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ABSTRACT. Mortgage loans for home purchase require careful analysis by all parties involved in the
transaction, and credit-scoring is usually adopted to assist the decision process. From a credit insti-
tution standpoint, credit-scoring for mortgage loan risk evaluation becomes even more important in
scenarios of economic turbulence and recession, primarily because of the severe restrictions imposed
on credit availability that result from reduced access to both money and debt markets and subsequent
decreasing liquidity. Employing an AHP — Analytic Hierarchy Process — based approach in the credit-
scoring system used by one of the major banks in Portugal, this study proposes a methodological
framework conceived to adjust trade-offs among evaluation criteria and provide decision makers with
a more transparent mortgage risk evaluation system. Practical implications of our framework are also
discussed.
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1. INTRODUCTION

Different interlinked factors have been responsi-
ble for dramatically changing the current economic
conjuncture worldwide. Directly or collaterally, the
recent United States’ subprime has been identi-
fied as the major cause for the declining values
of real assets in many markets (cf. Yeager 2011;
Kowalski, Shchmurove 2011; Puri et al. 2011; Wu
2012; Xiao-yan et al. 2011; Beltratti, Stulz 2012).
For this particular reason, the relationship among
financial and real estate markets, respective evo-
lutionary trends and mortgage lending have been
accompanied and/or studied with particular inter-
est. This view seems to be further supported by

* Corresponding author. E-mail: fernando.alberto.ferreira@iscte.pt or
fernando.ferreira@memphis.edu

Akhigbe and McNulty (2011: 532), who state that
“the financial crisis of 2007-2009 was caused in
part by weak incentives and poor lending decisions
(...) in mortgage lending”. In addition, because the
purchase of a home is generally the largest invest-
ment for most households, together with the fact
that most families fail to have the capital avail-
able to purchase a residence, mortgage in the form
of bank lending is the most common solution for
home acquisition. However, the current economic
and financial conditions show not only increasing
individual and corporate taxes, a generalized re-
duced employment rate and salary reductions but
also reduced access to money and to medium- and
long-term debt markets, leading banks to impose
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severe restrictions on access to credit. Consequent-
ly, each mortgage loan requires careful analysis by
all parties involved in the decision process (e.g. in-
dividuals, families, credit institutions) and, under
this scenario, “credit scoring benefits both lenders
and borrowers” (Avery et al. 2004: 854).

In response to periods of economic turbulence
and inherent decreasing liquidity, banks have de-
veloped sophisticated credit-scoring risk systems
with the aim of “better quantifying the financial
risks they face and assigning the necessary econom-
ic capital” (Lopez, Saidenberg 2000: 152). Based
on this premise, significant improvements have
occurred in terms of risk modeling (for a survey
of developments and/or a generalized discussion,
see Altman, Saunders 1997; Scarpel, Milioni 2002;
Costa, Baidya 2003; Jacobson, Roszbach 2003;
Avery et al. 2004; Yurdakul, I¢ 2004; Crook et al.
2007; Chikolwa, Chan 2008; Sustersic et al. 2009;
Xu, Zhang 2009; Yu et al. 2009; Twala 2010; Wang
et al. 2011) and, for the reasons presented above,
mortgage lending risk evaluation has become in-
creasingly important in the field of finance. Nev-
ertheless, as shown in the literature (e.g. Altman,
Saunders 1997; Lopez, Saidenberg 2000; Doumpos,
Zopounidis 2001; Doumpos et al. 2002; Thomas
2009; Twala 2010), the progress achieved over the
years does not mean that the current methodolo-
gies are without limitations and the need to devel-
op more accurate credit-scoring systems has been
put to rest. For example, particular emphasis has
been given to the lack of transparency in the way
trade-offs among evaluation criteria are made ex-
plicit (cf. Ferreira et al. 2011a). Thus, considering
that MCDA — Multiple Criteria Decision Analy-
sis — has proved over the years to be extremely
effective in transparently incorporating multiple
considerations into a decision making framework
and in handling trade-offs among evaluation cri-
teria (cf. Saaty 1980; Belton, Stewart 2002; Bana
e Costa et al. 2005; Saaty 2008; among others),
it is our belief that there is considerable scope to
explore the applicability of MCDA techniques in
the particular context of credit risk evaluation of
mortgage loans, a topic which, following Mari and
Reno (2005: 92), “is quite neglected in the financial
literature”.

In this paper, we analyze the internal system
for assessing the credit risk in mortgage lending
used by one of the largest banks in Portugal, and
we employ an AHP — Analytic Hierarchy Process —
based approach in a structure of evaluation criteria
previously defined by the bank’s administration. It
should be highlighted that several drawbacks can

be identified in the current credit-scoring process,
such as the way evaluation criteria are selected
and/or made explicit. However, these limitations
fall outside the scope of our study and, thus, will
not be discussed here. On this basis, our empirical
application aims to examine the potential value of
the AHP approach in readjusting trade-offs among
evaluation criteria, providing a better basis for the
justification and explanation of decisions regard-
ing mortgage lending and, ultimately, leading to
a fairer mortgage risk evaluation system. To the
best of our knowledge, this is a novel approach in
the mortgage risk evaluation literature.

The paper proceeds as follows: the next section
reviews existing literature on mortgage lending
economic relevance. Section 3 describes the current
credit-scoring system of the bank under analysis.
Section 4 presents the methodological background
and discusses the AHP-based proposal in terms
of trade-offs readjustment, respective advantages
and disadvantages. Finally, the paper concludes
with section 5.

2. MORTGAGE LENDING ECONOMIC
RELEVANCE

Before the discussion on credit-scoring systems for
mortgage loan risk evaluation, it seems opportune
to discuss the economic importance of mortgage
lending. In this sense, and as previously high-
lighted, home acquisition is generally the largest
investment for most households, and because most
families possess only a portion of the capital need-
ed to buy a house, bank mortgage loans are the
most typical (and perhaps easiest) solution. There-
fore, mortgage lending has stimulated the economy
over the years, and different interlinked reasons
support this premise. Among these, it should be
underlined that: (1) mortgage lending allows the
expansion of financial services by supporting the
development of the housing construction industry,
which, in turn, supports the expansion of related
business activities; (2) as result of the economic
expansion, mortgage lending contributes to higher
job growth rates and stimulates increased house-
hold consumption; and (3) mortgage loans increase
money circulation among people, which, under
wealth-generating economic conditions, contrib-
utes significantly to the country’s GDP — Gross
Domestic Product (for further details, see Lima et
al. 1995; Mari, Reno 2005; Kajimo-Shakantu, Ev-
ans 2006).

According to Mari and Reno (2005: 83), “the
market for mortgage loans is of primary impor-
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tance in any developed country, and its quality is
directly connected to the quality of the whole econ-
omy”. From this premise we conclude that, under
wealth-generating economic conjunctures, mort-
gage lending has positive effects on the country’s
economy because it allows unemployment reduc-
tion, boosts productivity, increases money circula-
tion and generates greater economic wealth (for
further discussion, see also Lima et al. 1995; Ka-
jimo-Shakantu, Evans 2006). Nevertheless, recall-
ing Mari and Reno (2005), it should be taken into
account that the relationship between mortgage
lending and the country’s economy is based on a
reciprocal influence. This means that mortgage
lending has no positive effects in slumping econo-
mies and, because of the generalized decreasing
liquidity, mortgage loans should be analyzed with
proper reservation.

2.1. Mortgage loan risk evaluation

Considering the decreasing liquidity and reduced
access to both money and medium- and long-term
debt markets that have been characterizing the
current economic and financial conjuncture, mort-
gage loan risk evaluation is both a complex pro-
cess and a very challenging undertaking. Based
on this premise, banking institutions have been
doing their best to develop effective ways of better
quantifying the financial risks they face in each
lending decision. In this context, a wide range of
internal rating systems for credit-scoring has been
developed in banking practice and can be found in
the literature (for details, see Mari, Reno 2005). It
seems important to bear in mind, however, that
most of the credit-scoring systems developed for
mortgage loan risk evaluation consider several
administratively pre-established weighted crite-
ria, which are the basis of the evaluation process
and aim to support the final decision. Therefore,
the development of internal rating systems is par-
amount for providing evidence in terms of credit
decision support.

2.2. Internal rating system for credit-scoring

As outlined previously, credit-scoring represents
the basis for loan approval, and “banks assign in-
ternal credit ratings to appraise the creditworthi-
ness of their borrowers” (Grunert et al. 2005: 509).
In this sense, banks’ use of internal credit ratings
have multiplied worldwide over the past decades,
aiming to measure the risk of each credit trans-
action. The Portuguese financial and banking in-
stitutions are no exception and, in the particular

context of mortgage lending, the most common
evaluation criteria in the mortgage scoring systems
include: (1) LTV - loan-to-value —, which balances
the funding with the guarantee associated to the
credit operation; (2) rate of effort, which represents
the customer’s capacity for paying the loan; (3) de-
gree of involvement, which assumes a cross-selling
perspective and provides information on the client’s
involvement with the bank (e.g. information on
bank account average balance, existence of finan-
cial investments, credit cards and/or other existing
banking products); (4) household, which provides
information on the funds available to meet the
primary needs of the client; (5) professional sta-
tus, which considers knowledge of the client’s cur-
rent employment situation; and (6) customer’s age,
which is considered a key factor for the credit insti-
tution and for the insurance company that provides
the guarantee. A more or less complex analysis of
the above criteria results in either a “favorable” or
“unfavorable” lending decision.

The mortgage scoring systems in Portugal tend
to be standardized and the outcomes of each credit
risk analysis are usually based on a scale ranging
from “1” to “10” (i.e. “1” represents a very low-risk
operation; “10” represents an extremely high-risk
operation — this credit-scoring system is further
explained in section 3), which also helps to deter-
mine the interest rate spread for each borrower. As
a result of the precarious situation of the financial
markets and all consequences associated in terms
of decreasing liquidity, it becomes imperative for
the banks’ survival to impose severe mortgage
lending underwriting requirements. These require-
ments include, among many others, the adoption
of long term loans and reductions of the LTV and
rate of effort. Under this scenario, the associated
spreads and indexed rates are also high, and often
unaffordable to most potential borrowers.

3. THE CURRENT CREDIT-SCORING
SYSTEM

As briefly mentioned in the previous section, the
mortgage scoring systems in Portugal tend to be
standardized and based on a continuous scale. This
typically ranges from “1” to “10”, where a credit
approval occurs when credit scores are between
“1” and “5”, and a credit refusal takes place when
scores are higher than “5”. It should be highlight-
ed, however, that a potential borrower may score
“1” and present very low-risk, but if for any reason
the bank gets suspicious that s/he will not respect
the required commitments, then the mortgage loan
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can be refused. Additionally, it should be clarified
that the final outcome of a mortgage loan risk eval-
uation is usually a composite score, which is also
known as overall score. The overall score is calcu-
lated through a weighted average of the partial
scores obtained for each of the evaluation criteria
taken into consideration in the risk assessment.
Partial scores are based on a discrete scale rang-
ing from “1” to “10” (cf. Appendix 1). The weights
of the criteria reflect their relative importance and
are usually defined by the bank’s administration.
In this sense, a very low-risk credit operation is as-
sociated to “1”. Contrarily, an overall score of “10”
represents an extremely high-risk credit operation.
Overall scores strictly below “5” should support a
credit approval. On the other hand, overall scores
above “5” should support a credit refusal.

3.1. Criteria and weights considered

Banking institutions frequently innovate and mod-
ify the modalities of mortgage loans. Nevertheless,
a battery of informal interviews with directors from
the five largest banks in Portugal allowed us to
conclude that the calculation of the risk associated
with each mortgage loan usually relies on similar
criteria. One of the interviewees, whose name has
been kept confidential upon request, was particu-
larly important in assisting us to understand how
the composite scores result from the evaluation cri-
teria and, specifically, to identify those criteria and
respective trade-offs. Table 1 presents information
on the criteria included in the mortgage risk evalu-
ation system used by one of the top-five banks in
Portugal, which has been provided under condition
of anonymity.

As can easily be observed in Table 1, the bank
currently uses fourteen different criteria to assess
mortgage lending, with the three most important
criteria being LTV, rate of effort and responsibilities
in BP — Banco de Portugal — (Portuguese Central
Bank after translation). Nonetheless, one of the in-
terviewees (the director who provided us with the
data) emphasized that the current weights do not
adequately represent the relative importance of the
criteria as perceived by the risk assessment experts
operating in some of the branches, which some-
times results in incoherent decisions. For example,
loan applications can be refused in spite of achiev-
ing overall scores below 5. In order to prevent these
incoherent decisions, it was felt by the group of ex-
perts involved in the study that the weight of some
criteria (e.g. responsibilities in BP, cross-selling
and existence of guarantors) should better reflect
the values held by the credit-scoring experts. In

Table 1. Criteria and respective weights

Criteria Weights %
Profession 12.00
Employment situation 8.00
Marital status 3.75
Age 2.50
Household 3.75
Cross-selling 10.00
Deposit portfolio 2.50
Average balances 2.50
Rate of effort 15.00
Responsibilities in BP 15.00
LTV 15.00
Existence of guarantors 5.00
Economic situation of the country 2.50
Political situation of the country 2.50

Source: Administrative information.

addition, it was also felt that some weight flexibility
regarding the different criteria should be allowed
across the country in order to capture idiosyncra-
sies of different geographic regions. As a result, it
seems important to identify the major drawbacks of
the current credit-scoring system. This will assist
us in clarifying the evaluation mechanisms and,
hopefully, introduce transparency in the process.

3.2. Limitations of the current
credit-scoring system

As outlined before, the credit-scoring system for
mortgage loans risk evaluation used by one of the
largest banks operating in Portugal is not without
its own limitations, and those limitations contrib-
ute to possible inconsistent conclusions that should
be analyzed. According to the director who assisted
us in understanding the process, different types of
criticism can be pointed to the credit-scoring sys-
tem currently in use by the bank. Among them, the
following should be underlined: (1) “the system is
unable to consider behavioral criteria” (quoting the
director); (2) the weights are administratively pre-
defined, but there is no prior knowledge of how the
process is established, which makes it difficult to
comprehend some of the decisions, due to the lack
of transparency and/or rationality; and (3) consid-
ering that trade-offs among criteria are common to
all bank branches, the possibility of inappropriate
weighting becomes real because of the differences
among geographic areas.

Starting out from these considerations, it should
be clarified that the definition of new evaluation
criteria falls outside the scope of this paper. As pre-
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viously stated, considering that MCDA has proved
over the years to be extremely effective in trans-
parently incorporating multiple considerations into
a decision making framework and in handling
trade-offs among criteria, it is our belief that there
is considerable scope to explore the applicability of
MCDA tools in the context of credit risk evaluation
of mortgage loans. From this perspective, the fol-
lowing section describes how an AHP-based process
can be applied in order to allow trade-offs readjust-
ment among evaluation criteria, while considering
the professional experience of bank experts. We
believe that our process-oriented framework will
result in a fairer and more transparent mortgage
loan risk evaluation system.

4. METHODOLOGICAL FRAMEWORK

4.1. Basics of the Analytic Hierarchy
Process

As indicated in the previous sections, credit risk
analysis of mortgage loans implies taking into ac-
count several criteria and analyzing decisions with
transparency. From this perspective, the risk eval-
uation process of mortgage lending can profit from
the application of MCDA tools, namely because it
is well known that these tools facilitate the trade-
offs calculation among criteria, while adding sim-
plicity and transparency to the decision making
process (cf. Belton, Stewart 2002; Ferreira et al.
2011a).

The AHP is a multiple criteria decision analysis
technique that was developed by Thomas Saaty,
in the mid-1970s, in order to overcome the cog-
nitive limitations of decision makers (cf. Saaty
1980). Based on its simplicity, solid mathemati-
cal background and ability to assess tangible or
intangible factors, the method has been applied
to systematize a wide range of decision problems
in different contexts. In particular, the method is
based on the human capacity to use information
and experience in estimating relative magnitudes
through pairwise comparisons and, basically, com-
bines logic with intuition, for the purpose of ob-
taining consensual judgments (for further details,
see Saaty 2008; Pastor-Fernando et al. 2010; Kaya,
Kahraman 2011).

According to Yurdakul and I¢ (2004), who ap-
plied the AHP in the evaluation of credit applica-
tions of manufacturing firms, the application of
the method can be divided into three main phases:
structuring, evaluation and synthesis. The first
phase — structuring — consists of decomposing the
problem into a hierarchical structure that reveals

the relationship between goals, criteria and alter-
natives involved in the decision process (see Fig. 1).

The second phase — evaluation — consists of
defining the type of problem to be adopted and
determining if the alternatives/actions should be:
a) analyzed in relative or absolute terms, b) or-
dered or chosen or c) accepted or rejected. Finally,
the last phase — synthesis — consists of providing
an overall score and recommendations. In order
for evaluation and synthesis to take place, deci-
sion makers have to compare pairs of criteria and
sub-criteria (if any). The pairwise comparisons ex-
pressed in semantic judgments are then converted
into numerical values. This is done based on a one-
dimensional scale, known as ‘Saaty’s fundamental
scale’, where judgments of quantification range
from 1 to 9 (see Table 2).

This procedure will result in the construction
of square matrices of preferences, where the num-
ber in row i and column j gives the importance
of a certain criterion C; in comparison to another
criterion Cj, as can be seen in the matrix form (1)
shown below.

1 ay, @y @
A=la;]=|11ay 1lay 1 e ag (D)

More specifically, following Alonso and Lamata
(2006), let A = [aij] for all i, j = 1,2, ..., n denote a
square pairwise matrix, where a; gives the rela-
tive importance of the elements i and j, and is
represented by a quantified value judgment pro-
vided by the decision makers, which also helps to
define a as the corresponding value of intensity of
importance. According to Vilas Boas (2005), this
technical procedure must respect the following
conditions (2):

If aj =0, thena; =1/a, o #0;
If Cj is considered as equaly relevant as Cj, (2)
thena; =1, a; =land a; =1, Vi.

At this stage, the matrices of comparison are
subjected to a mathematical technique called ei-
genvector, which calculates the weights w for each
criterion in the various hierarchical levels and in
relation to the alternatives under consideration.
The eigenvector matrix can be estimated by the
mathematical expression (3):

1/n
W, = [HaijJ : (3)
i=1
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Fig. 1. AHP conceptual structure
Source: Saaty (2008, adap.).
Table 2. Fundamental scale of absolute numbers
Intensity of Importance Definition Explanation

Two activities contribute equally to the objective

Experience and judgment slightly favor one activity
over another

Experience and judgment strongly favor one activ-
ity over another

An activity is favored very strongly over another; its
dominance demonstrated in practice

The evidence favoring one activity over another is of
the highest possible order of affirmation

1 Equal importance

2 Weak or slight

3 Moderate importance

4 Moderate plus

5 Strong importance

6 Strong plus

7 Very strong or demonstrated
importance

8 Very, very strong

9 Extreme importance

1.1-1.9 When activities are very close a deci-

mal is added to 1 to show their differ-
ence as appropriate

If activity i has one of the above
nonzero numbers assigned to it when
compared with activity j, then j has
the reciprocal value when compared

Reciprocals of above

A better alternative way to assigning the small deci-
mals is to compare two close activities with other
widely contrasting ones, favoring the larger one a lit-
tle over the smaller one when using the 1-9 values.

A logical assumption

with i

Measurements from ra-
tio scales

When it is desired to use such numbers in physical
applications. Alternatively, often one estimates the
ratios of such magnitudes by using judgment

Source: Saaty (2008: 257).

As defended by Laininen and Haméldinen
(2003) and Vilas Boas (2005), among others, the
results obtained using this mathematical expres-
sion must be standardized. The process consists in
calculating the proportion of each element relative
to the sum, as can be observed in the expression
(4), where T is the normalized eigenvector:

T =W I Y W W, 1YW,

. 4)

This procedure results in the eigenvector order-
ing of priorities and is repeated until the difference
between the normalized result of the last operation
is very close to the result of the preceding case
(e.g. small differences after third decimal place).
The eigenvector provides a hierarchy or priority or-
der for the criteria, and the quality or consistency
of the solution must be tested by calculating the
eigenvalue, which indicates whether the data are
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logically related. For this purpose, Saaty (2008)
proposes the following sequence of procedures:

— Estimate the eigenvalue (A ) through ex-
pression (5), where w is calculated by sum-
ming the columns of the matrix of compari-
sons:

Mpax =100 (5)

— Compute the consistency index — CI —
through equation (6), where n stands for the
order of the matrix:

CI - Mnax —1 _ 6)

n-1

— Calculate the consistency ratio — CR — using
equation (7), where RI is a random consist-
ency index and depends on the order of the
matrix (for a compilation of RIs from differ-
ent authors, see Alonso, Lamata 2006). The
literature usually considers CR as an accept-
able consistency ratio when its value is be-
low 0.10 (cf. Saaty 1980; Yurdakul, I¢ 2004;
Williams et al. 2007; Xu, Zhang 2009; Perez-
Gladish, M’Zali 2010). CR values greater
than 0.10 suggest a revision of the matrix of
comparisons:

CR=CI/RI. )

To determine the levels of preference of the
alternatives, they should be compared in pairs in
each of the criteria, following a similar procedure
to the one described for obtaining the relative
importance of criteria. With these levels and the
relative importance of preference of the alterna-
tives, an overall assessment for each alternative
can be made explicit based on the additive model
expressed by equation (8), where V(a) corresponds
to the overall value of the alternative analyzed; pj
is the relative importance of criterion j and vj is
the level of preference of the alternative analyzed
in criterion j:

n n
V(e)= ¥ p.v.(a) with Y p.=1

j=177 j=1"
and 0<p; <1(j=1,...n). (8)

4.2. Strengths and weaknesses of the AHP

As in other methods, the AHP has strengths and
weaknesses. An extensive discussion on its advan-
tages and shortcomings is beyond the scope of the
present study. However, it should be highlighted
that the AHP has been characterized as simple,

solidly supported on mathematical background
and able to assess quantitative and qualitative
factors. In particular, one of the most significant
strengths of the AHP results from the fact that
it requires individuals to make comparisons only
between pairs of alternatives (cf. Vilas Boas 2005;
Saaty 2008). Moreover, the ability to measure the
degree of inconsistency present in pairwise judg-
ments and ensure that only justifiable orders are
used as the basis for assessments have also been
reported in the literature (e.g. Yurdakul, I¢ 2004;
Vilas Boas 2005; Perez-Gladish, M'Zali 2010).

On the other hand, different types of criticism
have been raised and, as defended by Williams
et al. (2007: 470), “its theoretical foundation has
been challenged on a number of grounds”. For ex-
ample, the AHP has been criticized for the pos-
sibility of exhibiting rank reversal (Belton, Gear
1983), and for its use of the eigenvalue procedure
to derive priorities (Bana e Costa, Vansnick 2008).
Also, as stated by Alonso and Lamata (2006: 448),
“if the prioritization procedure is not the eigenvalue
method (EVM), because of the way that the Saaty
approach is constructed, it is not suitable for eval-
uating consistency, and therefore new consistency
measures relating to the prioritization procedure
are required”.

It is important to underline, however, that in
recent years important advances have been made
(e.g. Alonso, Lamata 2006) and, according to Perez-
Gladish and M’Zali (2010: 109), “several works can
be found in the literature relating AHP with fi-
nance”. Nevertheless, to the best of our knowledge,
no evidence has been reported exploring the use of
this method in the particular context of the present
study. Therefore, we believe the AHP-based appli-
cation we discuss in the next subsection, and which
is targeted at showing how this technique can be
used to define the trade-offs among the criteria
used to assess credit risk in mortgage lending, is
of interest to both researchers and practitioners.

4.3. Readjusting trade-offs among criteria
in internal ratings of credit-scoring

As previously outlined, we describe in this sub-
section the process followed in terms of trade-offs
readjustment in a mortgage loan credit-scoring
system. Considering the limitations presented in
subsection 3.2, it should also be emphasized that
this research was conducted after the ECB-EU-
IMF intervention (i.e. European Central Bank, Eu-
ropean Union and International Monetary Fund
intervention, also known as “Troika”), which re-
quired the mortgage loan approval process to be
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more meticulous and discerning. On this basis,
and considering the scope of our study, several
aspects will be presented and/or discussed herein,
namely: participants involved; problem definition;
structuring and evaluation procedures undertak-
en; consistency and sensitivity analyses; and re-
sults discussion and recommendations.

4.3.1. Participants involved

It is well known that one of the features of the
MCDA approach is an active attitude from decision
makers (cf. Ferreira et al. 2011b), who are respon-
sible for assisting the facilitator (i.e. researcher
or scientist) in conceiving the evaluation system.
Therefore, and because the definition of a panel of
experts 1s considered an important procedure, the
dimension of the panel was carefully considered in
our study, along with two other intertwined con-
strains: (1) limited availability of mortgage loan
risk analysts to participate in group meetings and
(2) difficulties in getting them together in the same
place at the same time. As a result, we ended up
with a group formed by five credit analysts with
mortgage loan risk evaluation responsibilities who
operate in the same geographic region. In addition,
it should be pointed out that the work session was
conducted by a senior facilitator assisted by a jun-
ior facilitator and a communication technician, re-
sponsible for registering the results.

4.3.2. Problem definition

In response to the limitations identified in subsec-
tion 3.2 of the internal system for credit-scoring of
mortgage loan applications used by the bank un-
der analysis, namely in terms of trade-offs among
evaluation criteria, our framework aims to employ
an AHP-based approach in a structure of admin-
istratively pre-established evaluation criteria.
It should be outlined, however, that we were not
asked (nor allowed) to change the credit-scoring
system in terms of criteria selection and/or opera-
tional structure (see Appendix 1). Instead, we were
limited to the analysis of the trade-offs among the
pre-selected evaluation criteria. In this sense, al-
though the different criteria had been administra-
tively imposed, on the whole it was felt that the use
of a MCDA approach would provide more structure
to the decision-making process, a forum for discus-
sion and learning and, in sequence, a better basis
for the justification and explanation of decisions re-
garding the approval of mortgage loans. We believe
this will add value to the risk evaluation process of
mortgage loans, increase its effectiveness and lead
to a fairer mortgage risk evaluation system. Start-

ing out from this initial premise, the analysis of the
problem consists of eliciting value judgments from
a panel of credit analysts and readjusting trade-
offs among those administratively pre-established
criteria (see Table 1), which are considered the ba-
sis of the evaluation process and aim to support
the lend or reject decision. Moreover, as previously
stated, this also represents a novel approach in the
credit-scoring literature.

4.3.3. Evaluation criteria and impact levels

Following the previous discussion, several draw-
backs can be pointed to the credit-scoring process
currently used by the bank under analysis, namely
the way evaluation criteria are selected and incor-
porated in the model. However, considering that
we were not asked (nor allowed) to change the
credit-scoring system in terms of the evaluation
criteria to use to assess credit risk, the selection
process of these criteria will not be discussed here.
Instead, our objective is to discuss the potential of
using the AHP technique to deal with the trade-
offs among the pre-established evaluation criteria.
As outlined in the previous subsection, our em-
pirical application aims to examine the potential
value of the AHP approach in readjusting trade-
offs among evaluation criteria and, ultimately,
lead to a fairer mortgage risk evaluation system.
Based on the information provided in Table 1, Fig.
2 illustrates the structure of criteria that supports
mortgage lending risk evaluation at the bank un-
der analysis.

The structure presented in Fig. 2 allows us to
identify two different decision levels. The first is
based on a discrete scale ranging from “1” to “10”,
representing impact levels for each of the criteria
involved. In this case, the levels are administra-
tively defined and a partial credit approval occurs
when credit scores are between “1” and “5”, while
a partial credit refusal takes place when the scores
are between “6” and “10” (for a categorized infor-
mation on this technical procedure, see Appendix
1). The second level is directly related to the over-
all score of each mortgage loan application, when
the partial scores in each criterion are weighted by
their relative importance. These overall scores are
measured on a continuous scale ranging from “1”
to “10”. Based on the reasons presented before, it is
precisely here that we believe that there is consid-
erable scope to explore the applicability of the AHP
approach. It should also be underlined that the con-
ceptual scheme presented in Fig. 2 was shown to
the experts and considered important to establish
the basis for a proper elicitation of judgments.
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4.3.4. Judgments and comparisons

This phase of the process was initiated based on
a matrix of comparisons to order the criteria pre-
sented in Fig. 2. More specifically, the panel mem-
bers were asked to pairwise compare and order the
evaluation criteria in terms of decreasing overall
importance. This procedure served as the basis for
the projection of priorities and lasted approximate-
ly one hour. The next step consisted of the calcula-
tion of the trade-offs among criteria.

4.3.5. The trade-off procedures

Once the criteria were ordered by decreasing over-
all importance, the panel members were asked to
project their judgments in terms of relative impor-
tance using ‘Saaty’s fundamental scale’ (Table 2).
This procedure lasted another hour. Fig. 3 illus-
trates the questionnaire of pairwise comparisons,
which was constructed using the Super Decisions
software (http://www.creativedecisions.net/). Table
3 summarizes the results obtained.

Once the “new” trade-offs were obtained, they
were provided to the decision makers. This proce-
dure was considered important to promote further
discussion among the panel members and allow
comparisons between both models (i.e. between
the bank’s current model and the AHP-based mod-
el). As can be seen from Table 3, the new criteria

Loan Evaluation

weights, which reflect the relative importance of
each criterion as perceived by the credit analysts
involved in our study, present some significant dif-
ferences regarding the administratively imposed
weights. Whilst the relative importance of some
criteria remained relatively unchanged (e.g. age,
household, rate of effort and LTV), the weight giv-
en to others changed significantly (e.g. existence of
guarantors, employment situation, profession and
average balances). It was agreed by the group of
experts that these “new” weights have the poten-
tial to lead to different but better informed and
supported decisions regarding mortgage lending
in comparison to the current evaluation system.
In addition, it should be highlighted that our re-
sults present an acceptable consistency ratio (i.e.
0.026412 < 0.10) (cf. Saaty 1980; Yurdakul, I¢
2004; Williams et al. 2007; Xu, Zhang 2009; Perez-
Gladish, M’Zali 2010). The next step consisted of
testing the “new” trade-offs.

4.3.6. Evaluating mortgage loan credit risk

Following the previous discussion, credit-scoring
allows us to calculate scores between “1” and “10”.
As presented in formulation (8), the final score cor-
responds to the sum of the partial weighted scores.
A score between “1” and “5” should support a fa-
vorable credit decision. From this basis, informa-

. Employment | | Marital " Deposit | | Average Responsabilities Existence of | | Economic Political
Profession | | ~iyation | | Status | [A9e | |Household | |Cross-selling] | oo ic o | | Balances | | Rate of Effort in BP V1 | Guarantors Conjuncture | | Conjuncture
Favorable Decision Unfavorable Decision
s e s 6 | 7] 8 9 [ 10
Impact Levels for Each Criterion

/

| Alternative N |

| Alternative N-+1

Fig. 2. Structure of evaluation criteria and respective impact levels
Source: Own elaboration (based on administrative information).



An AHP-based approach to credit risk evaluation of mortgage loans 47
s Comparisons wrt ;[OIJEM‘O‘!‘? in "Credit-Scoring" cluster - e o=
File Computations Misc Help
| Graphic| verba | Matrix [ Questionnaire |
Comparisons wrt "[01] CRT 10" node in "Credit-Scoring™ cluster
[03] CRT11 is moderately to strongly more important than [08] CRT06
27. [03] CRTA1 .>=95|9|s]7|s|5|4]3F |2lﬂ.|4|5I8|7I8|S|>=9.5INnoon'|p.|[05]'CRms E
28. [03] CRT11 M.Elsla]?lﬁl 5|4I? zl |zl3|4|5|s|7|a|s|>zs.5|uump.|[o61cnm7
29. [03] CRT11 >=95|9|8|7|6|5]s 2|2 |2|2|2|5|e|7|2]2]>=95 |nocomp.]| (07] CRIOA
30. (03] CRT11 |>=s.5 o|s|7|s[sfla 2|2| |2|2|2|s|e|7|z2]|2|>=95 |nocomp.]0s) crIoE E
31. [03] CRT11 >=95|9|8|7|6fs 4]3 2| |z|2|2|5|e|7|2]2|>=85 |Nocomp|[os] cRT1Z
32. [03] CRT11 %5'9!5]7]6': 4]3]-2' |2 alalslsl7|s|9|>=9,5luomp.|[101cm5
33, [03] CRT11 3—-9.5'9]9[7]5'? 4]3]2' I2I3|4I5I6|7|B|9I>=‘9.5|Nnoomp.|[ﬂ]CRT04
34. [03] CRT11 >=9.5|9|s]7 [ 5|4]3I2| |2l3|4|5|8|7|s|9|:=9.5|ﬂooomp.|[12]cmz
35. [03] CRT11 :mejla E 7]5'5'4]3]2' I2’3|4I5I6|7|B|SI>=9_5|Nucomp.|[t3]CR'm3
36. [03] CRT11 >=85 |9 alrlsl 5|4|3Iz| |2[3|d|5|8|7|8|9|>=9.5|Nocomp.| [14] CRT14 E
Fig. 3. Questionnaire of judgments [Super Decisions software]
Table 3. Criteria ranking and “new” trade-offs
Criteria Nomenclature Ranking (New) Weights % D%
Profession CRTO1 7 5.79 -6.21
Employment situation CRTO02 12 1.74 —-6.26
Marital status CRTO03 13 1.38 -2.37
Age CRT04 11 2.10 —-0.40
Household CRTO05 10 2.80 —-0.95
Cross-selling CRTO06 8 4.66 -5.34
Deposit portfolio CRTO07 6 7.44 +4.94
Average balances CRTO08 5 8.68 +6.18
Rate of effort CRT09 2 15.97 +0.97
Responsibilities in BP CRT10 1 19.30 +4.30
LTV CRT11 3 14.04 -0.96
Existence of guarantors CRT12 4 11.59 +6.59
Economic situation of the country CRT13 9 3.37 +0.87
Political situation of the country CRT14 14 1.14 -1.36

tion regarding mortgage loan applications, identi-
fied as “alphas”, was provided under anonymous
conditions upon request (see Table 4).

It should be noted that the data provided re-
garding (only) two mortgage loan applications
was an administrative decision. Still, this infor-
mation was considered very useful and necessary
to know how the bank obtains the partial ratings,
which vary between “1” and “10”, and are based
on the information provided in Appendix 1. Table
5 presents the partial ratings of the two alphas
in analysis, criteria weights in both scenarios and
overall scores.

Considering the information in Table 5, one
may conclude that both models indicate possible

approval of the credit applications under analysis
(i.e. in both cases, Alpha 1 and Alpha 2 perform
between “1” and “5”). However, considering the
current evaluation model, significant adjustments
have been made resulting from the use of the
AHP-based approach. For example, in spite of the
low importance given to the existence of guaran-
tors in the current evaluation model (i.e. 5%), this
criterion was considered by the decision makers
as one of the most important guarantees for the
bank in case of credit default. This allowed them
to rank the existence of guarantors in fourth place
and adjust its weight (i.e. 11.59%). According to
the decision makers involved in our study, the ad-
justments made represent “more caution in terms
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of credit approval”, which corroborates with the
Basel directives. The next step consisted of per-
forming consistency and sensitivity analyses to the
calculi made.

4.3.7. Consistency and sensitivity analyses

Once the trade-offs among evaluation criteria were
readjusted, tested, discussed and approved by the
panel members, several consistency and sensitiv-
ity analyses were conducted. Fig. 4 illustrates a

Table 4. Data from two anonymous customers

consistency analysis carried out with the Super
Decisions software.

As previously outlined, our results present a
consistency ratio of 0.026412, which, according to
the literature (cf. Saaty 1980; Yurdakul, 1(; 2004;
Williams et al. 2007; Xu, Zhang 2009; Perez-
Gladish, M’Zali 2010), is considered acceptable.
However, the consistency analysis carried out
during the group session allowed decision makers
to discuss possible adjustments in terms of value

Alpha 1 Alpha 2

Profession Customer with a profession in a Customer with a profession in a stable
stable industry industry

Employment status Customer with three years of per-  Customer with sixteen years of permanent
manent employment employment

Marital status Single Married

Age 25-35 36-50

Household 1 Element 4 Elements

Cross-selling

Customer who holds a single bank
account and households his/her

Customer who holds several financial
products and households his/her salary in

salary the institution
Average balance [0-1.000¢€] > 2.500€
Deposit portfolio [2.500€-25.000€[ [25.000€-50.000€]
Rate of effort 34,60% 41,40%
Responsibilities in BP Without other responsibilities Without other responsibilities
LTV 77,78% 53,16%
Existence of guarantors No No
Economic situation of the country Stable with difficulties Stable with difficulties
Political situation of the country Stable Stable
Source: Administrative information

Table 5. Partial and overall scores

Alpha 1 Alpha 2

Partial Current AHP Partial Current AHP

score weight % weight % score weight % weight %
Profession 3 12.00 5.79 3 12.00 5.79
Employment status 2 8.00 1.74 1 8.00 1.74
Marital status 1 3.75 1.38 1 3.75 1.38
Age 2 2.50 2.10 4 2.50 2.10
Household 1 3.75 2.80 4 3.75 2.80
Cross-selling 4 10.00 4.66 2 10.00 4.66
Deposit portfolio 4 2.50 7.44 3 2.50 7.44
Average balance 3 2.50 8.68 1 2.50 8.68
Rate of effort 2 15.00 15.97 2 15.00 15.97
Responsibilities in BP 1 15.00 19.30 1 15.00 19.30
LTV 4 15.00 14.04 3 15.00 14.04
Existence of guarantors 6 5.00 11.59 7 5.00 11.59
Economic situation of the country 4 2.50 3.37 4 2.50 3.37
Political situation of the country 3 2.50 1.14 3 2.50 1.14
Overall score (*CR = 0.026412) - 2.745 2.975% - 2.453 2.718*
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Fig. 4. Consistency analysis

judgments and, consequently, criteria trade-offs.
As shown in Fig. 4, the most inconsistent judgment
occurred between CRT12 (i.e. existence of guaran-
tors) and CTRO8 (i.e. average balances), and was of
(very) small amplitude (i.e. 1.5 vs. 1.3101). In spite
of the small difference identified, the usefulness of
the Super Decisions software in offering opportu-
nities for panel members to reconsider their value
judgments should be highlighted. After discussion,
the decision makers decided not to introduce fur-
ther adjustments and considered the final trade-
offs as good representations of their value judg-
ments. At this stage, it was considered useful to
explore the sensitivity of the results obtained by
each credit application by performing a sensitivity
analysis. Fig. 5 presents the sensitivity analyses
carried out for CRT07 (exemplifying non-crossing
situations) and CRT12 (exemplifying crossing situ-
ations), which were conducted also using the Super
Decisions software.

Despite the low number of alphas used for test-
ing the model, the sensitivity analysis allowed us
to explore the implications of uncertainty regard-
ing the weights of the evaluation criteria, increas-
ing confidence in the results achieved. More specif-
ically, the analysis revealed that eleven out of the
fourteen criteria show non-crossing lines between
the alphas’ partial performances (i.e. only CRT04,
CRTO05 and CRT12 revealed crossing lines), mean-
ing that each alpha would maintain its relative
ranking position independently of the weight given
to each criteria. In this sense, as exemplified in
Fig. 5, the intervals of weight variation are large
enough to ensure that the alphas’ ranking position
remains even when the relative weight of criteria
changes, supporting the value judgments of the
credit experts.

The results of the consistency and sensitivity
analyses were therefore important to: (1) validate

the results in terms of trade-offs and explore the
robustness of the recommendations generated by
the multiple criteria framework; (2) promote ad-
ditional discussion among the credit experts; and
(3) define the basis for recommendations.

4.3.8. Overall analysis and recommendations

Based on the satisfaction shown by the panel
members, one may consider that our results are
encouraging. In fact, our AHP-based application
allowed readjustment of trade-offs among criteria,
and provided the panel experts with “a more in-
formed, transparent and accurate mortgage loan
risk evaluation system” (according to their own
words). Furthermore, quoting the experts, our
proposal was also considered “more discerning in
terms of Basel directives”, which strengthens our
research convictions. Despite the results, it should
be recalled, however, that a non-prescriptive pro-
cess-oriented position has always been assumed.
Consequently, our proposal should be viewed as a
learning mechanism resulting from the discussion
with and among the panel members, and not as
a tool to provide optimal solutions. In this sense,
because the results are contextualized and depend-
ent on the participants involved, extrapolations
are strongly discouraged unless proper adjust-
ments take place. This may be considered another
positive aspect of our framework because the use
of AHP provides decision makers with adjustment
possibilities.

5. CONCLUDING REMARKS

In periods of economic turbulence like the one fi-
nancial institutions are currently experiencing,
where liquidity is scarce and access to money and/
or to medium- and long-term debt markets is very
limited, severe restrictions on access to credit are
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imposed. Mortgage loans are among the most
highly sought financial products in the Portuguese
banking system, but even those need to be careful-
ly analyzed by all parties involved in the decision
process. This means that, accompanied by higher
credit underwriting standards, mortgage loan risk
evaluation becomes imperative for financial and
banking institutions.

As discussed herein, significant improvements
have occurred over the last few decades in terms
of risk modeling. Nevertheless, as stated in the lit-
erature (e.g. Altman, Saunders 1997; Lopez, Said-
enberg 2000; Doumpos, Zopounidis 2001; Doumpos
et al. 2002; Thomas 2009, 2010; Twala 2010), the
progress achieved over the years does not mean
that the current methodologies are without limita-
tions and the need to develop more accurate credit-
scoring systems has been put to rest. In this par-
ticular context, special emphasis has been given
to the lack of transparency in the way trade-offs
among criteria are usually defined (cf. Ferreira
et al. 2011a, 2011c). From this premise, our AHP-
based application allowed readjustment of trade-
offs among evaluation criteria, and provided the
panel members with a “more informed, transpar-

ent and accurate mortgage loan risk evaluation
system” (in their own words). Our framework was
additionally considered “more discerning in terms
of Basel directives” (also according to the panel ex-
perts). The findings from our study suggest, there-
fore, that the AHP approach has the potential to
enhance the existing credit scoring systems of Por-
tuguese banking institutions. As discussed here,
the AHP technique can be used to assist credit
analysts in defining the relative importance of
evaluation criteria, making trade-offs among them
explicit. However, AHP can also be used to assist
banking institutions in managing new evaluation
criteria (e.g. mortgage term, property type, occu-
pancy type).

In the current economic context it is impera-
tive that banking institutions use comprehensive
credit scoring systems in order to comply with the
Basel regulatory requirements and minimize the
risk of errors. It is our belief that the framework
proposed here, either independently or combined
with other credit classifier systems, can assist
banking institutions in doing so. By allowing cred-
it analysts to derive overall risk scores for each
credit application and exploring the sensitivity of
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these scores to changes in the relative importance
of the different evaluation criteria, the use of the
AHP technique has the potential to lead to better
informed decisions.

Despite its virtues, our proposal is not without
its own shortcomings. In particular, it can be criti-
cized on the grounds of being inherently subjective
with regard to the specification of criteria weights,
but also, potentially, in the choice of evaluation
criteria and the scoring of credit applications.
However, it is important to bear in mind that all
decision-making is subjective and that the value
of any MCDA based-approach is in making that
subjectivity explicit and integrating it in a trans-
parent way with objective/measurable data.

It 1s also important to emphasize that a non-
prescriptive process-oriented position has been
assumed, and because the results are contextual-
ized and strongly dependent on the participants
involved, extrapolations are discouraged unless
proper adjustments take place. This may also be
argued as a limitation of the proposal. Nonetheless,
as previously discussed, the use of AHP also pro-
vides adjustment possibilities. On the other hand,
in exploring this line of research, several other
approaches can be applied, namely MACBETH —
Measuring Attractiveness by a Categorical Based
Evaluation Technique —, MAVF — Multi-Attribute
Value Function —, PAPRIKA — Potentially All
Pairwise Rankings of All Possible Alternatives — or
TODIM (an acronym in Portuguese of Interactive
and Multicriteria Decision Making) — (for a catego-
rized survey of different MCDA methods, see Bel-
ton, Stewart 2002; Zavadskas, Turskis 2011). Still,
as suggested by Weber and Borcherding (1993) and
Ananda and Herath (2009), each method has its
own strengths and limitations, and there is no such
thing as superior elicitation method. In fact, as is
widely accepted in the MCDA literature, the choice
of approach is strongly dependent on the decision
context. From this premise, AHP’s simplicity, solid
mathematical background and ability to assess
tangible and intangible factors, together with the
fact that it has been applied to systematize a wide
range of decision problems in different contexts,
are the main reasons why it has been applied in
this study. Also, as defended by Yurdakul and I¢,
(2004: 286), “once properly introduced and imple-
mented in the banks, AHP should improve their
credit evaluation decision-making processes, and
consequently, contribute to the success and profit-
ability of the banks”.

As complementary research, we recommend
conducting: (1) a different panel study with a dif-

ferent elicitation method and/or within a different
banking institution; and (2) a survey of compari-
sons among different methodological applications.
Possible improvements and/or updates will hope-
fully help in strengthening this line of research.
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APPENDIX 1

Evaluation criteria, descriptors and impact levels

Impact Levels and Partial Decisions

Criteria Descriptor
Impact Levels Decision
Favorable
Zr;;:a)ssmn Sector: Primary, Secundary and Tertiary Analyzed case by case 3
7
8 Unfavorable
9
10
. >3 Years
Effective 12: 3] Years
2 Years Favorable
Temporary 1 Year
Employment situation <1 Year
(8%) 6
7
Unemployed Assumes maximum score 8 Unfavorable
9
10
Favorable
Marital status . . . .
o Single, Married, Divorced and Widower Analyzed case by case
(3,75%) 6
7
8 Unfavorable
)
10
<24 <24
25 to 35 [25;35]
[36;38] Favorable
36 to 50 [39;41]
Age [42;50]
(2,5%) [51;60] 6
7
>51 >60 8 Unfavorable
Assumes maximum score 9
10
1 Element 1
2
2 to 4 Elements 2 Favorable
Household 2 to 4 with ascendants
(3,75%) 5 6
7
>5 Elements >6 ascendants 8 Unfavorable
>6 ascendants and descen- | 9
dants 10
Customer who holds several financial products
and households his/her salary in the institution De%encis on the typology of Favorable
Customer who holds a single bank account and products
Cross-selling households his/her salary
(10%) 6
. . 7
Cgstomel" quo dqes not have any relationship Assumes maximum score 3 Unfavorable
with the institution 9
10
>100.000 €
50.001 to 100.000 €
25.000 to 50.000 € Favorable
112.500; 25.000[
Deposit portfolio 2:500t0 24.999 € [2.500; 12.500]
(2,5%)
<2.500 € Assumes maximum score Unfavorable

=[O0 |~3|0>
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>2.500
> 1.000€ [1.0001 2.500]
[501; 1.000] Favorable
0 to 1000 € [251; 500]
Average balances [0; 250]
(2,5%) [-500; —1] 6
<0e [-1.499; —501] 7
(There is salary household) [~1.999; —1.500] 8 Unfavorable
[-3.000; —2.000] 9
<-3.000 10
[0; 30[
[31; 60[
[61; 90[ Favorable
[90; 99]
filagi)z)of effort 0 to 100% .
>100 7
Assumes maximum score 8 Unfavorable
9
10
Without responsibilities (age indexed)
Equivalent to 0% (bond)
With responsibilities but without incidents Equivalent to 10% Favorable
(rate of effort indexed) Equivalent to 20%
Responsabities in BP >30%
(15%) 6
7
With responsibilities and incidents Implies automatic rejection | 8 Unfavorable
9
10
[0; 20[
[21; 40[
<89% [41; 60[ Favorable
[61; 80[
LTV [81; 89[
(15%) [90; 100] 6
7
>90% >100 8 Unfavorable
9
10
Yes Analyzed case by case Favorable
Existence of guarantors
(5%) 6
7
No Analyzed case by case 8 Unfavorable
9
10
1
Depends on the conjuncture | 2
Stable 3 Favorable
Economic situation of the Stable with difficulties g
country
(2,5%) o
7
Unstable Assumes maximum score 8 Unfavorable
9
10
Depends on the conjuncture
Stable Favorable
Political situation of the Stable with difficulties
country
(2,5%) 6
7
Unstable Assumes maximum score 8 Unfavorable
9
10

Source: Administrative information.
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