in international banking as determined, for instance, by the size of their 
intemationa_I portfolio2

. This is going on the assumption that bigger banks 
pass better 1udgement on country risk. lt is noteworthy that Mexico was 
ranked No. 29 out of 105 countries in March of 1982, shortly before the 
outbreak of the crisis in the summer of 19823. 

1 See Blask ( 1978), p. 66. 
2 See Kramer ( 1981 ), p. 150. 
3 See "Institutional Investor" as reported in Frankfu t All · z · J 

19, 1982, p. 15. r er gememe e1tung, une 
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Some of these so-called "checklist" or IJscoring" systems are very elabo­
rate, using indicators of political risk, for instance, which is clearly very 
difficult to measUJe. In one such model 4 the country ana)yst must rate the 
Hkelihood of war or takeover by extremist governments within a certain time 
horizon on a scale of O to 10. Although such systems may be quite extensive 
and very rigid in structure, the above example demonstrates that the quanti­
tative approach may still leave great scope for subjectivity within the analy­
sis. 

In the following we will present an early-warning model developed by 
PetersenS, which takes into account the potential shortcomings mentioned 
above but stays away from econometric "high-tech", setting it apart from 
most of the other early-waming systems. Petersen's model will be tested in 
light of the recent debt crisis. The section thereafter will deal with the 
statistically more sophisticated early-waming systems. One such model will 
be tested and compared with that of Petersen . 

b) The Petersen model 

Petersen's objective was to develop a "pragmatic" early-warning system. 
There should be very few indicators used, that can be easily brought up to 
date, and the statistical techniques applied to evaluate the indicators were to 
be uncomplicated. Therefore the model uses only 7 indicators, all of which 
can easily be calculated on the basis of data provided in publications of the 
IMF and the W orld Bank. The analyst1 therefore, cannot pass any marks 
according to his judgement. Since Petersen used the syslem to investigate 
the period of 1960-76, we took the data of 12 counlries (namely Argentina, 
Brazil, Chile, Egypt, India, lndonesia, Israel, Korea, Mexico, Nigeria, Peru, 
and Venezuela) from 1978-83 to analyze how it performed during the recent 
debt crisis. The countries were selected so as to include some of the major 
debtor countries and at the same time strike a balance between rescheduling 
and non-rescheduling cases. This is to lest whether the model gives signals 
pointing to an upcoming crisis when, in fact, it does not occur. Several of the 
countries selected are different from those included by Petersen to get a 
better impression of the model's out-of-sample performance. The results of 
our test will later be compared to those derived from a more sophisticated 
model using the logit analysis technique. 

Petersen examined 41 indicators with respect to data availability for the 
countries analyzed (Argentina, Brazil, Chile, Ghana, India, Indonesia, Khmer 
Rep., Pakistan, Peru, Turkey, and Zaire), that he considered "classical" debtor 

~ See for example Nagy (1979), p. 38. 
5 See Petersen ( 1977). 
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countries. He then screened the remaining 25 indicators for their ability to 
forecast a <lebt crises based on whether "the values of the 25 indicators 
chosen for further investigation were, in those 3 to 5 years precedi_ng a 
multilateral <lebt settlement, on average notably different from those in 20 
other countries, for which until recently no such arrangements have be~n 
made"6. The resulting indicators and their critical values are presented m 

Table 1. 

Tab/e 1: Indicators and their Critical Values According to the Petersen Model 

Indicator 1 st threshold 2nd threshold 

1. Debt/ exports ratio 120% 160 % 

2. Gross foreign investment 10 % -
income/ exports ratio;i) 

3. Current account ba- 20 % -

lance/ imports ratio 
4. Reserves/ imports ratio 2.5 months -
5. Changes in reserves 0 % -20 % 

6. Inflation rate 12 % -
7. Growth of real GNP 3 % 0% 

from Petersen (1977), p. 100. 
:i) Foreign investment income: interest, profits, etc. (debit). 

Note that only the debt/export ratio, the change in reserves, and the 
growth of real GNP indicators have two threshold values. As will later 
become evident through the application of the model, this results in giving 
the aforementioned indicators a larger weight than the others. 

In calculating the indicators for the period 1978 to 1983, we used the same 
definitions and generally the same data sources as Petersen did for his study. 
The only exception was the growth of real GNP indicator, which we replaced 
by the growth of real GDP. This was done because such a time series already 
existed in the IMF, international Financial Statistics7. 

Although indicators were only calculated up to 1983, countries reschedu­
ling in 1984 were also considered rescheduling countries to take account of 
the fact that resettlement negotiations usually take some time. 

lt should be mentioned that we considered the indicator values of every 
year within the sample period whereas Petersen only looked at the average 

6 See Petersen ( 1977), p. 98. 
7 See Petersen (1977), p. 107, for the exact definitions of indicators and the data 

sources. 
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value of an indicator over the 3 to 5 year time period preceding a <lebt 
resettlement. This was done to test whether trends would show up that could 
help to improve the early-warning characteristics of the model. We did, 
however, also calculate the model adhering strictly to Petersen 's methodo­
logy but did not receive superior results. 

The results of our study are presented in Table 4 in the Appendix. The 
model appears to be capable of discriminating between rescheduling and 
non-rescheduling countries. An optimal classification rule might be to con­
sider a country a problem case if more than 5 signals are lighting up 
sometime within the sample period. Using such a simple rule, one would 
classify correctly all countries except for Korea and Egypt, that would falsely 
be considered rescheduling cases, and Venezuela, which would not be 
recognized as a problem country. In the case of Korea, however, the critical 
score of 5 signals is exceeded only once, in 1980, when it reached 6. Other­
wise the scores were quite low never even reaching 5. The model fails 
completely with respect to classifying Venezuela. Scores always remain weil 
below 5. There is absolutely no indiration for an upcoming crisis. Chile is 
another "close case". Only in 1983 did the score exceed 5 to point to a 
potentially dangerous situation. Comparing Chile with Korea, the other 
border case; however, one will still find the average score of Korea well below 
that of Chile. For the remaining 8 countries the model is right on the mark. 
All rescheduling countries exceed the critical score of 5 more than once. 

Obviously the model seems to perform reasonably weil as far as classifica­
tion over the whole sample period is concemed. Since it was designed as an 
"early-warning" model, however, the question is whether it succeeds in 
triggering enough signals well in advance of the crisis to give the decision 
maker enough time to react accordingly. We may therefore investigate the 
period of 1978 to 1980 to _find out whether rescheduling countries generally 
had higher scores than non-rescheduling countries or whether they showed 
a clear trend to plase the decision maker into a position where he can make 
reliable predictions of future scores. Although there are countries, such as 
Brazil and Mexico, that had high scores right from the beginning of our 
sample period, there are others, such as Argentina, Chile, Egypt, and Vene­
zuela with relatively low scores. There also do not appear to be general 
trends observable for problem countries. As a matter of fact, scores dropped 
in the first three years for many of them. The strongest example for this 
would be Nigeria, which went from 5 in 1978 to O in 1980 and shot up to 6 in 
1981. 

We can conclude, therefore, that the use of such a model as an "early-war­
ning" system appears tobe rather limited, at least for the sample considered. 
The model may be of some value for a decision maker, however, in that it 
gives a general impression of where a country stands in comparison with the 
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others and does not require any subjective judgement on the part of the 
evaluator. But as the sole instrument for a 

0

yes" or "no" decision on a loan 
other than a very short term one, it may lead to making big mistakes. 

In addition to the problems associated with this particular model that 
became evident through the interpretation of its results, there are several 
further shortcomings of a more general nature that apply to many other 
scoring systems as weil. As Petersen points out himself, it lacks an underly­
ing economic theory, as far as the causes of debt problems and the selection 
of indicators are concerned. Indicators are chosen on the basis of their past 
ability to forecast upcoming debt crisis. lt is questionable, however, whether 
these indicators will perform as well in the future. Furthermore, it must be 
tested to what extent indicators are correlated with one another. Two highly 
correlated indicators, for instance, may possibly contain the same informa­
tion. One of them would be superfluous. Giving them both the same weight 
within the system, can lead to an overrepresentation of a particular aspect of 
a country's economy. The determination of critical values also is a problem. 
Why should the first threshold value for the debt/ exports ratio be 120 % -
why not 125 %? The reason is, of course, that the system performed best with 
the critical values set forth in the paper for the countries investigated in a 
specific time period. They may prove to be rather unreliable for another 
sample, however. lt should also be pointed out that the selection of a critical 
score range, such as 6-10 in our case, tends to be highly dependent on the 
time period considered. Note that this range was determined ex post when 
we knew the scores of all countries for the entire sample period. Since the 
critical score values are not based on any economic theory, one should be 
very careful in relying on them for the future. Finally there is the question of 
appropriate weights for the indicators. In our model the debt/exports ratio, 
the changes in foreign reserves, and the real GDP growth rate were implicitly 
given a greater weight since they could trigger an additional signal if their 
values exceeded a previously determined mark. Again these weights are 
solely based on the empirical experience within a specific time period rather 
than economic plausibilities. This must be borne in mind when the system is 
applied to another sample. 

3. Early-W arning Systems Using Statistical Methods 

a) The StatlsUcal Methods 

Most early-warning systems use rather sophisticated statistical techni­
ques to d~termine a co~ntry's debt servicing capacity. With the sharp rise in 
commerc1al bank lend1ng to developing countries during the 70's, there was 
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an increased interest in finding more effective methods of monitoring coun­
try risk. The statistical technique serves as a sort of 11screen

11 

for the relevant 
indicators. The objective is to make the selection, weighting, and interpreta­
tion of the indicators more rigorous in order to overcome some of the 
shortcomings of the models discussed earlier. The most commonly used 
techniques are discriminant analysis, principal components analysis, and 
logit analysis. In the following we will briefly describe how these techniques 
work and give an overview of the results obtained through their application8

• 

In principal components analysis the original set of indicators is substitu­
ted by a set of composite indicators (components) where each component is 
a linear combination of all the original indicators. A component's relative 
importance can then be measured by the proportion of total sample informa­
tion it contains. 

Dhonte9 applies this technique to analyze the relationship between va­
rious indicators, which can be inferred from the components with the highest 
information content. He aims to find out what is distinctive about the 
rescheduling cases compared to the others in lhe sample. His main conclu­
sions are not very surprising: 

problem countries will be overly "involved11 in debt at poor terms. A 
balance must be struck between 11involvement" in debt and the terms on 
which it is a accumulated; 
the growth of external debt must keep up with lhe anticipated growth of 
export earnings. 

In general, however, principal components analysis is primarily used to 
pre-screen a large set of indicators for the rnore relevant ones, which will 
then be considered to become part of the early-waming system. 

Dividing a general population into two groups, in our case: countries that 
rescheduled their debt within a particular time period and those that did not, 
discriminant analysis can be used to determine to which group an observa­
tion that was not drawn from the sample will most likely belong. This method 
provides a way of measuring how the values of the variables describing the 
observation - e.g. debt service ratio, imports to GDP ratio, and other debt 
indicators - "resemble" those of samples drawn from each group where 
group membership is known. Contrary to logit analysis, which will be descri­
bed hereafter, discriminant analysis assumes no causality running from the 
descriptive variables to group membership. 

8 For a detailed discussion of discriminant and logit analysis as weil as their 
applicability in business, banking, and finance, see Altman et al. ( 1981 ). 

9 See Dhonte ( 1975). 
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In the logit analysis model, however, group membership is assumed tobe 
an endogenous variable determined by the values of the exogenous varia­
bles describing the debt situation of a particular country at a particular point 
in time and a disturbance term f . Specifically, the endogenous variable is the 
probabilty of default for country i (Pi == Prob (Yi == 1)), where Yi can take the 
value of either O for non-rescheduling cases or 1 for rescheduling cases. Pi is 
conditional on the exogenous variables X iJ using the following functional 
form, which is the cumulative standard logistic function: 

P, = Prob (Yi = 1) = j l(z) = _l_ 
- oo 1 + e-wi 

m 

where wi = bo + l b.i x,J 
j = 1 

el 
and f (z) = , (standard logistic density function). 

(1 + ezt 

bj is the coefficient to variable X; out of a set of m variables for each 
observation. The coefficients B == (bo, b 1, ••• , bm) are to be estimated. 

One advantage of the logit model is that the endogenous variable can only 
take on values between O and 1, as can be illustrated by the following graph: 

Cumulatlve 
Probability 

1.0 

~-;3--~-2~---:_:;1---:0~-~,---+----+----+-~ z 
2 3 4 

Fig. 1: Standard model and logistic c 1 . . . 
umu ative distnbution function 10. 

1° Compare Altman et. al. (1981), p. 17_ 
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Using the logit model, it is possible, therefore, to determine the probability 
of debt rescheduling given the values of the indicators used. In actual loan 
decisions a cut-off rate must be fixed so that the loan would be granted only if 
the probability of debt rescheduling for the applying country is below the 
cut-off rate. This is usually done so as to minimize the risk of error while, at 
the same time, taking account of the risk preferences of the decision maker. lt 
must be considered, however, that a particular cut-off rate may be optimal 
for one time period, but yield poor results for another. 

The performance of an early-warning model can be tested by calculating 
Type I and Type II errors. A Type I error occurs when the model does not 
predict a debt rescheduling for a particular year although rescheduling did, 
in fact, take place. A non-rescheduling year being incorrectly classified as a 
rescheduling case would be considered a Type II error. 

lt would go beyond the scope of this paper to present the results of all 
major studies undertaken to find efficient early-warning systems11

. We will, 
however, present an overview of the variables shown significant in statistical 
analysis of debt service "problem" situations (see Table 3 in the Appendix). 

As Saini and Bates point out, a note of caution is necessary to not overinterpret­
ing a comparison such as this. The studies diff er by their respective sample 
sizes, periods covered, variables examined, and techniques employed12

• 

Just abrief glance at the large number of indicators shown tobe significant 
reveals that choosing a single set of variables to adequately describe a debt 
situation is no easy task. The indicators found tobe significant most often are 
the debt service exports ratio, the external debt/ exports ratio, the external 
reserves/imports ratio, and the inflation rate. One must also consider that 
authors use different definitions of the variables (e.g. exports including or 
excluding services; reserves including or excluding gold). This can have a 
major impact on the results of the model. 

' As Walter ( 1983) points out, it is evident that most indicators are related to 
domestic supply side and balance of payments aspects as well as the ade­
quacy of external reserves in the short run. Relatively little attention is given 
to the monetarist model of international adjustment13

. 

Nagy (1979) considers the monetary approach a "non-starter" for LDCs. 
Economic policies of public authorities leading to multiple exchange rates, 

11 See Saini and Bates ( 1984) for a more complete survey. 
12 See Saini and Bates (1978) for a comparison of discriminant and logit analysis as 

well as Schmidt ( 1984) for a comparison of logit, discriminant analysis, and univariate 
methods. In another article, Schmidt ( 1982) also includes principle components 
analysis. 

13 See Sargen ( 1977) for a comparison of monetary and structural variables as 
explanations for past reschedulings. 



} . 

Totsten Amelung and Thorsten Mehltretter 

high tariffs, import licensing, capital controls, etc. make it very difficult to 
tablish a signUicant relationshlp between changes in the domestic money 

supply and the balance of payments or debt servicing ability. 

b) The Schmidt Model 

In section 2.b . we used data Crom 12 countries for the period 1978 to 1983 to 
test the performance of a simple scoring model. Now we will take data from 
the sam e countrie s and the same time pe riod to plug it into a more 
sophislicated model designed by Schmidt ( 1984) using the logit analysis 
technique . The resu)ts will lhen be compared to those derived from the 
Pet rs n modeJ. 

S hmidt us d dala trom 52 countries from the period 1974 to 1978 to test 
th ability of 21 indicators14 to point out potential problem countries. 

Applying univariate methods as weil as discrirninant and logit analysis, 
h found four variables (supplie r credit to total debt (SUPO), total reserves 
minus gold to imports (REIM), total debt to GDP (DEBI), and inte rest pay­
m nls to GDP (ZIBI} to be of remarkable overall stability over time and 
across countries. The sign of the coefficient of SUPQ is positive, indicating 
that a n increas in the share of supplier credit wil1 lead to a higher probabi­
lity of de fault. As Schmidt explains it, supplie rs cannot o r will not reduce 
th ir e r dit to developing countries as quickly as financial lenders when a 
country runs into trouble. The coefficient of REIM is negative . The higher the 
total reserves to imports, the less like ly is a country to default. The positive 
sign of the coefficient of DEBI means that a high level of de bt relative to GDP 
r sults in a higher probability of rescheduling. ZIBl's coefficient shows a 
negative sign. This is surprising because one would expect high interest 
payments to increase the potential threat of default. Schmidt argues, howe­
ver, that countries that get into critical situations receive low-interest loans 
from international organizations pushing down their interest payments/ GDP 
ratio relative to other countries. 

Using the variables and coefficients found by Schmidt, we received the 
following results for the period 1978 to 1983: 15 

u Fora complete !ist of all the indicators considered see Schmidt (1984), p. 361. 

i.s We gratefully acknowledge the assistance of Prof. Reinhart Schmidt and Hel­
mut Köster in this projecl 



Table 2: Probalitiy of Multilateral Rescheduling ior the Period 1978 to 1983 (in %) 

Years of multilateral 
debt rese ttlement within 

1978 1979 1980 1981 1982 1983 the period 1977 to 1984 

Argentina 88.5a 95.6 98.6 98.2 74.6 85.911 1984 

Brazil 84.3 78.7 66.2 64.3 80.7 75.4 1983, 1984 

Chile 5.4 46.7 55.2 55.6 9.5 8.6 1983 

Egypt 26.1 84.7 88.7 60.3 97.9 98.5 no de bt r~se ttlements 

lndia 99.4 99.1 99.6 99.9 99.8 99.9 no debt rese ttlements 

Indonesia 82.6 63.5 91.9 95.8 97.5 97.0 no debt rese ttlements 

Israel 10.2 12.4 9.7 2.1 1.3 1.0 no <lebt resettlements 

Korea 52.2 77.7 44.6 29.3 57.4 83.4 no de bt resettlements 

Mexico 6.8 19.5 35.1 57.8 8.6 0.3 1983, 1984 

Nigeria 99.7 98.7 98.2 98.9 98.0 99.4° 1983 

Peru 0.03 0.6 1.1 12.7 49.1 68.5 1978, 1979, 1983, 1984 

Venezuela 78. 1 67.6 28.1 59.1 60.5 58.4 1984 

: This figure would indicate that the probability of a multilateral rescheduling in 1978 was 88,5 % for Argentina. 
GNP rather than GDP was used for DEBI and 2181. 

Source: Own calculations based on the model of Schmidt (1984). 16 

16 Tue variables were standardized by subtracting the mean and dividing by the standard deviation. Standard deviations were 
estimated on the basis of the data of 34 LDCs. Means and standard de viations of DEBI and 2181 were approximated on the basis of the 
values for the debt/ GNP and interest payments/ GNP ratios. Data was taken from IMF, International Financial Statistics and World Bank, 
World Debt Tables. 
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On the whole the results appear tobe rather disappointing. Although the 
probabilities of default are quite high for many of the rescheduling countries, 
such as Argentina, Brazil, and Venezuela, probabilities for some of the 
non-rescheduling countries are much too high. India, for instance, should be 
bankrupt by now. There are also several jumps in the probabilities, e.g. in the 
case of Mexico from 57.8 % in 1981 to 8.6 % in 1982. This particularly surpri­
sing since Mexico ran into great trouble in the summer of 1982. 

In our opinion, these results are mainly due to the ZIBI indicator, which is 
given a very high weight in the model. The exact coefficients of the variables 

are: 

Variable Constant SUPO REIM DEBI ZIBI 

Coefficient 2.005 0.083 -0.189 0.135 -4.672 

The influence of ZIBI is particularly great because all variables were 
standardized so that their values are roughly within the same range. This fact 
is also evidenced by the highly negative correlation coefficients between the 
probability of default and ZIBI relative to the other indicators. Take, for 
example, the case of Venezuela: 

Variable SUPQ REIM DEBI ZIBI 

Correla tion 
coefficient 
between the 
probability -0.19 -0.15 -0.14 -0.98 

of resche-
duling and the 
variable 

Now we can also explain the large decrease in probability from 1981 to 
1982 for the case of Mexico. As GDP declined sharply (in US-$ terms) and 
interest payments rose in 1982, the 1982 value of ZIBI was well above that of 
1981 causing the probability of default to drop. 

One has to consider that the model was estimated on the basis of data frorn 
1974 to 1978. During this period reschedulings occurred mainly for Iow-in­
come developing countries such as Togo, Zaire, and Sudan 11_ Here it would 
seem plausible that relatively poor, high-risk countries would receive loans 

17 See the overview of multilateral debt renegotiations in Table 5 in the AppenciiX• 
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mainly from international organizations on concessional terms causing the 
ZIBI value to be lower than that of other countries, whose better standing 
permits them to receive bank loans on market terms. During the recent debt 
crisis, however, the main concern was with the relatively rich Newly lndu­
strialized Countries. The sign of the coefficient for the ZIBI variable should 
therefore have been reversed for the sample of our study. 

This type of a problem is also likely to arise with other quantitative models 
that were developed in the 70's since all the estimations are highly influen­
ced by developments in low-income developing countries. Obviously one 
must be very careful in applying for the future models that performed weil in 
the past, particulary if there is little theory as the basis for the selection of the 
indicators. lt is also evident that cross-section analysis may yield misleading 
results within the context of early-warning systems. lt is quite possible that 
the model would have performed much better if we had selected only 
low-income developing countries for our sample. 

Comparing this model with the simple scoring approach presented earlier, 
one must conclude that the Petersen model was superior in performance 
over the more sophisticated Schmidt model for the sample of our study. 
Neither of the models could be considered satisfactory as an early-warning 
system, however. Nevertheless, this does not mean that quantitative techni­
ques are generally inferior to less sophisticated types of analysis. Schmidt's 
model would probably have performed much better if it had been specified 
differently. However, one should not blindly trust sophisticated statistical 
techniques. 

One other critical issue should be adressed, which is of particular impor­
tance in estimating quantitative models, namely the role of the dependent 
variable. First of all, there is the question of proper definition. When can one 
consider a country to be in a state of default? 1s it when the country falls 
behind on its debt service payments or when it formally repudiates its <lebt? 
Most studies have resorted to the occurrence or non-occurrence of a formal 
rescheduling arrangement within a particular year or time period as the 
dependent variable. lt must be considered, however, that countries may 
circumvent formal reschedulings at least for some time by negotiating debt 
service delays or balance of payments support loans. They may also impose 
emergency controls on foreign exchange and imports. As Saini and Bates 
( 1984) point out, such measures would not be reflected in the model. Fur­
thermore, debt reschedulings must not necessarily be the result of debt 
servicing problems. A country may renegotiate its <lebt to receive better 
terms, f or instance. One should theref ore distinguish between voluntary and 

involuntary rescheduling18
. 

18 Saini and Bates ( 1978) incorporated these criticisms in their statistical work. 
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One must also decide to which period a resettlement is to be attributed. 
The data provided by the World Bank, for instance, is usually based on the 
date of final settlement. In the case of Mexico, debt servicing problems arose 
in the summer of 1982 whereas a formal rescheduling agreement was not 
reached until 1983. Obviously the use of binary-valued dependent variables 
is rather problematic. 

Furthermore it should be mentioned that the number of observations for 
the statistical models is rather limited. Country defaults or <lebt resettle­
ments are quite rare relative to the thousands of private company bankrupt­
cies every year in the U.S., for instance. It is necessary, therefore, to include in 
the sample many different countries over a long time period to get significant 
statistical results. This, of course, can lead to problems of structural reliabi­
lity, i.e. changing parameter values over time and across country groups. 

There also is a problem of data availability. The data for the indicators 
must be available early enough to leave time for banks or public authorities 
to react to a potentially dangerous situation. Some improvement has been 
made in this respect, however, since the debt problems in the 80's have 
caused banks and international organizations to make an extra effort at 
making data available quickly. 

The points mentioned above raise some doubts as to the reliability of 
early-warning systems. Our test results indicate that this holds irrespective 
of the degree of statistical sophistication since the Petersen model actually 
.outperformed that of Schmidt. Early-warning systems seem to be more 
descriptive rather than predictive in nature. They fail to perform well when 
applied to out-of-sa~ple observations. This, of course, is really not all that 
surprising since <lebt problems are often caused by exogeneous shocks such 
as rising oil prices and interest rates, which cannot be anticipated in an 
early-warning system. 

4. Conclusions 

In this paper we tried to analyze various models with respect to their 
predictive power concerning LDC debt servicing ability. We assessed early­
warning systems tobe found in the literature and tested two models in light 
of the recent debt crisis. Our findings revealed that both showed to be 
incapable of serving as an early-warning device. In summing up our findings, 
the following points should be stressed: 

Many of the models appear to overly rely on empirical experience 
rather than economic theory. As the selection of the variables seems to 
be mainly determined by data availability and the experience gathered 
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in previous studies, more care should be taken in the specification of the 
model. 

Statistical sophistication must not always yield superior results. Relati­
vely simple analytical techniques may actually do better. 

Finding one model for all countries seems tobe a very difficult underta­
king. Early-warning systems should be more country-specific and less 
relian t on cross-section analysis since there has been an increased 
occurrence of debt problems among Newly Industrialized Countries, 
that were perceived to bear relatively low risks in the past. 
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Appendix 

Table 3: Variables Shown tobe Signiflcant in Statistical Analyses oi Debt-Service "Problem" Situations 

Frank Dhonte Grinols Feder Sargen Mayo Saini Abassi Schmidt 

and and and and and 
Cline Just Barrett Bates Taffle r 
(1971) (1975) (1976) (1977) (1977) (1978) (1978) (1982) (1984) 

t. Debt Service payments/Exports X X X 

2. Debt Amortization/Total Debt X X 

3. External DebUExports X X X X 

4. Extemal Debt/GNP or GDP X X X 

5. Extemal Reserves/Imports X X X X 

6. Debt Service Payments/Import X 

7.Debt Service Payments/External Reserves X 

8. Net Transfers/Imports X 

9. Debt Service Payments/Debt Disbursements X X 

10. Capital Inflows/Debt Service Payments X X 

11 . IMF Reserve Position/Imports X 

12. Gross Fixed Capital Formation/GDP X 

13. Currenl Account Balance/Exports X 

14. Disbursed Supplier Debt/External Debt X 

15. Export Growth Rate X X 

\ 6 . Pe r Capita lncome X 

\ 7 . Disbursed Externa\ De bt x"' X 

\ß. Domes\.ic \n\\a \.io n R a t e X X X X 
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Table 3: Variables Shown tobe Signlficant in Statistical Analyses of Debt-Service "Problem" Situations 

Frank Dhonte Grinols Feder Sargen Mayo Saini Abassi Schmidt Cline b) 

and and and and and 

Cline Just Barrett Bates Taffler 

( 1971) (1975) (1976) (1977) (1977) (1978) (1978) (1982) ( 1984) (1984, 

19. Interest Payments/GDP X 

20. New Loan Commitments Per Capila X 

21 . Domestic Credit/GDP X 

22. Money Supply Growth X 

23. Growth of Extemal Reserves X 

24. Amortizalion Rate X 

25. Current Account Deficit/Exports X 

26. GDP Growth Rate Per Capita X 

27. Level of Global Borrowing X 

Analytical Technique D C D L D L D {L) D D,L0 L 
Type I Error Ratect 23 % 33 % 12 % 5% 33 % 25 % 17%(17%) 10 % N.A. 9.1 % 
Type II Error Rated1 11 % 13 % 6% 2.5 % 8% 13 % 15%(19%) 8.9 % N.A. 13 % 

Composite Error Rate"1 1 t.5 % 16 % 6.5 % 2.5% 9% 14 % 15.5%(19%) 9% N.A . 12.8 % 

Notes: D = Discriminant Analysis. L = Logit Analysis. C = Principal Component Analysis. 
Sources: Walter (1983); Saini and Bates (1984); and own research. a) Growth rate of disbursed external debt. bl Indicators used in his 
"C-model". cJ Number of Type I errors divided by number of observed rescheduling cases. dl Number of Ty~e II errors divided by number 
of observed non-resched~ling cases. eJ Total number of errors divided by total number of observations. No error rates reported. 
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Table 4: Early-W arning Systems ior Forecastlng Debt Crisis: IndicatorValues and "Critical" Signals Lighting up as Critical 
Marks are Passed. !'-,) 

-..J 
~ 

Indi c ato r s 
Country Years ofa1 Year Debt/ Foreign Currentb' Fore ign Changes Inflation Real Signals (x or xx), 

Multilateral Exports Invest- Account Reserves/ in For- Rate GDP i.e. Critical 

Debt Se ttle- ment Deficit/ Imports eign Re- Growth Values Exceeded or 

ment within lncome/ Imports serves Rate Attained -1 
the Period of Exports 0 

ci1 
1977 to 84 % % % Months % % % 

,.... 
ro 
:, 

(1) (2) (3) (4) (5) (6) (7) (1) (2) (3) (4) (5) (6) (7) ~ 
Argentina 1978 86.1 12.7 -30.7 11.8 55.9 172.6 1.0 X X X 3 (1) -c:: 

79 86.8 16.3 4.9 13.3 94.0 163.2 6.8 X X 2 :, 
ao 

80 91.0 24.8 29.8 7.0 -20.0 100.0 0.9 X X XX X 5 Q, 
:, 

81 89.6 39.0 28.7 3.7 -46.2 104.0 -6.3 X X XX X XX 7 0. 

82 163.3 54.5 19.4 4.5 -10.0 165.2 -4.8 7 
-1 

XX X X X XX ::r 

251.9 19.9 2.8 -36.9 344.2 3.0 (St' 
0 

1984 83 - XX- XX X 
""1 
r,, ,.... 
(1) 

Brazil 1978 208.8 33.7 32.6 6.8 63.8 38.6 6.2 XX X X X 5 ::, 

79 198.0 37.4 36.8 4.1 -19.3 52.8 6.4 XX X X X X 6 3: 
(1) 

80 171.0 36.1 35.3 2.3 -30.1 82.8 7.2 8 
::r 

XX X X X XX X -..... 
""1 

81 166.1 43.3 30.2 2.3 8.8 105.6 -1.6 XX X X X X XX 8 (1) ,.... ,.... 
82 212.5 63.9 41.0 1.2 -46.6 98.0 0.9 XX X X X XX X X 9 (1) 

""1 

1983, 1984 83 238.3 - 21.9 1.8 14.1 142.0 -3.2 XX - X X X XX (7) 

Chile 1978 146.0 17.8 26.1 4.0 115.7 40.2 7.3 X X X X 4 

79 101.0 16.9 19.7 5.4 93.7 33.3 8.3 X X 2 

80 75.3 19.7 23.6 5.9 51.8 35.1 7.8 X X X 3 

81 80.1 36.2 45.3 4.5 -5.8 19.7 5.5 X X X X 4 

82 101.5 49.2 30.4 4.1 -33.2 9.9 -14. t X X XX XX 6 

1983 83 141.5 - 17.8 5.3 0.9 52.5 -0.7 X - X XX (4) 

~ • • 



., .._,, 

~ Egypt 1978 271.8 11.3 18.2 1.9 24.7 
79 261.5 9.6 18.8 2.6 70.8 

no debt 80 196.2 9.0 4.5 3.1 28.0 

resettle- 81 205.7 13.0 19.0 1.8 -16.3 

ments 82 214.2 15. t 19.2 1.9 -69.4 
83 213.8 - 6.9 1.8 -6.1 

India 1978 181.1 5.1 -7.0 10.6 36.7 
79 151.4 4.6 -0.4 11.4 42.1 

no debt 80 142.5 4.0 10.2 8.3 1.7 
resettle- 81 147.3 - 15.1 5.4 -32.5 
ments 82 152.8 - 13.9 5.4 1.6 

83 - - - - -0.3 

Indone- 1978 116.3 17.8 11. 1 2.5 5.5 
sia 79 85.5 15.9 -6.7 3.5 57.1 

no debt 80 67.4 15.0 -14.8 4.2 61.8 
resettle- 81 64.0 12.6 2.2 2.9 -8.2 
ments 82 87.6 - 19.9 2.0 -27.0 

83 109.2 - 24.1 2.2 7.5 

Israel 1978 139.5 15.2 9.2 3.6 68.6 
79 128.8 17.2 7.4 3.8 27.8 

no debt 80 128.9 20.1 6.0 3.6 9.8 
resettle- 81 136.4 22.4 9.6 3.2 -2.1 
ments 82 147.3 27.5 14.8 3.5 9.2 

83 152.2 - 15.0 3.2 -6.9 

11.0 10.1 XX X X 

9.9 8.7 XX 

20.6 10.4 XX X 

10.4 3.9 XX X X X 

14.9 5.6 XX X X XX X 

16.1 6.7 XX - X X X 

2.6 5.9 XX 

6.3 -5.2 X 

11.5 6.8 X 

13.0 5.8 X - XX X 

7.9 2.9 X -

21.2 7.7 - - - - X X 

9.4 3.0 X X 

20.6 2.1 X X 

18.4 2.0 X X 

12.2 1.9 X X X 

9.5 1.8 - X XX 

11.8 1.8 - X X 

50.7 8.5 X X X 

78.2 3.7 X X X 

130.9 2.7 X X X 

116.8 2.8 X X X X 

120.4 1.1 X X X 

145.6 1.8 X - X X 

4 
2 
3 
5 
7 

(5) 

2 
XX 3 

1 
(4) 

X (2) 
(2) 

X 3 
X 3 
X 3 
X 4 
X (4) 
X (3) 

3 
3 

X 4 
X 5 
X 4 
X (4) 
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Table 4: Early-Waming Systems ior Forecasting Debt Crisjs: 'lndicatorValues and uCritical" Signals Lighting up as Critical 
Marks are Passed. N 

'..J 
O') 

Indi c ators 
Country Years ofal Year Debt/ Foreign Currentb1 Foreign C hanges Inflation Real Signals (x or xx), 

Multilateral Exports lnvest- Account Reserves/ in For- Rate GDP i.e. Critical 

Debt Settle- ment Delicit/ Imports e ign Re- Growth Values Exceeded or 

ment within Income/ Imports serves Rate Attained ----3 

the Period of Exports 
0 
'"1 
C/l 

1977 to 84 % % % Months % % % 
..... 
(t) 
::, 

(1) (2) (3) (4) (5) (6) (7) (1) (2) (3) (4) (5) (6) (7) ~ 
Korea 1978 65.9 6.0 1.8 

(t) 

5.8 - 5.5 14.5 18.0 X X X 3 -C: 

79 70.1 7.7 17.2 1.5 10.0 18.3 7.3 2 
::s 

X X OCl 

no <lebt 80 70.0 11.8 18.8 1.3 -0.3 28.7 -3.0 X X 6 
QI 

X X XX ::, 

resettle- 81 66.9 13.4 14.3 1.0 -9.6 21.3 6.9 4 
0.. 

X X X X ----3 
ments 82 70.7 13.5 8.4 1.1 5.1 7.3 5.5 X X 2 ::,-

0 

83 70.5 4.9 0.9 -16.4 3.4 9.5 (2) 
'"1 

- - X X C/l ..... 
(t) 

Mexico 1978 223.4 28.5 21.5 1.8 17.1 17.5 8.3 6 
::s 

XX X X X X ~ 
79 181.1 29.1 25.2 1.7 36.0 18.1 9.2 XX X X X X 6 (t) 

::,-
80 136.3 22.6 24.7 1.5 35.2 26.4 8.3 X X X X 5 -X ..... 

'"1 

81 138.5 33.9 31. 1 1.3 19.0 27.9 8.0 5 
(t) 

X X X X X 
,... ..... 

82 177.0 41.0 16.8 0.6 -64.3 59.0 -0.6 9 
(t) 

XX X X XX X XX '"1 

1983, 1984 83 240.8 - 22.8 2.5 169.8 101.8 -5.3 XX - X X X XX (7) 

Nigeria 1978 20.4 4.5 25.2 1.6 -53.2 19.5 8.9 X X XX X 5 
79 18.1 4.0 -10.4 4.4 190.8 11.7 -5.7 XX 2 
80 15.4 6.8 -23.2 5.8 80.3 10.0 6.0 0 
81 20.0 6.9 23.5 2.0 -60.8 20.8 0.4 X X XX X X 6 
82 61.5 8.2 36.4 1.1 -53.8 7.7 -5.3 X X XX XX 6 

\983 83 107.0 - 30.6 1.0 -35.0 23.2 -2.2 - X X XX X XX (7) - - ~ 



• • 
Peru 1978 1978 224.3 - 7.2 2.8 18.2 57.9 -1.9 XX X XX 5 

1979 79 143.2 - -22.2 7.2 242.6 66.6 4.3 X X 2 

80 127.1 - -1.3 6.8 32.6 59.2 2.8 X X X 3 

81 141.5 - 28.2 3.4 -37.4 75.4 3.0 X X XX X X 6 

82 164.0 27.8 27.0 4.0 13.3 64.4 0.9 XX X X X X 6 

1983, 1984 83 206.3 - 17.7 4.6 -4.5 111.2 -11 .8 XX - X X XX (6) 

Venezuela 1978 63.5 - 35.4 6.4 -10.3 7.0 2.3 X X X 3 

79 60.1 - -2.3 10.2 53.2 12.4 1.3 X X 2 

80 48.9 - -27.7 9.4 1.3 21.5 -2.0 X XX 3 

81 46.3 - -19.9 7.6 -4.8 16.0 -0.3 X X XX 4 

82 60.2 20.4 17.9 6.0 -7.1 9.7 0.7 X X 2 

1984 83 74.4 - -32.9 10.7 1.7 6.3 -5.6 - XX (2) 

Critical V alues > 120% > 10 % > 20 % < 2.5 < 0 % > t2 % < 3 % 

> 160% months < -20% < 0 % 

a) This information was taken from the World Bank, World Development Report, 1985, p.28. Years reported indicate when final 
agreement was reached. 

bl Minus signs indicate a current account surplus. 
cl Brackets indicate that the value for an indicator is. missing in that year. 

Source: Own calculations based on the model of Petersen (1977) . Data from World Bank, World Debt Tables and IMF, Balance of 

Payments Y earbook. 

tTJ 
0> .., -"< 

~ 
0> 

3 -· ::, 
ao 
cn 

"< r,, ..... 
Ci) 

~ -· ::, 
r-' .... 

ao 
::r ..... 
0 -..... 
::r 
Ci) -::, ..... 
Ci) .., 
::, 
0> ..... .... 
0 
::, 
0> --
0 
Ci) 
-er ..... 
(') .., .... 
r,, -· r,, 

t-..:> 
--.J 
-..J 



278 Torsten Am lung and Thorsten Mehltretter 

Table 5 : Multilateral Debt Renegotiations, l ~7 5-84 
(millions of U.S. dollars) 

Number of 
renegotiations, 

Country 197 5-84 

1. Argentina 2 
2. Bolivia 2 
3. Brazil 3 
4. Central African Rep. 2 
5. Chile 2 
6. Cosla Rica 2 
7. Dominican Republic 
8. Ecuador 
9. Gabon 

10. Guyana 
t t. Honduras 
12. lndia 
13. lvory Coast 
14. Jamaica 
15. Liberia 
16. Madagascar 
17. Malawi 
18. Mexico 
19. Morocco 
20„ Mozambique 
21 . Nicaragua 
22. Niger 
23. Nigeria 
24. Pakistan 
25. Peru 
26. Philippines 
27. Romania 
28. Senegal 
29. Sierra Leone 
30. Sudan 
31. Togo 
32. Turkey 
33. Uganda 
34. Uruguay 
35. Venezuela 
36. Yugoslavia 
37. Zaire 
38. Zambia 

Total 

4 
1 
3 
1 
3 
2 
4 
6 
4 
3 
3 
3 
1 
3 
3 

1 
6 
2 
4 
4 
4 
5 
6 
5 
2 

4 
6 
3 

113 

1975-1 980 

Paris 
Club 

216 

436~1 

30 

478 

68 
373 
170 

4,696c1 

1,594 

8,166 

Commercial 
bank 

970 

29 

126 

582 

821 

68 
2,640 

402 

5,638 

Paris 
Club 

55 

25 
142 

77 

(92) 

(56) 

574 

1,284 

1981 

Commercial 
bank 

444 

103 

188 

638 

3,100 

4,473 

Note: Data cover arrangements expected to be signed by the end of 1984 plus commercial bank 
reschuldings agreed in priciple but not .signed_ t~rough December 31, t 984. Figures indicate renegotia­
ted amounts as reported by the countnes or, 1I m parenthesis, as estimated by staff members. 

• 

• 
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Table 5: Multilateral Debt Renegotiations, 1975-84 
(millions of U.S. dollars) 

1982 1983 1984 

Commercial 
Paris Commercial Paris Commercial Paris bank signed or 
Club bank Club bank Club agreed in principle 

(23,24 t) 
(536) 

(3,478) (4,532) (5,350) 

(13) 
(3,400) 

97 1,240 
497 

(200) (1,835) (5,065)b) 

14 (24) 

• (122) 

(153) (306) 

(106) (148) 

27 18 (17) (71) 

103 (120) (195) 

24 (30) 59 
1,550d) (23,625) C48,725t 1 

1,225 475 (530) 

(200) 

102 
33 (22) 28 

(1 ,920) 

(450) (380) (1,000) (1,415) 

(685) {4,904) 

(234) (1,598) (195) (567) 

84 64 (97) 

88 (25) 

174 502 (245} 

11 4 74 (55) 

(22) 

• (815) 
(20,750) 

(988)dJ ( 1,586) (SOO)d> (1,246) 

(1,317) 

(285) (150) (75) 

641 t,741 10,559 41,005 3,341 112,853 

Cuba and Poland, which also renegotiated de bt-service payments with official cred ilors and commer-
cial banks, are not me mbe rs of the W orld Bank and therefore are excluded from this table. 

• 1 Denotes an agreement of a special task force. 
bJ lncludes one agreement (for $ 590 million) signed, a nd another in principle. 
<J Oenotes an Aid Consortium Agreement. 
d i Technically this was a n agreement o f a creditor group meeting, not a Paris Club. 
•• lncludes debt o f $ 23,625 million pre viously rescheduled in 1983. 

Source: W orld Bank, World Oe bt Tables. 
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