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Abstract

Nowadays, the credit rating is an important measure of classification
for countries and companies in international markets. The credit quality
of a country or a company, defined by risk rating agencies, is an essential
factor for the issuance of debt and the interest rates on those bonds depend
on this classification. The methodology applied by the agencies is based
on econometric models and opinion of financial experts.

With this work one intend to use the multivariate ordering classifica-
tion as a basis for credit risk in several countries. Ordering methods as
well as classification methods are studied with the same purpose. Pro-
cedures used will explore various concepts and classification of countries
will be carried out using supervised and unsupervised classifiers.

The data for each country are mainly economic and released by the In-
ternational Monetary Fund (IMF). The conclusions drawn from the study
will be later compared with the ratings assigned by Standard & Poor’s.

1 Introduction

Credit Rating has been a very important tool in the business world. Despite
appearing to be a concept of modern times, Credit Rating started in the 30s.
At that time, there were not any credit rating agencies but the concept was the
same, examine the accounts and assign a risk level to each industry, to which
the investor could predict what risk would be associated.

In the academic world this theme is also popular. Areas such as economics,
management, statistics and informatics are interested to propose methods to
improve the evaluation methods of the different countries and industries.

In this paper we explore the general concept of Credit Rating, explaining
what it is, who is able to assigned it and how it is achieved. We will focus
in Credit Rating associated with sovereign entities (Sovereign Credit Rating).
The Sovereign Credit Rating ,although similar to other Credit Ratings, has
some peculiarities that will be described later.

Later, we will explore the statistical methods that can be used in the as-
signment of ratings. Although these methods are important given its objective
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characteristic they are sometimes overlooked in favor of the alleged experience
and intuition of those responsible for allocating the rate for each country.

Credit Rating is evaluated by specialized agencies, called rating agencies or
financial rating agencies, which give a score according to the ”probability” of
infringement of the obligations of the business, government, among other enti-
ties. This assessment is usually between the categories AAA and D, AAA being
the best score (associated with low probability of default) and D considered the
lowest of the categories that currently refer to as “junk”, Mises (2010).

Sovereign comes from the word sovereignty that means having supreme au-
thority over a geographic area, such as a territory. Thus, the Sovereign Credit
Rating is a type of Credit Rating, which takes into account not only the eco-
nomic risk but also political risk.

Sovereign Credit Rating, as well as Credit Rating, is constantly updated.
These updates usually have significant effects on the increase or decrease in
interest rates, the investors confidence or the insurance premium. Consequently,
the assignment of ratings to a organization, such as countries, should be a task
with great responsibility and accuracy, since the consequences can prove to be
quite harmful to them.

Rating agencies evaluate companies, countries and individuals and gives
them a rate by their degree of solvency (creditworthiness). The audience would
be mainly private investors that would be interested in cheaper and accurate
information on debtors.

The three most important agencies of rating have headquarters in the United
States of America (USA) - Moody’s, Standard & Poor’s and Fitch. In Europe,
there are some agencies but with low market share.

2 Methodology

Statistical problems with only one variable in areas such as engineering, health,
finance, among others, are now rare. Therefore, multivariate data analysis is an
increasingly important area in Statistics, in particular the analysis of countries
economic data.

2.1 Multivariate ordination

Unlike univariate ordering, there is not a natural order in multivariate data, as
Kendall (1966), noted: “ order properties, . . . , exists only in one dimension”.
However, many univariate ordering concept have been used to create a Multi-
variate sort methodology. The most frequently used concepts are: center (eg
mean, median) and extremes.

Barnett (1976) discusses the issue of the multivariate data ordering and
presents some methods that categorizes into: marginal, conditional, reduced
and partial.

• Marginal ordering - In this ordering the sample is sorted by one or more
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components. This sorting is usually used when the aim is to study the
properties of the marginal distributions.

• Conditional ordering - Sorting is performed only based on the order of
one component. Data on other components are simply listed according to
the position of the component already ordered.

• Reduced ordering - With this sort, each multivariate observation is re-
duced to a single numerical value. This value is typically obtained through
a general metric. Usually, the mean, median or minimum are used as cen-
ter for the distance calculation. However, the center should be selected
based on the problem at hand.

• Partial ordering - This ordering is obtain by a cyclic process. First, is
found the initial convex hull (lower set of points that form a convex set
and contains all the points present in the initial data set). These points,
say Group 1, are then removed and a new convex hull is found (Group 2).
This process is repeated until all points are associated with a group.

2.2 Cluster analysis

The Cluster Analysis is the name assigned to the collection of mathematical
methods that aim to build clusters, such that all objects in a cluster are similar
among them, and as different as possible from the objects present in other
clusters. In general, one can say that there are two distinct ways of making
cluster analysis:

• Partitioning data conveniently. Generally, this type of analysis is per-
formed when it is known how to partition the data.

• Splitting data in a natural way. This is perhaps the most used in cluster
analysis and allows the nature perception of the data.

There are two classes of methods, partition methods and hierarchical meth-
ods.

The methods can be performed by hierarchical division or agglomeration.
This choice only depends on the preference of the user, that often prefers the
agglomerative algorithms. The representation of the hierarchical structure ob-
tain by these two procedures, separative and agglomerative, is usually done by
a two-dimensional graphic named dendrogram. The dendrogram shows how the
successive clusters are formed along the hierarchical process.

Unlike hierarchical methods, that work with the dissimilarities matrix, parti-
tion methods are non-hierarchical procedures applied to objects that work with
the data matrix. The most popular partitioning method is known algorithm
k-means.
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2.3 Principal Component Analysis

Principal Component Analysis, considered one of the most valuable application
of linear algebra, provides a reduction of data into a lower dimension , revealing a
often hidden dynamics. In general, this reduction leads to a representation of the
original data by compressing, reducing and transformation it. This technique
combines the essence of the variables through the creation of a new smaller set
of variables, only possible by creating a special coordinate system, Johnson and
Wichern (2007).

The vectors selected to be the new coordinate system are the principal com-
ponents that explain 80 to 90 % of the total variance of the original data. This
percentage ensures that not too much information regarding the original data
is lost, while reducing the number of variables to be studied.

The principal component analysis is, in general, a means to an end rather
than an end in itself. Principal components are often used as input to other
methods, such as cluster analysis, linear regression and regression trees. How-
ever, it can still be used as a technique for ordering multivariate data since if
only the first component is used, the data ordering comes down to order a set
of univariate ”data”.

2.4 Classification Methods

Classification is the problem of assigning category to an object among a set of
predefined categories. Thus, classification method is the process of determining
a decision rule, δ, application in Rp in {1, 2, · · · , C}, for classifying entities,
satisfying a certain optimality criterion. A decision rule, δ, leads to a partition
in l regions Rδ(1), Rδ(2), · · · , Rδ(C), such that Rδ(i) = {x ∈ Rp : δ(x) = i}, where
δ(x) = i means that the object x is assigned to the group Yi.

The K-NN method is widely used in various areas, from the classification of
galaxies to the allocation of bank credit, as it is based on learning by analogy,
i.e, assumes that if two objects are close then they have similar characteristics.

Given an object, this method generates a small volume of space variables,
where the radius is the distance of the kth nearest neighbor. The maximum
likelihood estimator of the probability of that object is in each class is given by
the ratio of the points of the training set, in this volume, belonging to each class.
Located the k nearest neighbors and their classes, the K-NN method assigns the
new observation to the class with the highest estimated probability, (Han and
Kamber, 2006). One of the biggest advantages of k-NN is that is very easy to
implement.

The logistic regression model arises by the desire to model the posterior
probabilities of groups, using linear functions and at the same time ensuring
that their sum is one and remain in the range [0, 1].

Logistic regression preserves the limits of the linear classification regions
and aims to produce, from a set of observations with continuous and/or binary
explanatory variables, a model that allows the prediction of values taken by a
categorical variable. In this paper, we seek models that can classify a problem
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with multiple categorical classes. These models have by name: polytomous
logistic regression models and the following were studied in this work, Logistics
with Nominal Response and Logistics with Ordinal Response.

Decision trees models, as the name suggests, are represented by a tree. A
general algorithm for the construction of a decision tree model is presented.
Note that the separation criteria as well as cutting are essential to obtaining
good results.

Generalized algorithm of decision trees:

1. Create a node, v ;

2. If all elements of the data set (training) belong to the class c, then the
node v is a leaf that assigns the class c; Otherwise:

(a) Find the variable with the highest value associated with splitting
criteria;

(b) Assign the selected variable to the node;

(c) Repeating the previous steps;

(d) If necessary, prune the decision tree generated.

The C4.5 algorithm was created by Ross Quinlan. This model was an update
of another algorithm, ID3, which for many years was the most widely used
algorithm for building decision trees and also created by Quinlan (1986). The big
difference between the various decision trees building algorithms is essentially
the choice of the splitting criteria and the decision to prune or not the tree.

Unlike classical tree algorithms, Random Forest (RF) is not defined by its
splitting criteria or pruning procedure. The RF is a different method for con-
struction decision trees, and an efficient and a good classifier, (Rokach and
Maimon, 2008). RF creates a series of simple trees, each with the capacity
to produce a prediction. After the creation of these trees, a new object will be
classified by all simple trees and the final classification will be given by the most
frequent prediction.

The discriminant analysis is a multivariate technique that is meant to de-
termine functions of the variables that best distinguish, or discriminate, classes
to which the objects belong.

The discriminant function is based on the probability distribution of the
objects belonging to each class. When populations follow a normal distribution
and the covariance matrices of the several classes (groups) are equal, then the
optimal classification regions are linear, linear discriminant. If the covariance
matrices of the various groups are distinct, the optimal separation surface is
quadratic, quadratic discriminant.

3 Preliminary Analysis of the data

The data used in this study comes from the International Monetary Fund (IMF)
available ans it is available online. This institution conducts and publishes twice
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a year the World Economic Outlook (WEO). The WEO is a report containing
analysis and projection of most economic systems worldwide.

The data used in this work is from September 2011. The original database
had 46 variables and 115 countries. However, after an exhaustive study, only
11 variables that reflect the economic situation of a country were chosen.

The ratings of each country were obtained from the rating agency, Standard
& Poor’s. There are seventeen possible classifications.

Many of the variables will be based on the Gross Domestic Product (GDP)
of each country. Others in percentage change from one year to another or
monetary value measured in U.S. Dollars.

The variables chosen are: GDP at Constant Prices, Inflation, Imports, Ex-
ports, GDP Per Capita, Balance, Investment, Savings,Income, Costs and Debt.

A descriptive oriented analysis was conducted with several variables. The
combinations between variables were studied and some of the conclusions were:

• countries with better ranking have a higher GDP per capita than countries
with lower rankings;

• the three countries that save the most have ratings of AAA and AA while
the three of the least spared have ratings of B, B- and CC;

• most countries have a very high debt in relation to GDP;

• the majority of countries have more expenses than revenues;

• the balance of most countries are close to zero but the U.S.A. stands as
an outlier with balance of 470 billion dollars negative.

4 Application and Results

The first methods of multivariate ordering studied were given by the Maha-
lanobis distance using the mean, median and minimum. Followed by the ordi-
nation of the first principal component of standardized data and transformed
data. The final results of applying these methods were indeed inconclusive. The
associated tables did not provide much guidance on the practical results.

With two or three variables, the convex hull provides a very powerful visu-
alization tool. Having eleven variables visualization is impossible. However it is
possible to analyze the results. In each of the convex, except the last, we find
countries with great ranking as well as bad. We can thus, conclude that exist
distinct areas for good as well as bad classification. For future work the sug-
gestion relies on finding conditions and restrictions associated with the eleven
variables in order to classify countries more competently.

The method chosen to split in clusters the data of the problem at hand
was Ward’s method because it was the utter and Euclidean distance was the
distance chosen. For better visualization of the data six histograms were created
representing the number of countries classified in different classes by the method
of Ward.
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In Figure 1 we can observe that the number of classifications in three of
the six clusters. It is noted that the countries are well sorted. In the 2 and 3
cluster we can observer that the majority of countries have good classification
exception made by two countries with B and BBB rates that represent outliers.

Another method studied was the k-means. Because there is not any kind of
predefined graphical representation, the results were equally represented across
six histograms. The results were shown very similar to the results of clustering
with the Ward method.

Due to some class does not possess enough observations, the classification
variable were grouped generating only six since instead of eleven. We present
in 1 the estimated probability of methods applied to the data of problem.

The method RandomForest is the one with the higher estimated probability
in most cases.

The Ordinal Logistic with stepwise method can be considered second best to
be applied to this problem. As can be seen this method improves when sampling
is lower being the best rating method when the training set is small.

The fact that in both methods, Ordinal logistic and QDA, there are some
values missing is due to the reduced number of samples in the training set for
some variables.

5 Conclusions

Sovereign Credit Rating and Credit Rating classification measures are extremely
important in the financial world. The rating is assigned by rating agencies that
take advantage of the statistical methods as well as other factors, including
political and social.

The aim of this work was to understand how the ranking of countries can
be described in terms of credit quality. Thus, several methods of multivariate
statistics were applied to a data set provided by the International Monetary
Fund. However, the obtained results were not similar with the ones given by
the rating agencies.

Initially, the classification of countries was carried out in an unsupervised
way, without considering the class in which the countries were. Sorting and
grouping methods were not able to give any relevant information of how the
rating agencies models are constructed. This result was expected since the
models are not only based on quantitative financial values.

Were subsequently applied classification methods, essentially to grasp if
countries that have the same classification, share or not, the same character-
istics. Contrary to what one would expect, there are countries that have high
rates but which have characteristics similar to countries with less good ratings.

Although they have been studied several models for assigning a value to the
creditworthiness of a country, there is still work that can be done. The inclusion
of variables that reflect political state of the sovereign countries is also a factor
to consider in future work.
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Figure 1: Graphical representation of the number of countries in three of the
six clusters created by the Ward method with Euclidean distance.

Table 1: Cross validation results.

100% 90% - 10% 75% - 25% 50% - 50%
K-NN 0.64 0.33 0.36 0.35
LDA 0.55 0.25 0.36 0.38
QDA 0.91 - - -
Logstica Ordinal 0.58 0.25 0.21 -
Logstica Ordinal c/ stepwise 0.56 0.5 0.29 0.52
RandomForest 1 0.5 0.39 0.46
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