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TIME TO DEFAULT ANALYSIS
IN PERSONAL CREDIT SCORING

Summary: Credit scoring is a technique mainly used in making consumer credit decisions.
Traditional credit scoring systems aim to estimate the probability that an applicant will
default. However, for the financial institution, not only if but also when the creditor defaults
is important. The aim of this paper is to analyse the usefulness of survival methods,
especially the Kaplan-Meier estimator, in the process of making decisions of credit granting,
as well as in monitoring credit portfolios. The focus is put on the differences in the influence
of particular characteristics used in scoring models on the probability of default and the
probability of early repayment during credit life-span. The survival analysis approaches to
credit scoring were tested on 60-month personal loan data from one of the Polish financial
institutions. All loans were observed until 24 months after inception, or until default or
earlier repayment if one of these happened earlier. In the first part of analysis, early full
repayments qualified as censored data, and in the second as failures.

Keywords: Credit scoring, survival analysis, Kaplan-Meier estimator.

DOI: 10.15611/pn.2015.381.38"

1. Introduction

Credit scoring is a technique mainly used in making consumer credit decisions.
Traditional credit scoring systems aim to estimate the probability that an applicant
will default. However, for the financial institution it is important to consider not only
if but also when the creditor defaults. With an increasing number of repaid
instalments the loss of the lender decreases. If the time of default is long, the
acquired interest will compensate or even exceed the value of credit [Stepanova,
Thomas 2002]. Most creditors fully repay the loan, so default will never occur for
them.

Such an approach to credit risk has a lot in common with survival analysis. In
survival analysis, interest centres on a group of individuals for each of whom there is
a defined point, an event called failure, occurring after a length of time, which is
called the failure time. Failure can occur once at most for any individual [Cox, Oakes
1984]. Narain [1992] first introduced survival analysis methods to credit scoring. He
applied a proportional hazard model to loan data. Since then, several research studies
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have been carried out on this topic. Banasik, Crook and Thomas [1999] applied three
types of proportional hazard models and accelerated life models to loan data and
compared the results with regression scorecard approaches. They also considered
competing risk approaches to loans, assuming that there are two reasons for
repayment schedule interruption: defaults and early repayments. Stepanova and
Thomas [2001] explored different applications of proportional hazard models to
behavioural scoring. They used survival probability profiles of customers to calculate
the expected profit from a loan. In an article published in 2002, these authors focused
on competing risk issues. They proposed the method of coarse classifying variables
with the use of Cox’s proportional hazard models with binary variables. They proved
that this method is more appropriate when using survival analysis modelling than
traditional approaches. They also underlined the necessity of separate splits for every
type of failure considered [Stepanova, Thomas 2002]. Mavri et al. [2008] suggested a
two-stage dynamic credit scoring model; while Cao, Vilar and Devia [2009] applied
GLM under censoring and a nonparametric kernel method to estimate the default
probability. A review of the improvements in credit modelling techniques was
offered in [Thomas, Oliver, Hand 2005] and [Marques, Garcia, Sanchez 2013].

The aim of this paper is to analyse the usefulness of the survival method,
especially the Kaplan-Meier estimator of survival function, in the process of making
decisions about credit granting, as well as in monitoring of credit portfolios. The focus
is on the differences in the influence of particular characteristics used in scoring
models on the probability of default and early repayment during credit life-span.

2. Theory of analysis of lifetime data

Let T be the random variable representing time until failure. The cause of failure
could be default or early repayment. In the first part of the analysis, time is estimated
until default, assuming time until early repayment is censored. In the second part,
time until early repayment is a failure, while time until default is censored.
Therefore, survival analysis will be performed separately on both types of failures.

Time-to-event is described by a survival function, the probability of an entity
surviving beyond time ¢. It is defined as

S@)=P(T >1).
When T is a continuous random variable, the survival function is a continuous,
strictly decreasing function [Klein, Moeschberger 1997, p. 22].

The standard estimator of the survival function is the product limit estimator
proposed by Kaplan and Meier [1958]. It is defined as

1 <y

S = H(l—%) 1>t

1<t



Time to default analysis in personal credit scoring 529

where: d; — a number of events at time #; /; — a number at risk at time ¢ [Klein,
Moeschberger 1997, p. 84].

The graphical presentation of the KM estimator is a step curve that starts with
a horizontal line at a survival probability of 1, and then steps down to the other
survival probabilities to follow ordered failure times. The KM estimator is based on
an assumption of non-informative censoring, which means that knowledge of
a censoring time for an individual provides no further information about this entity’s
survival at a future time, should the individual continue the study [Klein,
Moeschberger 1997, p. 91].

To determine whether there is a significant difference between two or more
survival curves, one can test the hypothesis. The hypothesis tests on the equality of
Kaplan-Meier curves can be conducted using one of the several available statistical
tests designed for this purpose, but the most commonly used is a log-rank test [Suciu,
Lemeshow, Moeschberger 2004, p. 252]. The null hypothesis is that all survival
curves are the same. If the number of groups (k) being compared is more than two,
the log-rank statistic has asymptotic chi-square distribution with k¥ — 1 degrees of
freedom. The mathematical formula of the test statistic can be found in [Kleinbaum,
Klein 2005, p. 82]. The computer package used in empirical analysis uses Mantel’s
procedure to calculate test statistics. First, a score is assigned to each survival time;
next, a chi-square value is computed based on the sums (for each group) of this
score. If only two groups are specified, then this test is equivalent to Gehan’s
generalized Wilcoxon test. The characteristics of this test can be found inter alia in
[Jurkiewicz, Wycinka 2011, p. 107-114].

3. Data set

The survival analysis approaches to credit scoring were tested on 60-month personal
loan data from one of the Polish financial institutions. The data consisted of
application information for 5000 loans accepted in the period of the following six
months. All loans were observed for 24 months or until failure. The failure was
default or earlier repayment. The default was defined as 90 days’ lateness in payment
of instalments.

The initial characteristics included information about the creditor such as, age,
marital status and residency type, as well as about the loan: the purpose of the loan
and its capacity. Altogether, 15 characteristics have been taken into account. They
have been coded by letters: Xj, ..., X;s.!' In the first step, the application

' Due to the know-how of the financial institution that shared data for the purposes of this
research, detailed information about the creditors and characteristics used in analysis was encrypted.
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characteristics were split into attributes.” The continuous variables were subdivided
into fractiles. Then K-M curves were plotted for each fractile. Groups with the most
similar curves were connected. In categorical variables, attributes with few units
were joined to similar ones. Then, on the basis of the shape of survival curves, the
number of groups was reduced by putting together those with similar curves. An
example of such a procedure for variable X, is presented in Figures 1 and 2. Figure 1
shows K-M curves for 10 groups of values created after connecting small attributes
with similar ones.

O default + censored

1,00 |

0,98

0,96

0,94

0,92

0,90

Survival probability

0,88

0,86

0,84

= —=Group 7
0,82 . s + " —Group 8

months Group 10

Figure 1. Kaplan-Meier curves for initial groups of X}, variable

Source: own elaboration.

On the basis of the shape of the survival curves in Figure 1, groups 1, 9 and 10
were connected into one new group, and the rest of the groups were connected to the
second group. Finally, there were two groups with significantly different survival
curves (Figure 2). The second group is at high risk of default and the first group is at
low risk.

2 Classic methods of coarse classification of the characteristics are described in [Thomas,
Edelman, Crook 2002]. In this article, the author proposed their own method of classification based
on K-M estimators.
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© default + censored

0,98

0,96

0,94 +

0,92

Survival probability

0,90 +

0,88

0,86

0,84

0 5 10 15 20 25 —Group 1
month Group 2

Figure 2. Kaplan-Meier curves for ultimate groups of X}, variable

Source: own elaboration.

4. Default and early repayment as failures

In the data set, there were 2274 creditors (45.5%) who repaid all 24 instalments and
were active creditors; 297 creditors (5.9%) who defaulted during the first 24 months;
and 2429 creditors (48.58%) who repaid the credit earlier during this time. The
default and early repayment were treated as failures and analysed separately. In the
first part of the analysis, the default was treated as a failure and the early repayments
as censored data. In the second part, the early repayments were considered failures
and the defaults were considered censored observations.

Time to default was treated as a non-negative continuous variable. Its distribution
was described by a survival function. The product limit estimator (Kaplan-Meier
estimator) was used to estimate the probability of not defaulting until a particular
time (Figure 3).

Figure 3 shows that the risk of default increases in the last months of observed
time (increasing steps of the curve). The survival function of the early repayment risk
is shown in Figure 4.
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O default + censored

1,00

0,98

0,97

0,96

Survival function

0,93

0,92

0,91

months

Figure 3. Kaplan-Meier curves for the risk of default

Source: own elaboration.

O early repayment + censored

0,9

0,8

0,7

Survival function

0,6

0,5

04

months

Figure 4. Kaplan-Meier curves for risk of early repayment

Source: own elaboration.

The risk of the repayment seems to be higher in the first months of the credit
span.
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K-M curves were also drawn for creditors with different characteristics.” With
the use of significance tests for survival curves, the differences in the influence of
these characteristics on the probability of default in the following months of the
credit span can be shown (Table 1).

Table 1. The application characteristics and the significance of their predictive power on the risk
of default and early repayment

A Default as a failure Early repayment as a failure
Vari nur(l)lfber r?u roAu roAu r?u
able | ribute oo | pvalue ofthe | of the | C | povalue ofthe | of the
S quarerz highest | lowest square/z highest | lowest
risk risk risk risk
Xi 4 11.897 0.0078 1 3 4.413 0.2202 1,2,3 4
X5 4 19.230 0.0003 1 3 11.509 0.0093 1 4
X; 4 21.057 0.0001 4 3 20.355 0.0001 3 4
X4 6 159.650 | <0.0001 2 6 29.221 | <0.0001 4 1
Xs 5 48.700 | <0.0001 1 4 14.325 0.0063 2 1
Xs 3 40.460 | <0.0001 2 1 15.157 0.0005 3 1
X7 3 5.870 0.0531 1 2 6.311 0.0426 3 1
Xz 2 —1.855 0.0636 1 2 0.685 0.4930 2 1
Xo 4 18.343 0.0004 2 4 13.873 0.0031 4 2
Xio 4 17.476 0.0002 1 3 7.885 0.0485 1 3
Xii 2 —2.940 0.0033 1 2 3.477 0.0005 2 1
X2 2 —-5.560 | <0.0001 1 2 —0.691 0.4897 1 2
Xis 2 —4.258 | <0.0001 1 2 0.534 0.5937 2 1
X4 2 2.156 0.0311 1 2 —0.289 0.7792 2 1
Xis 2 -1.639 0.1012 1 2 -3.018 0.0025 1 2

* Log-rank test (chi-square) for variables with more than two attributes and Gehan test (z) for
dichotomous variables.

Source: own elaboration.

Twelve of the variables were significant predictors of default (at significance
level 0.05). The numbers of attributes with the lowest and highest risks are given in
Table 1. The right-hand part of the table includes significance tests for survival
curves drawn for early repayment as a failure. The attributes of the variables were the
same as in the first part of the analysis, which allowed the comparison of the results.
Only 10 of the variables proved to be significant predictors of early repayment. It is
worth mentioning that not all of these variables were significant predictors of default.
For variables Xjp and Xi,, the same groups of attributes indicate, respectively, the
highest and the lowest risk of default and early repayment. However, for the

3 Due to limited space in this article, only selected curves were included. The values of
significance tests for all of the characteristics are presented in Table 1.



534 Ewa Wycinka

variables X, Xs, X7, Xs, Xo, X11, Xi3, X14, the attributes that were the highest risk of
default proved to be the lowest risk of early repayment. Moreover, as shown in
Figure 5, variables should be split in different ways for predicting the risk of default
and early repayment.

o default censored o early payment censored

1,00

—Group 1

0,98 09

0,96 08

Survival probability
1S
©
R

Survival probability
o
~

o
©
N

o

=)

0,90 05

04

0,86 03

Figure 5. Kaplan-Meier curves for attributes of X3 variable showing probability of not defaulting
or repaying early, respectively

Source: own elaboration.

On the left-hand side of the graph, there are four groups with different curves
showing the probability of survival until the time of default. For the risk of early
repayment (the right-hand side of the graph), groups 1-3 do not differ significantly
and should be aggregated. Finally, for the risk of early repayment, there should be
only two different groups (attributes).

5. Conclusions and further research

Survival analysis techniques as approaches to credit scoring have many advantages
in comparison with a classic approach. First of all, in the classic approach, units that
cannot be interchangeably classified to the group of good or bad creditors, e.g., early
repayments, have to be removed from the sample. In the survival methods, the
information about such creditors is included in the analysis. Moreover, it is possible
to evaluate the probability of early repayments in the following months and to
identify the characteristics of the creditors more likely to repay credit earlier. In some
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credit portfolios, the share of such creditors is high, so it has an influence on the
profit of the lender.

In the empirical analysis of loan data, it was shown that the group of early
repaying creditors differs, according to the application characteristics, from the group
of creditors who defaulted. The same conclusion was drawn by Stepanova and
Thomas [2002] using Cox models in the coarse classification of the creditors.

The Kaplan-Meier estimator proved to be an effective tool both in classification
of variables and in predicting the probability of not defaulting and repaying early.
With the use of the K-M estimator, a lender can evaluate the number of defaults, and
with knowledge of characteristics of new clients, he or she can evaluate the number
of defaults and early repayments in the consecutive months of a credit span. It is,
therefore, an important contribution to profit scoring.

Further analysis of these data should include the usage of regression models such
as the Cox semi-parametric model and accelerated model. The specific character of
the default modelling approach is that there is a high rate of censored data. In the
analysed sample, only 5.9% of observations were completed. The robustness of the
proposed techniques for such a structure of data should be analysed. Another
important issue is the assumption of non-informative censoring. If this assumption is
violated, the K-M estimator and abovementioned regression models can be biased. In
such a situation, the techniques devoted to competing risks should be applied. The
cumulative incidence of an event can better predict the probability of competing risks
than the K-M estimator. These problems will be analysed in the author’s further
research.
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ZASTOSOWANIE ANALIZY HISTORII ZDARZEN
W SKORINGU KREDYTOW UDZIELANYCH
OSOBOM FIZYCZNYM

Streszczenie: Skoring kredytowy jest metoda wykorzystywana w procesie podejmowania
decyzji o udzielenie kredytu. W tradycyjnym podejsciu celem modelu skoringowego jest
okreslenie prawdopodobienstwa, ze kredytobiorca zaprzestanie splat kredytu. Dla instytucji
kredytowej wazna jest jednak nie tylko informacja, czy kredyt nie zostanie splacony
w caltosci, ale rowniez to, ile rat zostanie wczesniej zaptaconych. Im pdzniej nastapi
przerwanie splat, tym mniejsza strat¢ poniesie kredytodawca. Celem artykutu jest zbadanie
uzytecznosci metod analizy przezycia przy podejmowaniu decyzji o udzielaniu kredytu oraz
przy monitorowaniu szkodowosci portfela kredytow. Cze$¢ empiryczng badania
przeprowadzono na probie pieciu tysiecy 60-miesigcznych pozyczek udzielonych przez
jedna z polskich instytucji finansowych w ciagu kolejnych szesciu miesigcy. Kazda
pozyczka byta obserwowana przez okres 24 miesigcy od jej udzielenia, chyba ze jej splaty
zostaly wczesniej przerwane. Jako zaprzestanie splat przyjeto co najmniej 90-dniowe
opdznienie w splacie wymagalnej raty. Catkowita wcze$niejsza splata byta traktowana jako
obserwacja cenzurowana. Czas do zaprzestania sptat kredytu jest nieujemna ciagla zmienna
losowa, a jej rozktad zostal opisany za pomoca funkcji przezycia. Do oszacowania tej
funkcji wykorzystano estymator Kaplana-Meiera. Krzywe estymatorow zostaly wyznaczone
dla grup pozyczkobiorcéw wyodrgbnionych na podstawie analizowanych charakterystyk.
Wykorzystujac testy zgodnosci krzywych przezycia zidentyfikowano charakterystyki
pozyczkobiorcow, ktore istotnie roznicuja prawdopodobienstwo splaty pozyczki.

Stowa kluczowe: modelowanie ryzyka kredytowego, analiza przezycia (analiza historii
zdarzen), czas do zaprzestania splat kredytu.





