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ABSTRACT

Professional management of financial activities requires a good understanding of the inherent future risks of those
activities. Despite the use of complex models for this purpose, significant risks often remain under-appreciated. This
article develops techniques that will assist banking institutions at understanding the risks involved in micro-finance
and related operations. The analysis is carried out by identifying financial operations that are typical of banking on a
smaller scale, such as investing and extending credit, and the types of risk inherent in these activities, which are then
grouped into the categories of operational risk, financial risk, management risk, and external risk. Analysis is
conducted using the PROMETHEE multi-criteria decision methodology. Based on our new approach to risk analysis,
many institutions will improve the management of their financial operations, including micro-finance.

Keywords: MCDM, Risk Analysis, Bank Investment, PROMETHEE.

Analisis del Riesgo Futuro para Inversiones Bancarias
utilizando PROMETHEE

RESUMEN

La gestion profesional de las actividades financieras requiere una buena comprension de los riesgos futuros
inherentes a esas actividades. A pesar del uso de modelos complejos para este proposito, hay riesgos significativos
que a menudo siguen siendo poco apreciados. Este articulo desarrolla técnicas que ayudaran a las instituciones
bancarias a comprender los riesgos que conlleva la microfinanciacion y las operaciones relacionadas. El analisis se
lleva a cabo identificando las operaciones financieras tipicas de la banca al por menor, como la inversion y la
extension del crédito, y los tipos de riesgo inherentes a estas actividades, que se agrupan en las categorias de riesgo
operativo, riesgo financiero, riesgo de gestion y riesgo externo. El analisis se lleva a cabo utilizando la metodologia
multicriterio PROMETHEE. Conforme a nuestro nuevo enfoque del andlisis de riesgos, muchas instituciones
mejoraran la administracion de sus operaciones financieras, incluidas las microfinanzas.

Palabras clave: Decision Multicriterio, Analisis de Riesgos, Inversiones Bancarias, PROMETHEE.
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1. INTRODUCTION

Our goal is to analyse future risks faced by financial institutions, including
specifically credit institutions that are engaged in micro-finance. Their activities,
mainly collecting deposits and distributing credit, impact most of the population
in developing countries, as well as the poor in developed countries. Our work is
based on the use of the Multi-Criteria methodology PROMETHEE to analyse the
risks for offering finance or investing, and depends on a specification of risks.
Our objective is to support decision makers in financial institutions by clarifying
the nature of the risks they face. To achieve this objective we combine the use of
PROMETHEE with the Analytic Hierarchy Process (AHP) methodology. We
firstly analyse the literature in order to model the problem. This first model is
analysed with the AHP methodology based on the preference of the authors.
These preferences are possible with a huge literature review. The first results are
then used in the PROMETHEE methodology. The final results are presented in
several manners (graphs, tables) useful for decision makers. The final results can
support decision makers to rank several alternatives in order to deal with risks.

The risks faced by financial institutions depend on their economic activities
and the environment in which they operate. Based on a literature review, we
defined four different categories of risk, operational risk, financial risk,
counterparty risk, and external risk [1] [2]. These four categories were then
subdivided into 19 sub-criteria, as shown in Table 1. A large analysis of the
literature was done and this table is as much as possible comprehensive.

Table 1
Different types of risks under study

Operational risk Financial risk management Counterparty risk External risk
Risk of fraud Currency risk Liquidity risk Country risk
Risk of Hold-up Credit risk Interest rate risk Risk guarantee
Information risk Risk Insider Market risk Concentration risk

Generic risk

Legal and regulatory risk

Solvency risk

Risk of recovery

Legal risk Underwriting risk Risk of exposure

Source: Own elaboration.

The hierarchical structure defining the problem, given in Figure 1, clarifies
the issues and shows the contribution of each element to the final decision.
Eight alternatives, representing various financial operations, are shown on the
right side of Figure 1. The criteria and sub-criteria are the elements that should
influence the choice of alternative. At this step the goal is to find the links
among the criteria, the sub-criteria, and the alternatives.

The hierarchical structure includes four levels. Level 0 is the global objective,
level 1 the criteria by which achievement of the global objective is assessed, level




2 the sub-criteria of which the criteria are composed, and level 3 the alternatives
that may be selected. In Figure 1,

Level 0 represents the aim to select a project from the set of all alternatives.
Level 1 represents the criteria for this analysis,
C, = operational risk
C, = financial risk management
C; = counterparty risk
C,4 = external risks.
Level 2 includes 19 sub-criteria, called SC1, SC2, ..., SC19.
Level 3 includes 8 alternatives, called ALTI1, ALT 2,..., ALT 9.

Figure 1
Complete graphical representation

GD—' Operatisral risk

Riskod fraud

Riisk of Hold-up

Irfcernation risk

GEREE Figk

Legal risk

Currency fisque Ocdiriry loans

Crigyrisk

G: e Insider risk Money market

Legal and regulatary risk

Undamwriting risk

projocts

&) EHH0HY A

Select thoe best

Liggasiny risk
Interast rate risk

G‘% Counterparty risk w1 InvesImant cradit |®

Market rick

®—| Extermal risk

Solvendy ritk

[Cirect imvestment

Lountry risk

Forsign imestmens

Risk puarantze

Cancentration risgue

Public irvestment

Risk of recovery

Risk of exposure

Source: Own elaboration.




The basic elements of the PROMETHEE method were introduced by Jean-
Pierre Brans in 1982 [3]. It was later developed and implemented by Brans and
his colleagues [4, 5, 6], including extensions such as GAIA.

PROMETHEE has particular application in decision making, and is used
around the world in a wide variety of decision scenarios, in fields such as
business, governmental institutions, transportation, healthcare and education. We
first of all present the problem analysed with the PROMETHEE method. The first
result obtained with AHP was used then used as preferences data for the
PROMETHEE method. The final results are then analysed.

The problem shown in Figure 1 was analysed using the Multicriteria Decision
Method PROMETHEE (Preference Ranking Organization Method for
Enrichment Evaluations). PROMETHEE rests on pairwise comparisons of
alternatives on every criterion [3, 4, 5, 6]. It associates with each criterion, j, a
relation Pj(a, b) reflecting the preference for alternative a relative to alternative b
on criterion j. The relation Pj contains all available information about the
preferences of the decision maker on the criterion j.

Figure 2
Preference Function: “Usual” Form

V(a,b),Vj (Criterion): P,(a,b)

d (a,b) = f (@)~ f,(b) . ED
0 d=0
H(d)=
1 |d|>0
> d

H(d) : Preference Function where f represents the
ratings. The form of the graph represents the case
where d is positive.

Source: Own elaboration.

The PROMETHEE method allows decision makers to choose one type of
criterion from several forms of criteria. Because this problem includes a lot of
sub-criteria, we simplify the analysis by choosing the simplest form (“usual”
form) of criterion, in which the value of Pj(a, b) reflects whether alternatives a
and b are judged as different. In Figure 2, the function H (with no parameters)
reflects preference: whenever there is a difference, d, between the ratings of
alternatives a and b, H(d)= 1; if there is no difference, d = 0, and H(0) = 0, and
the decision maker is indifferent. This criterion form implies that if one



alternative is better than another, the best one is preferred to the other and if
there is no difference between two alternatives the decision maker is indifferent.
This function reflects the general case including Maximizing and Minimizing
criteria. For our problem, all criteria are minimised because all risks types have
to be reduced.

Table 2 below shows the weight values of the four criteria (C; - C4) and the
19 sub-criteria (SC1 - SC19) in the grey columns called Weights and Weights
Performance criterion. These weights were obtained in an earlier analysis using
the AHP method [7]. The final values (last column) were obtained as the

product of the weights of the corresponding criterion and sub-criterion.
C, :Criteria weigths

Product = C;x ZSCi o _
i1 SC. :Sub criteria weigths

Table 2
Criteria Weight
o . o Wights "Weights
Criteria C; Weights Sub criteria (SCi) Performance
criterion roz{nded w2
decimal places

SCq Risk of fraud [0.126] [0.06]

SC, Risk of Hold Up [0.606] [0.26]

C1 | Operational risk [0.434] SCs Information risk [0.141] [0.06]
SCy Generic risk [0.075] [0.03]

SCs Legal risk [0.052] [0.02]

SCs Currency risk [0.194] [0.07]

SC; Credit risk [0.417] [0.15]

C, | Financial risk [0.366] SCs Insider risk [0.089] [0.03]
SCy Legal and regulatory risk [0.163] [0.06]

SCi | Underwriting risk [0.137] [0.05]

SC41 | Liquidity risk [0.238] [0.03]

) SCi2 | Interest rate risk [0.514] [0.06]

Ca | Counterpartyrisk | (04281 | o0 | Market risk [0.133] 0.02]
SCi4 | Solvency risk [0.115] [0.02]

SC+s | Country risk [0.489] [0.04]

SCi | Risk guarantee [0.202] [0.02]

C4 | External risk [0.072] SC47 | Concentration risk [0.155] [0.01]
SC+s | Risk of recovery [0.091] [0.01]

SCq9 | Risk exposure [0.063] [0.01]

Source: Own elaboration.

The final result that we want to have, we must determine the total order of the
eight alternatives, giving the less risky alternative as the first one and the more
risky one as the last alternative of the total order. In order to achieve this objective
we combine the use of PROMETHEE with AHP. The advantage of such a
combination is to process is two steps. First we valuate the weights of all criteria
and alternatives and then we rank them.



2. ESTABLISH COMPARISONS BY PAIR OF STUDIED
ALTERNATIVES

This step consists in the pairwise comparisons of the eight (08) alternatives
symbolized by ALT; abbreviation, located on the third level, relatively to each
sub-criterion SC1 to SC19. The judgment matrix of eight (08) alternatives is
determined such as:

ALT;: Credits campaigns, ALT,: The state credits, ALTj: Ordinary loans,
ALT,: Money Market, ALTs: Credit Investment, ALTg: Direct Investment,
ALT;: Foreign Investment, ALTg: Public Investment.

We applied the same procedure as before for pairwise comparisons of the
eight (08) alternatives symbolized by a ALT; abbreviation, located on the third
level of our model, next to the sub-criteria to be located on the upper level
compared to SC1 to SC19. The Table 3 called “table of judging criteria” gives
an idea of all these comparisons for the first criteria “Operational Risk”.

Table 3
Table of judging criteria
0 - = = t
| 3| 5| 8| 2| 2| 2| &
Pairwise comparaison % % E g = § ¢ E’E § iori
of alternatives 8 gl = S > £ 2 § @ = Sy
@ 7] = = 5= - w > ()
l 2| 8|28 |¢g]| °|=%
= G | & <
Credits campaigns 1 3 3 3 4 4 4 117 0,20
The state credits 1/3 1 3 4 3 4 4 1/3 0,17
Ordinary loans 1/3 1/3 1 2 2 2 2 1/3 0,09
Money Market 1/3 1/4 1/2 1 2 2 2 1/3 0,08
Credit Investment 1/4 1/3 1/2 1/2 1 2 2 1/4 0,06
Direct Investment 1/4 1/4 1/2 1/2 1/2 1 3 1/4 0,05
Foreign Investment 1/4 1/4 1/2 1/2 1/2 1/3 1 1/4 0,04
Public Investment 7 3 3 3 4 4 4 1 0,31

Source: Own elaboration.

3. DETERMINE THE PERFORMANCE OF THE
ALTERNATIVES RELATIVELY TO THE sub-CRITERIA

The next step consists in determining the alternative performance relatively
to all sub-criteria located at the second level. Figure 3 shows the alternatives
weight, as Figure 4 shows the sub-criteria weight relatively to the four criteria.




Figure 3

Alternative Weight
ALT1 0,20
ALT2 0,17
ALT3 0,09
ALT4 0,08
M21(ALT) =
ALT5 0,06
ALT6 0,05
ALT7 0,04
ALTS 0,31

Source : BRANS, J.P., MARESCHAL, B.
and VINCKE, P. (1984). “PROMETHEE: A
new family of outranking methods in
multicriteria analysis”. Operational Research.
North-Holland, Amsterdam, pp. 477. 490

Figure 4
Sub-criteria Weight relatively to each criteria
Risk of fraud SC, 0.06 0 0 0
Risk of hold-up SC, 0.26 0 0 0
Information risk SC; 0.06 0 0 0
Generic risk SC, 0.03 0 0 0
Legal risk SCs 0.02 0 0 0
Risk of change SCs 0 0.07 0 0
crédit risk SC, 0 0.15 0 0
Risk Insider SCsg 0 0.03 0 0
Legal and regulatory risk SCy 0 0.06 0 0
Underwriting risk SCo 0 0.05 0 0
Liquidity risk SCy, 0 0 0.03 0
Risk of in interest rates SC, 0 0 0.06 0
Market risk SCy3 0 0 0.02 0
Solvency risk SCyy 0 0 0.02 0
Country risk SCis 0 0 0 0.04
Risk guarantee SCis 0 0 0 0.02
Concentration risk SCy7 0 0 0 0.01
Risk of recovery SCqs 0 0 0 0.01
Risk of exposure SCy9 0 0 0 0.01

Source: Own elaboration.

The alternative weight was introduced (ALT1 to ALTS) in each corresponding
line. Determining a value in the cell is obtained by the weight of product sub-
criteria (SC1 to SC19) column in relation to the different weight of the
alternatives that are currently online.



Table 4
Integration of weight alternatives in line by line

SC,; SC, SC; SC, SCs; SCg SC; SCz; SC, SCyo SCy4 SCy; SC43 SCyy SCyi5 SC4s SC4; SCyg SCyg
0.06 0.26 0.06 0.03 0.02 0.07 0.15 0.03 0.06 0.05 0.03 0.06 0.02 0.02 0.04 0.02 0.01 0.01 0.01

ALT1 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
ALT2 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
ALT3 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
ALT4 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
ALTS 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
ALT6 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
ALT7 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

ALT8 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31

Source: Own elaboration.

In our research the AHP method is used for the first steps of our proposed
methodology, while PROMETHEE is used to obtain the final ranking of
alternatives. The different weights obtained from the performance criteria
illustrated by Table 5 are used in the calculations of PROMETHEE, and
alternatives priorities are determined on the basis of these weights.

Table 5
Weights Summary

ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 ALT8
Weights 0.2 0.17 0.09 0.08 0.06 0.05 0.04 0.31

Source: Own elaboration.

4. RESULTS

The analysis is based on the 19 sub-criteria. All eight alternatives are scored
on a continuous scale [0,1]. The score of each alternative is determined from a
first analysis conducted with AHP (see [7]).

The results of the PROMETHEE 1 analysis are shown in Figures 6 that
shows the calculated preference flow of all alternatives. It is easy to see that
ALT7: Foreign Investment is the best and that ALTS8: Public Investment is the
worst.

These results show that by combining two MCDA methodologies we can
obtain opposite results. The first results obtained with AHP show that ALT7 is
the worst and ALT8 is the best and combining these first results with
PROMETHEE we obtained the contrary. We can see that, the way, how the
used methodologies are combined, have a very high importance on the final
result. Other studies could be done in order to see if this main result is the main
using first PROMETHEE and then AHP.



Figure 5
Partial Performance Matrix

Fle Edt Model Confrol PROMETHEE-GAIA GDSS G5 Custom Assictants Snapshots Options Help

oDl RRIBERRAS 7a40(6|4vey
1O 1 £ EBM| T Ol4B

SERSK|0/ME

(e )(se JC s ) ss J s ) o ) ss [ so i s [ seo )| so )[ &6 ][ s6 )]

‘_.i[ Shwarnl ) o1 ]

iUnit it unit unit it urit unit it it it it it it it it
e [ @ T 4T @ T 6T 476767667 ¢ ¢7¢ ¢+
B [Prefeencs | \ \ | \ \ | \ | | \ | \ \ |
:Mm{Max min‘ min} rninI min‘ min! minI min‘ minl minI min‘ minl min‘ min! rmn!
iWeight 006 n,ze} 006 0 00 0 05 00 006 005 00 00% 00 00
IPreferencan. s lad Vsl s L szl Usudl L szl Ul L sl Uil Ll
Thresholds dhoolte  absolufe  absote|  absolie  chsote  dbsote)  absolite  bsolte  absokte  absolte  absobte)  abeohte  abeoltr  abeolte
-0 Tnafference nfa W nfa nfa ne nfa na ne nfa na ne nfa na N
-1 Preference nfa N nfa nfa ne nfa na ne nfa na ne nfa i na
-5 Galgsian nfa | nfa) e e nfa) nfa nfa| nfa| nfa nfa| ) nfa nja!
s I ) I I B
:Minimum oM 00 0 oM oM oM oo oM oM oM o oM oM o
iMamum 03t 03 03t 03t 03t 03t 03t 03 03 03t 03 03t 03t 03
!werage 05 (RH 04 05 05 05 05 (RH 0B 05 (RH 0B 05 08
(sardrd0en, ) ) 0| s i) | s 03| | s 0| e s 0
| | | | | | | | | | | | | |
Y . . [N NN ) NN ) NN N ¥ | w0 |
0,17 0,17 0,17 0,17 0,17 0,17 0,17 0,17 0,17 0,17 0,17 0,17 017 0,17
W 0w o i) 0w o i) 0w Uil 0 0w il 0 0w
u,us} n,ua} u,us} u,us} u,ua} u,us} u,ns} u,ua} u,ua} 0,03} u,ua} u,ua} u,us} u,us}
u,ua} n,ue} u,uel u,ua} u,ue} u,uel u,na} u,uel u,usl u,ns} u,uel u,us} u,us} u,uel
u,usi n,usi u,usi u,usi u,usi u,usi u,nsi u,usi u,usi u,nsi u,usi u,usi u,usi u,usi
o oo o o o o o o o ol o oM o o
0 il kil 01 Dkl il 01 Dl il 01 Dl il 01 kil
Source: Own elaboration.
Figure 6
Preference Flow
D Preference Flows
Phi+ Phi- Phi
ALT1 0,1429 0,8571 40,7143
ALT2 0,2857 0,7143 0,4286
ALT3 0,488 0,5714 0,142
ALT4 0,5714 0,4250 0,1429
ALTS 0,7143 0,2857 0,4286
ALTE 0,8571 0,1429 0,7143
ALT7 1,0000 0,0000 1,0000
ALTS 0,0000 1,0000 -1,0000

Source: Own elaboration.



S. CONCLUSION

This work aimed to analyze financial investments for banks or financial
institutions using the Multi-Criteria Method PROMETHEE. It employs results
obtained in a previous analysis conducted with the AHP method [7].

One limitation of this work is that the preferences were evaluated by only one
individual, an individual whose expertise was based primarily on a literature
review. Therefore these preferences, and the conclusions we drew from them,
should be considered as tentative. In order to validate the proposed methodology,
we intend to obtain real preferences from risk managers in real-world banking
institutions. This study shows the importance of managing the future risks. This
kind of study is very interesting in order to evaluate future risks and support
decision makers for their choices. We can consider that bank institutions could
face in the future to risks related to Information Technologies: hacking and
information system security problems, customers’ privacy protection etc.
Researches in these areas must be improved in order to deal with these potential
risks.
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