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6 MULTICRITERION DECISION MAKING METHODS WITH ORDINAL AND
CARDINAL SCALES: ELECTRE I-III

H.P. NACHTNEBEL

ABSTRACT Often, the outcomes of -alternatives "cannot be
quantitatively assessed. However, the decision maker is
. able. to judge: .the_ outcomes qualitatively such as good,
:poor .and- bad.- In this case a distance :based technique
.cannot be.:.applied because .even-in the- case . that: one
. alternative is obviously better than any other it cannot
be quantified how much it is better. =
A class of techniques called ELECTRE is explained here
which is able to handle also ordinally expressed criteria.
In its simplest form ELECTRE I, only a partial ranking of
the alternatives can be obtained and it has also to be
considered .that this : procedure yields sometimes in-
-Eransitive outrankings.
‘ELECTRE. IL;and III result in a complete ranking of the
-alternatives but require additional information about the
.-~ preference structure of the decision maker. The techniques
can be applied only in the case of a discrete set of
-alternatives.

6.1 INTRODUCTION

In this chapter: a, class. of outranking techniques called ELECTRE
(ELimination Et Choix Traduissant la REalité) which was developed by
Benayoun et al. (1966) and Roy et al. ( 1968, 1971, 1973, 1975, 1978),
will be presented. This methodology handles quantitative, qualitative
‘and fuzzy criteria and by pairwise comparison of alternatives a
ranking procedure is provided. The method can only be applied to a
discrete set of alternatives. First, an outline of the assumption and

the methodology is presented and then some app11cat1ons are given for
ELECTRE I, II, TIII.

6.2 METHODOLOGY

A multicriterion problem can be formally described by a set of
alternatives, criteria and preference wvalues. A finite set of
alternatives A = {a;} (i = 1, m) has to be evaluated. It is assumed
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that each. alternative is completely identified by a set of a criteria
Z= {q) (j =1, n).
An evaluation procedure, which is discussed later in detail, aggre-

gates the criteria into a single index, for instance a ranking index
to assist in:

- the selection of the "best" alternative a;
- rejecting the "bad" ones a, or identifying the "good" ones ag+
- theicomplete ordering of the alternatives.

In simple deterministic outranking procedures a comparison is
expressed by a binary relation indicating that a pairwise comparison
can result either in ‘one alternative is obviously better than the

other’ or that ’it 'is not the case’ and one obtains evaluations such
as:

- a; preferred to 3

= - a; indifferent to ap : (6.1)
- a; incomparable with ay. '

The first case holds when the outcome f;; of alternative a; with respect
to criterion 2z} is preferred or at least equal to f; for all criteria.
In the second case a; is preferredcto a; only in some of the criteria
while in some others a; is more attractive. The introduction of
weights, associated to every criterion might result in a reduced set
of indifferent alternatives.

The latter case may occur when a pairwise comparison of alternatives
does not provide reliable or enough information to the decision maker.
A graphical representation of a . pairwise comparison is given 1in
restricted form in Fig. 6.1. By definition, an arc is directed from
the preferred alternative to the dominated alternative. According to a

pairwise comparison of alternatives the following preference relations
are obtained:

82 > aj

a; > ay a; > as

ay > aj as > ajz

a4 > ag ag > ag ag > ag
aq > ag as > ag

Because of a simple pairwise comparison it cannot be concluded from

as; > a; and a; > a4 that a; > a4, where > means 'preferred to’' or
‘better than'.

114



FIG.. 6.1 Simplified graph representing selected

pairwise comparison F

In other words, a pairwise comparison might also imply results such as

= a; preferred to a;
= aj preferred to ay (6.2)

- ay preferred to a;.

Often, it is not obvious that alternative a; is preferred to a; but
there is a high possibility that a; is better than aj. Thus, an exten—
sion of the deterministic outranking is in the fuzzy outranking. A
fuzzy outranking relation assigns "credibility", expressed by a fuzzy

set, to any comparison. The evaluation in equ. (6.1) may be expressed
by: : ' '

(a-l > aJ) 0.6
(a; > a)) 0.1
(a; > ay) 0.8
(ay > a;) 0.7
(a; > ay) 0.2
(ak > aj) 0.5

High values of credibility correspond to preference or indifference
while low values are assigned to incompatible or clearly dominated
alternatives. A membership grade or credibility of 0.9 that a; is bet-
ter than a; indicates a high possibility, where 1 expresses that a; is
definitely better than aj. More details are given in chapter 16.

In specific cases some conclusion can be drawn without any
computation from the alternatives versus criteria array (pay-off
table). For instance, an alternative is for sure better than another
if it dominates with respect to all criteria.
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6.3 ELECTRE I

The goal of ELECTRE I''is to'seiectué"subset of alternatives which are
preferred for most of the crlterla and which do not fail drastically
with respect to one or more criteria. The first attribute is expressed
by the concordance and the second by the discordance index. These two
indices refer to the performance of alternatives with respect to
criteria. “; : B ) s

The output matrix or pay-off matrix F with elements fy contains the
output of alternative a; with respect to criterion 2z, and is given in
any units. Subsequently it. 15 assumed: that a higher .output value is
preferred to a lower output.

6.3.1 Concordance

A weight w is assigned to each criterion z; expressing the importance
of a specific criterion in comparison to other criteria. Often, crite-
ria can be grouped with respect to several subgoals such as the
"preservation .of environmental quality" or the "improvement of regio-
nal economy". In these cases the sum of weights of criteria associated
to one subgoal expresses the preference structure and this should be
considered . in the phase of weighting each criterion. Otherwise 'a bias
might be introduced by weighting. } .

The concordance C(i,j) between any two alternatives i and j is a
weighted measure of the number of criteria for which alternative i is
preferred to or at least as good as.alternative j and is given by:

c(i, ) = sum of weights for criteria where i 2 j
»J total sum of weights

(6.3)

Concordance can be thought of as the weighted percentage of criteria
for which one alternative is preferred to another.

Mathematically, we calculate on the basis of a pairwise comparison
the sum of weights where a; > a; for the cfitefibn zy

Togm e
. i TELONES

zl‘wk; for ‘all k: E*? _-' S - - (6.4)

In the opﬁbéite easelﬁe'deta;n:'
W= X w, for all ki Fu<fy T (6.5)

and for indifferent outcomes:
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W= = L ow. for all k: fysfy | - (6.6)

wt + 172 W=

61, 5) = - " e ' T (6.])
WH + WS + W

Summarizing, the concordance index is based on an ordinal comparison

neglecting the degree of a; being better than aj.

6:3.5’ Discordance | %

To compute the discordanceé an 1nterva1 scale is first defined for each
criterion. The scale Vox 1s used to compare the d1scomf0rt caused
between the "worst" and the "best“ of each criterion. Each criterion
¢an be assigned a different range Vok' The output f*, expressed in any
unit, is mapped on the scale VOk by:

_ o ot .
Vg = I ———f;k . f‘f‘ \ - g : (6.8)
k- fx

£* k stands for the best and {7 for the worst possible result with
respect to criterion k.

In equ. (6.8) a simple linear mapping function was used which
implies that an increase in the output of, say 10%, is appreciated in
the same way, independently from the level of performance. Given this
information, the discordance index D(i,j) expressing the discomfort of
preferring a; compared to a; is defined as:

& . .y _ maximum interval where j>i
D(]-:J) -
total range of scale

(6.9)
or D(i,j) = Max (f - f3)/k" (6.10)

k* = Max (Vo) {k: k = 1,n})

6.3.3 Ranking

To synthesize both the concordance and discordance matrices, threshold
values p, q between (0,1) are defined. In choosing a value of p, the
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decision maker specifies the amount of concordance that is required
for further considerations. In specifying q, he specifies the amount
of discordance he is willing to tolerate. The result of ELECTIRE I is a
preference graph representing a partial ordering of the alternative
systems.

A graph is formed in which each node represents a nondominated
solution. The alternatives which are obtained on the basis of defined
levels of p and q define a subset B. This subset satisfies at least
once the condition: : ‘

c(i,2)>p for £ = 1,m
D(i,2)<q for £ = 1,m (6.11)

In Fig. 6.2 an example of a typical graph is given. The arrows
emanating from the nodes are called directed paths and correspoﬁd to
the pairwise comparison of alternatives. The statement "i preferred_to
- correspoﬁds to a path starting from i in direction of j. This
methodolbgy selects a subset of nondominated alternatives and by
varying p and q the number of elements in B can be controlled. “

The alternatives which are not included in B are not considered as
being attractive solutions. Either they fail in an unacceptable degree
with respect to one or more criteria or their overall performance is
poor.

The selection procedure 1is performed in several steps and is
described below. In the first step the indices C (i,j) and D (i,j) are
calculated according to (6.7) and (6.9).

TABLE 6.1 Concordance and discordance matrices

— s |
| - 0.3 0.4 0.45  0.45 0.4 0.5 |
| 0.7 - 0.6 0.4 0.4 .0.35 0.45 |
| 0.6 0.4 - 0.3 0.3 0.4 0.5 |
¢=| 0.5 0.6 0.7 0.5 0.6 0.4 |
| 0.55 0.6 0.7 0.5 - 0.7 0.45 |
| 0.6 0.65 0.6 0.4 0.3 - 0.35 |
| 0.5 0.55 0.5 0.6 0.55 0.65 -
L _
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(o ; o mx T

| - 0.2 0.2 0.4 0.4 0.4 0.8 |

| 0.25 - 0.25 0.25 0.2 0.25 0.6 |

| 0.2 0.25 - 0.2 0.25 0.2 0.6 |

p=|0.2 0.25 0.2 - ., 0.25 0.2 0.4 |
. | 025 0.2 0.25 . 0.25 .. .- 0.25 0.4 -|
] 0.4 0.4 0.2 0.2 0.25 - 0.4 |-
| 0.4 0.4 0.25 0.25 0.2 0.25 - |

L -

In the next step the DM specifies a minimum concordance condition of,
0.6 and a maximum discordance condition of 0.20) that is C(i, j) = 0.6
and D(i, j) = 0.20. With this specification the graph G, can now be
constructed. The directed paths which appear in the graph are
determined by the set of indices that simultaneously satisfy the
requirement that p = 0.6 and q < 0.20. These indices are:

(3,1), (4,3), (4,6), (5,2), (6,3) and (7,6)

where, for example, (3,1) means that alternative aj is better than aj.

{

FIG. 6.2 Typical graphs for ELECTRE I for p =2 0.6 and ¢
< 0.20 and matrices in table 6.1.

The alternatives included in the set B exhibit different ranks. for
instance, alternative 3 is not a godi solution because 4 and 6 are
bétter candidates. Due to the lack of graphs between 7 and 4, and
between 5 and 4 we can conclude that alternatives 7, 4, 5 are more
attractive than other ones.

. Roy et al. (1968) formalized this approach in defining a kernel K
from the set B which satisfies the following conditions:

* there is no pairwise preference among the elements in set K

* all the elements outside of K are dominated by at least one of the
elements in K
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In our example this yield the following elements for K.
7, 5, 4 and surprisingly 1

Obviously, these are no pairwise preference relations among these
elements and thus the first conditions is satisfied. And all the other
alternatives  {2,3,6} are dominated by at least one of the elements of
K. It is somewhat counter-intuitive ‘that 4dlternative 1 is within the
kernel because it is worse than 3 but 1 is not dominated by 4 and is
therefore included in the kernel. If someone would try to replace 1l by
3 as an element in the kernel he would fail because 4 would dominate 3
and therefore the first condition would be violated.

6.4 ELECTRE II-

As it has been previously stated ELECTRE I does not necessarily
provide a transitive and complete ranking of the alternatives.

ELECTRE II is an extension of ELECTRE I and was developed by Roy
(1968, 1971, 1974, 1975) and Roy and Bertier (1971) and offers a
complete ordering of the nondominated alternatives. This ordering is
accomplished by the construction of outranking relationships based on
the predefined preferences of the DM.

As in the case of ELECTRE I, alternative i 1is preferred to
alternative j (i.e., i outranks j) if and only if the concordance and
the discordance condition are both satisfied. Additionally, multiple
levels of concordance and discordance are specified and are used to
construct two extreme outranking relationsﬁip; that 1is, a strong

relationship Ry and a weak relationship R, which will be briefly
described below.

6.4.1 Concordance

Concordance and discordance definitions of ELECTRE II differ slightly
from those of ELECTRE I. Let W', W™ and W be defined as in the case
of ELECTRE I. That is, W' represents the sum of the weights for which
alternative i is préferred to alternative j, W™ represents the sum of
the weights for which alternative i is indifferent to alternative j,
and W represents the sum of weights for which alternative j is
preferred to alternative i. With this observatlon, the concordance
index for ELECTRE II is defined as:

. Wt + W=
Cli, i) = s w=”+ . (6.12)
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The concordance test is a necessary condition for -alternative ‘i to
outrank alternative j, and is expressed by the following inequalities:

c(i,j) > p
and v TETL : v b o (6e13)

wt>w :
where: 0. < p.<.1 dis:the .required. minimum level. of concordance. -In the
concordanceé ‘matrix:=those .-values ‘which:also satisfy the condition W+ >
W willsbe:marked ‘with a superscript asterisk (%). 5

-

6.4.2 Discordance -

Again,-the disctordance index: is obtained by mapping the outcome fy of
alternative a; with respect to criterion zy, in an interval scale. This
procedure provides the opportunity to compare criteria expressed in
different units and is here formulated in a more general form than
previously. The scaled cardinal difference of two alternatives i and j
with respect to criterion 'k is:

d'jx = (Fj= £9/F(Vor,S(k))  for all fy < £ . (6.14)
and the worst is the discordance measure
d(i,j) = Max (d'y) (6.15)

Vok is the scale of criterion k and S(k) controls the importance of the
difference in the respective outcome. Often, the function F is assumed
to be the same for all criteria and is given by:

F(Vok, S(k)) = Max (Vo) = k*  {kik = 1,m] (6.16)

The general formulation in (6.14) provides the opportunity to assess
discordances differently for each criterion and it could be also used
to consider the level of performance in the discordance index. In
other words the outcomes of two alternatives achieving their goals
(criteria) with 80% and 90% would yield a different discordance index
than :‘in the case where their performance is 20% and: 30%Z. The
denominator in (6.14) would be equal in these cases. . S

Applying eq. (6.16) the discordance index is obtained in the same
way as in ELECTRE I.
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6.4.3 Strong and:weak outranking relationship

Essentlally, ELECTRE II estab11shes a complete ordering on the set of
alternatives being considered such that it satisfies: s
1s The test of concordance (i.e., the concordance measure is above
+'some minimum level of acceptability).
2. The test of nonconcordance (i.e. discordance measure is below
some maximum level of allowable discordance). :

ELECTRE II requires two preference graphs representing the strong
and :weak preferences of the decision -maker. -The strong preference
graph results .from the use of:stringent threshold values;:that:is, the
decision maker is asked to select a:high level ‘of concordance and a
low level of discordance. For the weak preference graph, the decision
maker is asked to relax his threshold values (lower p, higher q).
These relaxed threshold wvalues can be viewed as lower: bounds: on the
system performance that the decision maker is willing to accept. The
algorithm for ordering the systems from preference graphs is presented
by Abi Ghanem et al. (1978). ; v R e

- The outranking procedure consists of constructing two relationships:
- a strong relationship, R,
= and weak relationship, Ry.

When R; is used, a better discrimination 1s obtaLned than using R,,.

In order to define R; and R, let p ’ p , and p° represent three
decreasing levels of concordance such that 0 < p < p? < p* < 1.
Furthermore, let q° and q' represent two increasing levels of
discordance such that 0 < qo < qt < 1. With these specifications Ry is
defined if and only if one (or both) of the following sets of
conditions hold:

“ T c(i,j) > p*
D(i,j) < q° (6.17)
wt > w .

or

II. C(l,_]) > po

D(i,j) < q° : _ (6.18)
Wt > w:

If at least one set of conditions holds, then alternative a; strongly
outranks alternative a;. The weak relationship Ry, is defined if and
only following conditions hold:
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C(i,j) > p
D(i,j) < q* : : (6.19)
Wt > w

Then alternative a; is said to outrank weakly alternative a;. s

As a result of the two pairwise relationships, two graphs- can be
constructed similar to ELECTRE I;: one for the strong relationship and
one fgr the .weak relationship,a;These graphs are then used :in an
iterative procedure to obtain.the desired ranking of the alternatives.
(Fig. 6.3). .

_~'The, final ranking procedure is achieved in a three-stage- process.

First, a downward ranking R is obtained. Next, an uﬁﬁard ranking, R'

is made. Then the final ranking which is called the median:ranking, Rg, .

is achieved which is a blend of the downward and upward rankings. It

is worth to note that here downward and upward does not directly
correspond to Ry and R,. Furthermore, both R; and R, are used to obtain

Rfapd.R' and finally- R,. Sometimes,. downward and upward is replaced by

strong and weak ranking but it should not be confused with R and R,.

.. Downward -ranking corresponds. to select the best, the second best

etc, while the upward ranking tries to find the worst, the second

worst alternative in an ascending order.

A subset Gg; of A which was obtained by.the strong relationship Rg
provides the basis by the downward (strong) ranking procedure. Eight
steps described below have to be taken.

In this subsection the index k refers to an iteration index and 1is
not related to a criterion zy. Let Y(k) be a subset of G; where Y(0) =
Gs. The set of the best alternatives A(k) which will receive the ranks
k + 1 is chosen by using the following algorithm:

Ls Set k = 0.

2; Select all nodes of Y(k) not having a precedent (i.e. the
alternatives not being outranked by other elements). Let H
represent this set.

3. Identify all nodes in H that are related through R, as depicted
in G,. Let U represent this set.

4, Select all nodes in U not having a precedent in G,. Denote this
set as B.

5 Define A(k) as

A(k) = (H - U)uB

where H - U is the relative complement of U with respect to U, that
is, H - U = {x:xeH, xe¢U}.

6. Obtain a ranking for every xeA(k) by setting R(x) = k + 1.

7. Set Y (k + 1) = Y(k) - A(k).

8. If Y(k + 1) is the null set, stop. Otherwise set k = k + 1 and
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return to step two.

The upward (weak-)ranking algorithm embodies the above algorithm and
consists of three steps:

1. Reverse the directions of the arcs in Gg and G.
2. Obtain a ranking, a(x), for each alternative x as was done in the
~ strong ranking algorithm (substituting a(x) for R(x) in step 6).
3 Read just the ranking process by setting:
R'(x) = 1'% ayy, ~ alx), (6.20)

where X 1s the set of all nondominated alternatives and -
amax = max a(x)
xeX

The reason is that in the upward ranking procedure the weakest
alternative is identified first and attains the rank 1, and the
second worst the rank 2, etc. To achieve consistency with the downward
ranking equ. (6.20) is applied, changing only the sequence in ranking.
An example is given in Fig. 6.4 and in Tables 6.2 to 6.4.

The final ranking Ry is obtained by locating Ry between R and R'. One
way, suggested by Roy and Bertier (1971) is to define:

5 (6.21)

and then rank in a decreasing manner the wvalues given by the
averaging function m(x). This processes yields the final ranking Ry(x).
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) | ®

(b)

FIG. 6.3 Downward ranking

Strong and weak relationships

(a). Reduced graph of the strong relationship
(b). Reduced graph of the weak relationship.

(= {4)< ()

Inverse of the strong relationship

3 ®

Inyerse of the weak relationshin

FIG. 6.4 Upward ranking
(a) Inverse of the strong relationship
(b) Inverse of the weak relationship

125



TABLE 6.2 Downward ranking procedure

Steps

Result

K

=0

Alternative

Rank

~N oW

T - -~ == = =

{1,2,3)

{2,3)

{2}

{1,2}

=1
{3,4,5,6,7,8,9}

-~ W BN

< R P> macm

{3,5}

{3,5}

{3}

{3}

=2
{"‘!596!?98r9}

~N oW WwN

(ST B -~ = =

{s}
(o}
{o}
{5}
=3
{4,6,7,8,9}

e O = AU W, B S WS T ]

= ® P> W m

{4,6}
{o}

{2}
{4,6}
=4
{7,8,9}

S = AT, B S WL R o

< R PP W =

{7,8,9}
{0}
{e}
{7,8,9}
=35
{o}
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TABLE 6.3 Upward ranking procedure

Steps

Result Alternative

K=20 a

Rank

a(x) R'

~N O W

{7,8,9}

{0}

{0}

{7,8,9} 7
=1 8
{1’293r4r5)6} 9

= R > W @

~N Ovwn B WM

{3,4,6}

(3,4}

{4}

{4,6} 4
=2 6
{1,2,3,5}

< A P W ac @

~ ohnW W

{1,3,5)

(3,5}

{5}

{1,5} 1
=3 5
{2,3}

< A P o

o oW oS WN

{2,3}

(2,3}

{3}

{3}

= 4 3
{2}

o T i - B === =}

~N o WwN

{2}
{o}
(o}
(2}
=5 2
{o}

< = o> W o

127



TABLE 6.4 Final ranking

Alternatives
Downward Rank R
Upward Rank R'
Median Rank R,

N W e
e e e
NN W
s~ B
W W W W
& o
v o~J
LY I R, s o
wvioun oW

6.5 ELECTRE III

The main goal of all the ELECTRE methods is to obtain a preference
relation for all alternatives. This preference r(i,j) expresses the
degree that alternative a; is preferred to a;. r(i,j) = 1 indicates that

J

aj is at least as good as aj.
The preference relation is derived from the concordance index C(i,j)
and the corresponding discordance index D(i,j). This approach implies

among other aspects that
(i, j) = £€j,i)+ O (6.22)

Introducing a preference threshold level rp an alternative a; 1s
preferred to a; ifz

r(i,j) - r(j,i) > ry. (6.23)

It 1is also possible to define instead of ry a function which 1s
dependent on the level of r(j,i) because a difference of 0.2 in the
two preference values has a different meaning on different levels of
preference.

For the comparison of two alternatives a; and a; with respect to the
same criterion three threshold levels or functions are defined:

«t,

* indifference function I,

preference function Py
* veto function V,.

Repeating again, the outcome of a; with respect to zp; is defined as fj;.

If £, < fjp + I,(f;) it can be concluded that a; is at least as good as

a; with respect to z,.
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If £, > £ + Po(f;) aj is better that a; with respect to z.

If f5, > f5 + Vi(f5) then a; is definitely better than a;. Even a
better outcome of a; with respect to another criterion =2y cannot

compensate for.

It is evident that V, > P, > I, > O for any level f;. Note that P,
refers to the comparison of two alternatives with respect to the
criterion z; while Tjj refers to the overall comparison of two
alternatives.

6.5.1 Concordance

The concordance index with respect to a single criterion z ZCy 1is
defined according to: '
ZCU, =1 if fjl’ < fif ER I! (fif)
£~ f£i0 — Pp(f)
ZCijg =
If(fif) ™ Pg(fig)
Defining:
uijf = fjf - fif (6.25)
the concordance matrix is obtained by:
(1) (2) Ujje Py
C(i,j) = Cj = L W, + LWy ok —— (6.26)
Ip - Py

The summation index in the first term is for all £: uje < Iy and in the
second £: Iy < uj < Py (Ostanello, 1983).

Obviously for I; = P, = 0 only the first to expressions in (6.24) yield
reasonable figures and the same results as in ELECTRE I.
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6.5.2 Discordance

Replacing I, by V, yields the respective discordance index ZDyp for a
specific criterion zj.

The preference relation T is obtained from:

rij = cij.dmij
1 bo ZDIJf
dl‘l‘lij =T — 1: cij < ZDijf (6.27)
1

l_cij

6.5.3 Ranking

The preference relation is subjected to a distillation procedure to
assign iteratively ranks to the alternatives. An additional threshold
level ry which was described in (6.23) is required to distinguish among
preference figures. The outranking procedure is quite similar to
ELECTRE II. Three preference schemes are applied: downward ranking,
upward ranking and median ranking, which represents the final order of
alternatives.

6.6 EXAMPLE OF ELECTRE III: HYDROPOWER VERSUS ECOLOGY

Problem Description:

The hydropower potential of the Danube is nearly completely utilized
along its course in Austria. Downstream of Vienna several proposals
for hydropower schemes have been elaborated from which five will be
investigated by ELECTRE III. These alternatives are characterized by
different locations along the downstream section, by different design
criteria such as utilizable head and 1length of impoundment
(Nachtnebel, 1990; Fleischmann, 1986). In this example ELECTRE III is
applied to evaluate the alternatives and to contribute in a rational
way to end this long debate.

The objectives are in:

* increased utilization of national resources, especially of
hydropower potential

economic utilization to support national economy

* the support of navigation

preservation of unique wetland habitats along the Danube.

3%

The criteria characterizing the goals above are
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1. annual power generation (in GWh)

2. installed capacity (in MW)

3. investment cost (10% ATS, 1 US $ = 11,2 ATS)

4. number of locks

5. required area for impoundment dams (hectares)

6. important ecological areas affected by an alternative
7. length of impounded river sections (in km)

The numbering of the alternatives corresponds to the example given in
chapter 10,

The figures are given in Table 6.5. To assure that increasing flgures
express increasing preferences the data were reshaped by 1ntroduc1ng
some upper limits for the criteria. Thus the data in Table 6.6
indicate for instance in column (5) the area of flood plain forests

not required for impoundment dams.

TABLE 6.5 Plan-impact matrix

Alter- Criteria 2

natives
A (1) (2) (3) (4) (5) (6) (7)

(GWh) (W)  (10° ATS) (No) (ha) (ha) (km)

2 409 57.5 5.61 2 20 0 0
6 1718 247.5 24 .88 4 70 500 47.8
8 2000 300 15.66 3 180 495 47.8
9 2008 32055 15.90 3 230 490 47.8
10 2075 365 11.40 2 330 780 37.8
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TABLE 6.6 Rescaled plan-impact matrix

Criteria Z

(1) (2) (3) (4)  (5) (6) (7)
Upper
Limit = = 30.10° ATS 10 500 ha 800 ha -
Unit 1000 GWh 100 MW 10.10° ATS No 100 ha 100 ha 100 km
2 0.409 0.575 2.439 8 4.8 8.0 0.0
6 1.718 2.475 0.512 6 4.3 3.0 0.478
8 2.000 3.000 1.434 7 3.2 3.05 0.478
9 2.008 3.275 1.410 7 2.7 3.1 0.478
10 2.075 3.650 1.860 8 1.7 0.2 0.378

First, the set of threshold levels given in Table 6.7 was applied. The
indifference and the preference levels are 0 and the veto level was
set such to avoid any veto condition. This simplifies the approach to
the ELECTRE I method.

TABLE 6.7 Threshold levels and weights

Criteria Z

1 2 3 4 5 6 7
Weights 1 1 2 1 1 1 1
Indifference 0 0 0 0 0 0 0
Preference 0 0 0 0 0 0 0
Veto level 2 4 2 3 3.5 8.0 e

Based on equ. (6.27) the preference matrix expressing the results of
a pairwise comparison of alternatives with respect to a criterion is
obtained (Table 6.8).
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TABLE 6.8 Preference relations rg = 0.

Alternative At least as good as alternative no
2 6 8 9 10

2 1.0000 0.0676 0.0400 0.0340 0.1117

6 0.0071 1.0000 0.3234 0.1633 0.1043

8 0.1582 0.8750 1.0000 0.6250 0.3750

9 : 0.1156 0.8750 0.6250 1.0000 0.3750

10 0.0057 0.4286 0.6250 0.6250 1.0000
Assuming a threshold level ry = 0 the ranking including upward,

downward and median ranking 1is given in Table 6.9. The applied
procedure is the same as in ELECTRE II.

TABLE 6.9 Ranking results with rg = 0

Alternatives
2 6 8 9 10
Downward 4 5 1 1 3
Upward 1 5 3 3 2
Median rank 2.5 5. 2. 2. 2.5
Subsequently, an increased threshold level is assumed (r = 0.0605).

This level corresponds to the smallest positive difference between two
preference indices namely rpg - rgp = 0.0676 - 0.0071 = 0.0605.
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TABLE 6.10 Ranking results obtained with rg = 0.0605

Alternatives
2 6 8 9 10
Downward 4 4 1 1 3
Upward 1 5 3 3 1
Median rank 2.5 4.5 2. 2. 2.0

A further increase of rg = 0.118 results in an improvement of the rank
of alternative 10. Especially in the upward ranking it achieves the
best position.

TABLE 6.11 Ranking results obtained with rg = 0.250

Alternatives
2 6 8 9 10
Downward 4 4 1 1 3
Upward 1 5 1 1 1
Median rank 2.5 4.5 1.0 1.0 2.0

The effect of changing the weights is given in Table 6.12, where the
weight of the costs is decreased and some environmental indicators are
increased. In other words, more emphasis is on environmental aspects.

TABLE 6.12 Assignment of new weights

Criteria Z
1 2 3 4 5 6 7

Weight 1 1 1 2.5 2.5 1 1

With a rg = 0. the preference relation is given in Table 6.13
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TABLE 6.13 Preference relation matrix

Alternative At least as good as alternative no
2 6 8 9 10
2 1.0000 0.1027 0.0700 0.0686 0.2443
6 0.0041 1.0000 0.6000 0.2967 0.4075
8 0.0858 0.7500 1.0000 0.5500 0.6000
9 0.0627 0.7500 0.6500 1.0000 0.6000 "
10 0.0032 0.1714 0.3810 0.4000 1.0000

The corresponding ranking with rg = 0 is given in Table 6.14

TABLE 6.14 Ranking results with rg = 0

Alternatives
2 6 8 9 10
Downward 4 3 2 1 5
Upward 1 5 4 2 3
Median rank 2.5 4, 3. 1.5 4,

Increasing the threshold level to rg = 0.0059 the ranks given in Table
6.15 are obtained.

TABLE 6.15 Ranking with the weights in 6.12 and rg = 0.0059

Alternatives
2 6 8 9 10
Downward 4 3 2 1 5
Upward I 5 4 1 3

Median rank 2.5 4.0 3.0 1.0 4.0
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Even an increase in ry up to 0.0986 does not change the median ranking
sequence.

TABLE 6.16 Ranking with the weights in 6.12 and r = 0.2190

Alternatives

2 6 8 9 10
Downward 2 2 4 1 4
Upward 1 5 1 1 4
Median rank L:S 3.5 2.5 1.0 4.0

Comparing the ranking obtained with the two sets (Table 6.7 and 6.12)

the following conclusions can be drawn:

L. In the first case alternative 10 1is always better than
alternative 9.

2. In the second case with emphasized environmental objectives
alternative 9 becomes more attractive and should be preferred to
alternative 10 which is now on position &4 (median rank). The
sensitivity with respect to changes in the levels I, P, V has
been also investigated in detail.

6.7 CONCLUSIONS

Comparing the three procedures it can be concluded that they are quite
similar in their structure. All of them try to establish a preference
matrix which is dependent on both the concordance and the discordance
index.

Both indices are obtained from a pairwise comparison of
alternatives and therefore a full ranking of alternatives is difficult
to achieve. In ELECTRE I only a partial ordering of alternatives is
obtained. But by repeating the method with different threshold levels
for concordance and discordance a preferred set of alternatives can be
identified. This method is quite simple and provides a good overview
over the possible rankes of alternatives.

ELECTRE II is based on strong and weak outranking relationship by
introducing two sets of threshold levels. The method provides a
ranking of all alternatives. ELECTRE III utilizes a fuzzy outranking
approach by introducing an indifference, a preference and veto level.
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The concordance and discordance indices are similarly derived as in
the two previously discussed approaches.: Additionally a preference
index r combining the concordance and discordance matrices is used to
achieve a full ranking of alternatives.

With respect to the application of the methods some simple
examples were given.

Summarizing, ELECTRE is one of the few techniques which is able
to handle. .both cardinal and ordinal scales. In principal, the method
could be also used when differences in the performance of two
alternatives are dependent on the performance level itself.

The methodology can only be applied in <case of discrete
alternatives and it is recommendable to use this technique in the case
of a few but quite different alternatives.

Numerous application of the method are found in the literature

and also attempts have been taken to extend this procedure for group
decision making.
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