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Abstract- The purpose of this paper isto implement a methodology based on stakeholder’s judgment
with assistance of fuzzy Multi-Criteria Decision Analysis (MCDA) methods to assess the environmental
impact. Fuzzy Analytic Hierarchy Process (FAHP) is used as a multi-level decision-making tool taking
into consideration human evaluation; it captures the vagueness in ordinal judgments obtained from
stakeholder’s filled questionnaires and translates them into priorities which are not vague. Fuzzy
ELECTRE I, known as the elimination and choice trandating reality method is employed to opt for a
solution to mitigate the assessed impacts. Soil, underground, surface water, underground water, air,
aquatic ecology, terrestrial ecology, public health, view, economy are the ten sub-criteria used in
environmental impact assessment, they are subject to the appreciations of six stakeholders groups which
represent the main decision makers (DM): neighbors, enterprises, keys actors, state departments, medias
and resear ch institutions. The set of alternatives comprises the creation of a new landfill site, creation of a
new ringroad, installation of arecycling unit, installation of a lixiviat unit, installation of a biogas unit and
soil stabilization. The use of combined Stakeholder's analysis, Fuzzy AHP and Fuzzy ELECTRE 11l are
the distinguishing features of this paper, they form an integrated decision aiding framework that
congtitutes its novelty. It is applied on the linguistic judgments values to assess the environmental impact.
Thiswork proposes an integrated decision-making approach applied in the case study of the urban waste
landfill of Tangier city in north Morocco.
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|. INTRODUCTION

Municipal solid waste management (MSWM) encompasses the functions of collection, transfer, resource
recovery, recycling and treatment. The primary target of MSWM s to protect the health of the population,
promote environmental quality, develop sustainability and provide support to economic productivity. Waste
management is a problem for most countries around the world because of the increasing volume of waste
material and the paucity of placesto deposit [1]. It has been athreat to environment and public health.

The aim of this paper is to succeed in implementing a decision framework based on fuzzy methods for the
goal of assessing the environmental impacts; the result established a three time process articulated around
stakeholders, Fuzzy Analytic Hierarchy Process (FAHP) and Fuzzy ELECTRE III.

In afirst articulation, stakeholders concerned with environmental issues caused by the landfill of the city of
Tangier were assisted into rationalizing their judgments and evaluations of the criteriainvolved in this matter by
use of Fuzzy Analytic Hierarchy Process (FAHP) ; FAHP, which is the second articulation, is a Multi-Criteria
Decision Anaysis (MCDA) method devised to couple AHP's ability of organizing and analyzing a complex
decision-making situation it acknowledges the psychological nature of humans in decision-making, a nature that
is characterized by qualitative understanding that is better represented by fuzzy set theory rather than
conventional set theory.

The third and last articulation is Fuzzy ELECTRE |1l which was adopted to easily convert linguistic
preferences into fuzzy numbers for choosing the best action from a set of actions, its modeling of preferences
with outranking relations is a complex agorithm trusted to render more reliable rankings than other MCDA
procedures. A sensitivity analysis is conducted to evaluate the robustness of the rankings obtained; it is the last
step of the framework and is based on testing the outranking process on several criteria weight combinations.

Il1.LITERATURE REVIEW

Currently, it is generally agreed that better decisions are implemented with less conflict and more success
when they are driven by stakeholders [2]. The stakeholder analysis theory was born in the ‘60s as a tool for
supporting management processes. It constitutes an approach for understanding a system by identifying the key
actors, and assessing their respective interest in that system. There is a rich body of literature on approaches
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defining stakeholders [3]. Stakeholders can include “any group or individual who can affect or is affected by the
achievement of the organization’s objectives’ [4]. Many applications of stakeholder analysis can be found in
several fields of study, including business management, international relations, policy development,
participatory research and natural resource management [5,6,7,8]. As an analytical tool, the stakeholders theory
has been applied many times in the context of project management [9] while the works in the domain of
environmental decision-making are less consolidated. Stakeholder's andysis is powerful because the role of
various stakehol ders has been recognized as an influential factor in whether a technology succeeds or fails [10].
Rosso et a. speak of five steps to respect in decision-making processes involving stakeholders management,
they form a continuous and iterative procedure : 1) Identification of all relevant stakeholders, 2) Documentation
of stakeholders needs, 3) Analysis and assessement of stakeholders influence/interest, 4) Management of
stakeholders expectations, 5) Design of actions, 6) Revision of the status and repetition of the procedure [3].

Hwang and Yoon (1981) have classified the MCDM methods into two categories. multi-objective decision
making (MODM) and multi-attribute decision making (MADM) [11]. MODM has been widely studied by
means of mathematical programming methods with well-formulated theoretical frameworks [12]. MODM
methods have decision variable values that are determined in a continuous or integer domain with either an
infinitive or a large number of alternative choices, the best of which should satisfy the DM constraints and
preference priorities. MADM methods, on the other hand, have been used to solve problems with discrete
decision spaces and a predetermined or a limited number of alternative choices. The MADM solution process
requires inter and intra-attribute comparisons and involves implicit or explicit tradeoffs (Hwang and Y oon, 1981)
[11]. Several methods have been proposed for solving MADM problems (i.e., Anaytic Hierarchy Process
(AHP), Technique for Order Preference by Similarity to the Ideal Solution (TOPSIS), Preference Ranking
Organization Method (PROMETHEE) and (ELECTRE).

The AHP method breaks down a complex multi-criteria decision problem into a hierarchy and is based on a
pair-wise comparison of the importance of different criteria and sub-criteria [13]. Each item (criterion, sub-
criterion or alternative) would then be further divided into an appropriate level of detail. Once the hierarchy has
been structured, decision makers judge the importance of each criterion in pair-wise comparisons, structured in
matrices. The judgment is performed from the perspective of the direct upper level criterion [14]. AHP is a
subjective method. Saaty suggested the AHP as a decision making tool to resolve unstructured problems [13].
Chang's approach, which is utilized in this work [15], introduced the use of triangular fuzzy numbers for
pairwise comparison scale of fuzzy AHP, and the use of the extent analysis method for the synthetic extent
value Si of the pairwise comparison.

The ELECTRE (ELimination Et Choix Traduisant la REaité) method originated from Roy in the late 1960s.
The ELECTRE method is based on the study of outranking relations and uses concordance and discordance
indexes to analyze the outranking relations among the alternatives. Concordance and discordance indexes can be
viewed as measurements of satisfaction and dissatisfaction that a decision-maker chooses one alternative over
the other [16]. Fuzzy ELECTRE Il was designed to deal with the impreciseness in data with the aim of
reflecting the decision maker’s preferences when criteria are conflicting each other, it introduces the concept of
pseudo-criteria and is based on outranking relations which simulate the fuzziness in comparison of alternatives
and results from concordance, discordance and credibility indices [17,18]; the matrix of alternatives
performances is based on linguistic evaluations egquated with triangular fuzzy numbers. ELECTRE Ill was
successfully implemented in vendor selection [19], group decision support [20], value engineering [21], mineral
prospectivity mapping [22] and waste management [23,24] and environmental impact assessment [25].
ELECTRE Il will use it in our work to rank the solutions addressing the current problems detected by the
environmental analysis.

The Technique for Order Preference by Similarity to an ideal Solution (TOPSIS) is a widely accepted
MCDM technique which is based on the concept that the ideal alternative has the best level for al attributes
considered, whereas the negative-ideal is the one with all the worst attribute values. It defines solutions as the
points that are simultaneously farthest from the negative-ideal point and closest to the ideal point. TOPSIS also
provides an understandable structure and adaptable model calculation procedure. TOPSIS has the ability of
taking various criteria with different units into account simultaneously. In fuzzy TOPSIS, qualitative data can be
converted to fuzzy numbers which are then used in the calculations [26].

The central principle of PROMETHEE is based on the pairwise comparison of aternatives along each
attribute that is to be maximized or minimized. The implementation of PROMETHEE requires relevant
information concerning the weights and the preference function of the attributes. Structuring the decision
problem and determining the weights are great weaknesses of PROMETHEE. The PROMETHEE method also
suffers from the rank reversal problem. This means that, in some cases, the ranking of the alternatives can be
reversed when a new alternativeisintroduced [12].
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For the weight criteria step, Fuzzy AHP is quite well-proven to be applied for this purpose, which ensures the
application at this case. Also, due to the considerable number of criteria evaluated by decision makers, is
important to measure the consistency of the evaluation, and Fuzzy AHP allowsit [42].

The choice for Fuzzy ELECTRE at this case study isjustified by several reasons.

e [tisacommon applied method not only in solid The Fuzzy EL ECTRE approach has a long history of
successful practical applications in waste management [25] [43] [44] [45] [46]. These applications have
paid special attention to the economic, technical, normative, social, political and environmental aspects of
waste management decision processes and have provided great insight in related complex problems
involving conflict analysis and resolution among different stakeholders and interest groups. With ELECTRE,
the DMs are able to take into account economic and socia attributes, in an effort to interlace local
acceptance and financial viability of waste management problems [46]

e Applicable even when there is missing information [42].
e Applicable even when there are incomparable aternatives [42]
e Applicable even when incorporation of uncertaintiesis required [42].
[11. STUDY AREA
Positioned at (467000km, 571500km) in the Conical Conforma Lambert Zone | (the coordinate system of

Morocco), Tangier’s public landfill was put under usein 1970, it islocated in the South East of the city, at 5 km
from its center, on the Road “R.N.2" heading to the city of Tetouan.

Fig 1. Map of location of the landfill site

The landfill is limited in the South by a clay carrier and in the South West by an industrial neighborhood
distant by 1km. In the West, at few hundreds of meters: a residential agglomeration is exposed to it. Only the
Southern limit is actually limited with afence, the remaining limits are accessible to the public.

Geologically its terrain is located on hills characterized by impermeable constitution based on Schist, Clay
and marlstone, this advantage is disturbed by the presence of faults exposing the underground waters, at least
two faults pass right through the site.

The hydrographic network is composed of two rivers surrounding the landfill: “Mghougha’ and “M’laleh”.
These rivers are subject to lixiviat impact which flows along with their waters in the bay of Tangier. Also, the
lixiviat can infiltrates the sub-surface waters but since no aquifer is directly located on the study area, the effect
on underground waters is minimized while the danger for wells remains alarming.

Household wastes represent the prime contributor to the landfill with 83% of wastes coming from homes, this
category of waste is composed from vegetal and animal organic substances (65%) causing odor pollution,
especialy knowing the wind blows from the landfill in the direction of Tangier one (1) day each five (5). Other
categories of waste, both from households and industrial origins, are papers, plastic, tissues, metals, etc.

IV. METHODOLOGY
A. Sakeholders

A list of al potentia groups of stakeholders was made, based on expert consultations according to the
definition of Freeman (1984) [4]. The initia list was then rearranged to identify similar stakeholders that can be
regrouped.

The list was sent back to the experts for validation. Finaly, six large groups of respondents were formed
based on their relation with the landfill and their knowledge.

Once the stakeholders are defined (fig. 4.), a questionnaire was conceived where each participant was asked
to rate the importance of the impact caused by an environmental factor/criterion.
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The factors/criteria were established by experts before being handed to stakeholders for evaluation; they
consist of three mgjor clusters. environmental pollution, ecological alteration and socioeconomic disturbance.
The environmental pollution contains five indicators: soil, underground, surface water, underground water and
air; the ecological alteration contains two indicators: aquatic and terrestrial; the socioeconomic disturbance
includes three indicators: public health, view and economic. The evaluation of acceptability of impacts related to
these indicators is based on judgment of diverse stakeholders and is intended to provide a human appraisal of the
importance of the impact for each criterion.

B. Fuzzy AHP
In most of the real-world problems, some of the decision data can be precisely assessed while others cannot.

Humans are unsuccessful in making quantitative predictions, whereas they are comparatively efficient in
qualitative forecasting [29].

Essentially, the uncertainty in the preference judgments gives rise to uncertainty in the ranking of alternatives
aswell asdifficulty in determining consistency of preferences [30].

Zadeh (1965) has introduced the fuzzy set theory to deal with the uncertainty caused by imprecision and
vagueness of data. Fuzzy set theory unlike other theories is capable of representing vague data. The theory also
allows mathematical operators and programming be applied to the fuzzy domain. A fuzzy set is a class of
objects with a continuum of grades of membership. Such a set is characterized by a membership (characteristic)
function, which assigns to each object a grade of membership ranging between zero and one [31]. In this work,

we use triangular fuzzy numbers to represent a fuzzy number such that F ={ X, ¢ (x), X € R} , where X
takesitsvaluein R ,—co < X < +ooand £ (X) € [0,1]. A fuzzy number is denoted by M = (a,b,c).

With a< b < c, thetriangular membership functions:

1} T
':i aaxab
Ff ?,{ = p:.{ (1)
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]
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Fig 2. Fuzzy triangular number (agraphical representation)
The procedure of fuzzy AHP is presented as follows.

Step 1: Compare the scores of performance by using fuzzy numbers(1,3,5,7,9) , each fuzzy number a is
theTFN (a—La,a+1).

Step 2: Construct the fuzzy comparison matrix A(aij) asfollows:

1 a¢J.£ - l"th.i‘i‘
Jél‘ _ E::_ 1 e E:H (.‘E} (2)
i,  Ea - i
E 1 i=}
“i13,5 7% er 131,571,752 %}
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Fig 3. Triangular Fuzzy numbers used in the comparison matrix

Step 3: row sums ( R ) of the matrix A:
I
R,= ) & 3 ®
I=1

R isaTFN, the sumin fuzzy setsisasfollows:
Ry~ Ifey &y = Bty (slpaffral) = (Zfy aly B off  Eftg af)

Ry — (b omigang )
Step 4: matrix sum (A):
I I

A=) > #) @
i=1 =1
Step 5: the fuzzy synthetic extent for acriterioni is defined as per the equation :
%= R,x &7t (5
The fuzzy arithmetic operations implied in this equation are carried in this fashion:
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Step 6: the weight of acriterion | is:

W, —mlo V(s =8 ) wisre k — 1, . w3 k=L (6)
V isthe degree of possibility of S being greater than S, ; it's afunction comparing fuzzy TFNs:
1 if S, =8,
1] tFL, =m
V(S = 5 = i f e =my (7)
=Wy \
gtlarwisae

(m, — wy) — (. — L)
Step 7: if desired, the normalized weight of acriterion i is:
W
(€S

C. Fuzzy ELECTRE 11

An important drawback of ELECTRE is the need for precise measurement of the performance ratings and
criteria weights [33]. However, in many real-world problems, importance weights and performance ratings
cannot be measured precisely as some DMs may express their judgments using linguistic terms such as low,
medium or high [33]. The fuzzy set theory is idealy suited for handling these ambiguities encountered in
solving MADM problems. Fuzzy logic — together with fuzzy arithmetic — could be used to develop procedures
for treating vague and ambiguous information which is frequently expressed with linguistic variables and whose
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inaccuracy is not particularly due to the variability of the measures, but to the uncertainties inherent in the
available information. Since Zadeh (1965) introduced fuzzy set theory, and Bellman and Zadeh (1970) described
the decision making method in fuzzy environments, an increasing number of studies have dealt with uncertain
fuzzy problems by applying fuzzy set theory [34,35].

In this article, we adopted the ELECTRE |11 method based on fuzzy sets, the method defines the concept of
pseudo-criteria and resorts to weights (which will be collected from the FAHP method), the workflow is as
shown in figure 4.

For a criterion | being considered, three thresholds , p and V are defined that help compare the

performances of two alternatives aand b [23] the comparison is an outranking relation R, aRb means
“aoutranks b” or“ aisat least asgood as b, in fact [19]:

e If aRb and bRa, a isindifferentto b,
e If aRb and NOT bRa, a ispreferredto b,

e If NOT aRb and NOT bRathen a isincomparableto b,

The thresholds help evaluate these three cases of comparison with equations indicating either concordance or
discordance.

The concordance index estimates for each pair of alternatives @ and b the general comparison for all criteria,
itis calculated as per (EQ. 9):

(9)

Where ¢, (a,b) is defined as per (Eq. 10):

(10)

The pand g are the preference and indifference thresholds, g, is the performance function for acriterionK,
thus, g, (@) would be the performance of aternative & for the criterionK .

The discordance index uses the veto threshold V to possibly overrule an outranking relation as measured by
the concordance index, it is possible that an alternative a outranks b globally but still suffers an outranking
from b for aparticular set of criteria by an intolerable margin.

The discordance index is calculated as per (Eq. 11):

(11)
The degree of credibility of an outranking is determined by S function shown in (Eg. 12):
(12

Where & isthe set of indicesj where D, (a,b) > ¢, (a,b).

Notice that if there's only one criterion for which b outranks awhilst a outranks b in general, the credibility of
“@ outranks b is lesser than C(&,b) , should D;(a,b) =1, we have: S(a,b) =0 (i.e: " a outranks b" is
a zero-credible statement”).
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The distillation is a two phase process, it starts by descending ranking where the best rated aternatives are
selected first then from worst to worst, an ascending ranking selects the worst alternatives and finishes with the
best, the algorithm for these rankings uses the qualification score:

Step 1: Set A, suchas A, =max,, {S(a,b)},

Step 2: A cutoff level of outranking A = MaX s, py<i s yiS(& D)}, with S(A, ) = & = Bl

Step 3: for each aternative a determine its A —strength , i.e. the number of aternatives b with
S(a,b) > 4, strengh, (a) =Card(J),J ={be A S(a,b) > 4}

Step 4: for each alternatives a determine its A —Weakness, i.e: the number of alternatives b with
(1-s(2))x S(a,b) > S(b, a)
weakness, (a) =Card(J"),J'={be A (1-s(1))xS(a,b) > S(b,a)}

Step 5: for each alternative determineits qualification Q whichis:

Q(a) = strength, (a) — weakness, (a)

Step 6: the set of alternatives with largest (lowest) qudification is called the first distillate (D1) for the
descending (ascending) distillation,

Step 7: If D1 has more than one alternative, repeat the process on the set D1 until all alternatives have been
classified. If there is a single aternative, than this is the most preferred one. Then continue with the original set
of alternatives minus the set D1, repeating until all alternatives have been classified.

For the final ranking there are several ways for combining both orders. The most frequent is the intersection

of two outranking relations: aRb (a outranks b according to R) if and only if a outranks or is in the same
class as b according to the orders corresponding to both relationships.

D. The Integrated Framework

The stakeholders analysis commences with experts suggesting each a list of stakeholders they think should
be involved in the environmental assessment process, once the contribution of each expert is done, a set of all
possible stakeholders is formed by aggregation of all these contributions, the exhaustive aggregated list is then
subject to a selection process run by the experts. Ultimately, a set of selected stakeholders is extracted, and then
it is hierarchized. All these steps constitutes the stakeholders analysis, a process aming to recognize
stakeholders capable of understanding the problem and assessing its gravity, in the form of verbal judgments,
the identification of the problem and its performances are the work of experts. The verba judgment of impact
are transformed into triangular fuzzy numbers, these, coupled with the criteria that are extracted from the
problem identification are run into Fuzzy AHP for weight extraction, thus, each criterion is endowed with a
weight. Once the weights are determined, the alternatives and performances of aternatives resulting from the
identification of the problem are run into the Fuzzy ELECTRE 111 process which ranks the alternatives. In more
practical terms, the process is developed on these following steps:

Step 1: Stakeholders judges the severity of the impact on a Saaty-like scale; the question was how to convert
these judgments from a quasi-verbal form into a numerical form; with FAHP, such conversion was possible. The
stakeholders are handed forms and asked to express verbally their assessment of the environmental impact, each
stakeholder emits factorial judgments of the impacts which are be aggregated into a general judgment, just as
the global impact of the landfill is the aggregation of several environmental factors impacts. In this way, the
FAHP weights express the contribution of an environmental factor (criterion) to the overall impact.

The values express fuzzy magnitudes of impact’s importance as estimated by stakeholders; the impact is
declined in the defined ten criteria.

Step 2: formulating the pair-wise comparison matrix: the criteria are compared in view of their corresponding
stakeholder’ s score. The fuzzy AHP method calculation are run under Matlab 7.12.0 (R2011a), we obtain these
weights per stakeholder per criterion and then deduce averaged values for criteria weights accounting equally all
stakeholders.

Step 3: A list of waste management alternatives is established, the list includes: 1) planification and
construction of a new landfill site, 2) a new ringroad, 3) arecycling unit, 4) aunit of lixiviat treatment, 5) biogas
unit, 6) stabilization of landfill.

Planification and construction of new landfill site: this solution consists in changing the current landfill site
and choosing a new waste disposal area, this choice must be sustainable and reduce the exposure of environment
to the harms. MCDM and GI'S can be applied to select the new site [36,37].

ISSN : 0975-4024 Vol 7 No 1 Feb-Mar 2015 7



Kaoutar Bennis et al. / International Journal of Engineering and Technology (1JET)

New ringroad: will reduce the transportation flux in the city roads leading to the landfill, thus increasing the
air quality.

Recycling unit: represents an advanced feature in the management of waste disposals and can return
economic and environmental benefits.

Unit of lixiviat treatement: The lixiviat of a dump is a used and complexe water generated the from a humid
content [38], characterized by extremes of pH, biochemical oxygen demand and heavy metals: a combination of
the chemical/physical and biological treatement is needed to maximize the efficiency of landfill leachate
treatment [39].

Biogaz unit: Landfill biogas emissions contain mainly carbon dioxide and methane. In particular, the methane
concentration can be higher than 50% by volume. This means that the calorific value of sanitary landfill biogas
can be higher than 18,000 kJ/N m3; utilizing this gas to produce energy can reduce the landfill impact on the
environment and represent a source for renewable energy [40].

Stabilization of landfill site’s soil: mechanically stabilized earth (MSE) embankments, granular or sand
compaction piles, vertical drains, and the lime/cement deep mixing method can present a means to prevent
landfill’ s landslides.

Step 4 : To fill the performance matrix of the ELECTRE |1l method, we hand the matrix to the decision

makers and ask them to use the ranking system in table 1. This system is an ordinal scale for the criteria, both
discreet and qualitative [41].

TABLE|
The equivalence system used to convert verbal assessment into TFN

Verbal evaluation Description TFEN

VUE Very Uneffective (01,2

UE Uneffective (2,3,4)

ME Moderatly Effective | (4,5,6)

E Effective (6,7,8)

VE Very Effective (8,9,10)

Since each verbal judgment { VUE, UE, ME, E, VE} isrepresented with a TFN, they can be replaced by these
fuzzy numbers which are afterwards defuzzied as per (Eq -13):

DTFN((Lmu)) = ¥V + m® +w3/53 (13)
According to thisformula, the TFN are defuzzied into values as shown in table 2.
TABLEII
Deffuzification table
TFEN Defuzzied TFN
(0,1,2) 1,29099445
(2,3,4) 3,10912635
(4,5,6) 5,06622805
(6,7,8) 7,04745817
(8,9,10) 9,03696114
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Step 1: Stakeholders Analysis
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Fig 4. General schema of the adopted method
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ELECTRE |1l hands the following outputs: an aggregated concordance matrix (Table 8.), an aggregated
discordance matrix (Table 9.), amatrix of credibility (Table 10.), and rankings (figure 7, figure 8, Table 11.).

V. RESULTSAND DIscussiON

Table 3 shows the importance scores for the criteria as given by the stakeholders; it displays the ordina
judgments a stakeholder attribute to a criterion. As per this table, we can already notice that the judgments are
severe, in fact, the weights that the Fuzzy AHP will be extracting cannot express the severity of judgments but
only the difference between criteria, in table 3, we see that a great many deal of values are superior to five (i.e

5, 7,§ ). In fact, only 23 cellsin table 3 hold a value of either 1or é whereas the remainder of 135 cells (112
cells) is a high value (82,96%). Indeed, if we take out the neutral judgment (i.e: 5), the number of cells with a
high value ( 7 , é) amounts to 87, thus representing 64,44% of overall stated judgments.

TABLE 11l
The ordinal judgment values of the severity of impact as assessed by stakeholders
Stakeholder u. T.E uw V. A. A.E S.W.| P.H. S. E.
D1 i 5 3 3 g 1 g g 3 7
El - - - - - = - - = =
D2 1 2 2 = = 1 = = 2 2
D3 i ] 3 i 5 i g g i 7
E2 = = = = = = = = - =
D4 7 7 g 3 g 3 1 g 3 3
D5 5 7 7 7 7 7 7 g : g
E3 D6 5 7 5 7 7 5 7 E 7 7
D7 7 E 7 7 E 7 E E : 7
D8 a 7 7 7 a 7 g g 3 g
E4 D9 7 g 7 3 5 7 5 S 3 7
D10 7 7 g g g 7 7 g 3 g
D11 7 5 5 g E g 7 g ; g
ES = = = = = = = - = =
D12 7 g 7 3 g 7 7 g 3 7
D13 7 7 7 5 7 7 7 E H 3
E6 D14 7 3 5 3 5 3 7 7 7 3
D15 7 7 7 3 5 7 g 7 5 3
TABLEIIV
Pair-wise comparison matrix of criteriafor the "Entreprise" category of stakeholders
Enterprise u. T.E. U.W. V. A. A.E.| SW. P.H. S. E.
U. i 3 178 13 158 3 3 i 175 18
T.E. i 1/3 1/3 13 3 3 i 1/3 13
U.W. i i i : : E i i
V. i i 5 : 3 i i
A. i 5 i 3 i i
A.E. i 3 |48 | 1E | i
S.W. ; j i 173
P.H. 1 173 e
S i i
E. i
Fuzzy AHP | o1 02 |02 lo2 |o 0 0 02 |02
Weights

The pair-wise comparison matrix fills like shown in Table 4. Since this matrix is symmetrical, we only need
to represent the upper triangle). In total, we fill 6 pair-wise comparison matrices, each one representing a group
of stakeholders.
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TABLEV
Weights of criteria as calculated by Fuzzy AHP, the last row is an average per column

U | T.E| uw.| . A. | AE| sw.| PH.| s E.
E1 0 0 0 0 033 |0 0 033 (033 |0
E2 0 0 0.2 0.2 02 0 0 0 0.2 02
E3 025 |0 025 |0 025 |0 025 |0 0 0
E4 011 |011 |011 |01l |01l |0 011 |011 (011 |01l
E5 02 0 0 0 02 0 0.2 0.2 0.2 0
E6 0 0 0 0 0 0 05 05 0 0
vae?;?]?g 0093 [0018 |0093 |0052 [0182 |0 0177 |0191 |0,141 |0,052

The FAHP is known for eliminating weak criteria, this explains the abundance of zeros, if a criterion obtains
a null weight for a stakeholder, it does not justify eliminating it, only the case of the aquatic ecology (ak.a
“aguatic”) deserved a null weight because it isinsignificant for all stakeholders. The row of average weights is
an arithmetic mean of all stakeholders weights for one criterion, each cell represents a weight for a criterion per
a stakeholder, comparing the average weight of a criterion with its weight per stakeholders can revea how the
stakeholders tend to favor or disregard a criterion compared to the remaining stakeholders. Hence, the
evaluations are points in the 3D space defined by the axes { weight, stakeholder, criteria}.

Fig 5. Radar plot comparing weights for criteriaas per stakeholders

The average weights- which are the weights that will be used to continue the study- viewed the public health
to be the most impacted and important factor/criterion (19%); the pollution of surface water (18%) and soil
(14%) is the vector of the endangerment of public health, consequently, air can be linked to the contamination of
soil and water which release biogases, knowing the presence of strong winds in the city of Tangier and the
proximity of the landfill to the urban settlements, the weight of this criterion can be justified (18%).

Fig 6. Average weights of criteriaand their contributation to the environmental impact of the landfill in the city of Tangier

Each alternative is judged for its effectiveness in reducing the El of the landfill. Table 6 displays the
judgment values attributed by the stakeholders to the alternatives. In this table, the judgments are in there verbal

ISSN : 0975-4024 Vol 7 No 1 Feb-Mar 2015 11



Kaoutar Bennis et al. / International Journal of Engineering and Technology (1JET)

form, they are converted into fuzzy triangular number then deffuzied in table 7 where they are inserted in the

performance table of Fuzzy ELECTRE |1l method.

TABLEVI
Table of verbal performance ratings of alternatives
Alternatives
Al A2 A3 A4 A5 A6
u. Crl VE ME ME VE VUE E
T.E. Cr2 VE ME UE VE VUE E
U.Ww. Cr3 VE UE VE VE VUE UE
V. Crd VE UE E E UE UE
A. Cr5 VE ME E ME E VUE
A.E. Cr6 VE UE VE VE ME ME
S W. Cr7 VE UE E E ME ME
P. H. Cr8 VE ME E VE VE VUE
S. Cr9 VE E VUE VUE VUE VUE
E. Cr10 E UE VE UE UE UE
TABLEVII
Performance rating matrix for Fuzzy ELECTRE |11 outranking process
wj (in | . . ) Alternatives
%) 4 P Y Al |A2 |A3 | A4 |A5 |A6
u. Crl 9,35 1,82 3,77 7,75 9,04 5,07 5,07 9,04 1,29 7,05
T.E. Cr2 1,85 1,82 | 3,77 7,75 904 |507 |311 |904 1,29 | 7,05
u.w. Cr3 9,35 182 | 3,77 7,75 (904 |311 |904 |904 129 | 311
V. Crd 518 1,82 3,77 7,75 9,04 311 7,05 7,05 311 311
A. Cr5 18,23 1,89 3,77 7,75 9,04 5,07 7,05 5,07 7,05 1,29
A.E. Cr6 0 1,82 | 3,77 7,75 904 |311 |904 |904 |507 |507
S W. Cr7 17,68 | 1,82 | 3,77 7,75 1904 |311 705 | 705 |507 |507
P. H. Cr8 1907 | 1,82 | 377 7,75 | 907 | 5,07 705 |904 |904 |129
S. Cr9 14,07 1,82 3,77 7,75 9,04 7,05 1,29 1,29 1,29 1,29
E. Cr10 5,18 1,82 3,77 7,75 7,05 311 9,04 311 311 311
TABLE VIII
Concordance matrix
Al A2 A3 A4 A5 A6
Al 1 0,71 0,15 0.6 0.1 0.38
A2 0.98 1 0,59 0,91 04 0,69
A3 0,98 0,86 1 0,84 0,48 0,77
A4 1 0,89 0,39 1 0,46 0,75
A5 1 0,99 0,98 1 1 0,91
A6 0,98 0,98 0,76 0,97 0,61 1
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TABLEIX
Discordance matrix
Al A2 A3 A4 A5 A6
Al 0 0,14 0,20 0,15 0,60 0,37
A2 0,01 0 0,09 0,04 0,27 0,12
A3 0 0,07 0 0,07 0 0,07
A4 0 0 0,07 0 0,24 0,19
A5 0 0 0 0 0 0,05
A6 0,02 0 0,01 0,02 0,29 0
TABLE X
Credibility matrix
Alternatives Al A2 A3 A4 A5 A6
Al 1 0 0,01 0 0 0
A2 0,98 1 0,59 0,91 0,16 0
A3 0,98 0,86 1 0,84 0,47 0,77
A4 1 0,89 0,22 1 0 0
A5 1 0,99 0,98 1 1 0,91
A6 0 0,98 0,76 0 0 1

The graph of aternative's ranking shows the distillated ranking (fig. 7.) and none-distillated rankings (fig. 8.).
In the none-distillated ranking, the outranking relations are displayed by an arrow directed from the outranked to

the outranking aternative.

O ONOPONORO

Fig 7. Digtillated ranking of the six alternatives by ELECTRE |11

ISSN : 0975-4024
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TABLE XI

Definitive ranking of alternatives

Ranking | Label Alternative

1 Al Planification and Construction of new landfill site
2 A6 Stabilization of the landfill site’s soil

3 A4 Unit of Lixiviat Treatment

4 A3 Recycling Unit

5 A5 BioGaz Unit

6 A2 Construction of new Ringroad

VI.SENSITIVITY ANALYSIS

A sensitivity analysis monitors the robustness of the preference ranking among alternatives [25], it proceeds
by creating several weight combinations and executing the ELECTRE method for each one of them. The
changes in rankings indicate to which extent the principal ranking -the one obtained by usage of Fuzzy AHP
calculated weights- is stable.

TABLEXII
Weight combinations of criteria

Crl Cr2 Cr3 |Cr4 | Cr5 |Cr6 |Cr7 [ Cr8 |Cr9 |Cri0
Current weights 0,093 | 0,018 | 0,093 | 0,052 | 0,182 | O 0,177 | 0,191 | 0,241 | 0,052
Casel 0,1 01 0,1 0,1 01 01 0,1 0,1 0,1 0,1
Case?2 09 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011
Case3 0,011 | 09 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011
Case4 0,011 | 0,011 | 0,9 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011
Caseb 0,011 | 0,011 | 0,011 | 09 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011
Case6 0,011 | 0,011 | 0,011 | 0,011 | 09 0,011 | 0,011 | 0,011 | 0,011 | 0,011
Case7 0,011 | 0,011 | 0,011 | 0,011 | 0011 | 09 0,011 | 0,011 | 0,011 | 0,011
Case8 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,9 0,011 | 0,011 | 0,011
Case9 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,9 0,011 | 0,011
Case 10 0,011 | 0,011 | 0011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,9 0,011
Case 11 0,011 | 0,011 | 0011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,011 | 0,9

Table 12 gives the weight combinations, the first row is the current weight combination, the second row (case
1) relates a case where all criteria have equal weights, the rest of the cases favor one criterion over all other. For
each of the remaining cases -from two to eleven-, each time a criterion holds, in turn, 90% of the importance
while the nine other criteria share the left 10%.
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TABLE XIlI
Ranking of alternatives for each weight combination
Ranked 1 Ranked 2 Ranked 3 Ranked 4 Ranked 5 Ranked 6
Current Al A6 A4 A3 A5 A2
Casel Al A6 A4 A3 A5 A2
Case?2 Al A4 A6, A5 A3, A2 - -
Case3 A6 A3 A5 Al A4 A2
Case4 Al A6 A4 A3 A5 A2
Case5 Al A6 A4 A3 A5 A2
Case 6 Al A6 A5, A4, A3 | A2 - -
Case7 Al A6 A4 A3 A5 A2
Case8 Al A6 A4 A3 A5, A2 -
Case9 Al A6 A4 A3 A5 A2
Case 10 A5 Al A6 A4 A3 A2
Case 11l Al A6 A3 A4 A5 A2

In table 13, the resulting rankings show that the alternative A1 is ranked first ten times out of twelve, A6 is
ranked second nine times out of twelve, A4, A3, A5 and A2 are ranked consecutively third, fourth, fifth and
sixth seven times out of twelve. These results point out the overall stability of the ranking obtained by Fuzzy
AHP calculated weights.

In the second case, A6 and A5 are both ranked third while A3and A2 rank fourth, in the sixth case A5, A4
and A3 rank all third and in the eighth case A5 and A2 rank both fifth; such observations suggest that the A4,
A3, A5 and A2 can exchange rankings with regard to one criterion, meaning that these alternatives are relatively
instable criterion-wise although being stable criteria-wise.

VII. CONCLUSIONS

Environmental Impact Assessment faces the difficulty of complexity due to the divergent fields implicated in
it; this complexity causes the model to reduce the reality, thus inducing aloss in its predictive power, it is then
necessary to lower any other source of prediction-loss, especially crispness in human judgments.

The work developed a combined AHP-ELECTRE-Stakeholders methodology to apply for the purposes of
assessing the environmental impact. As for AHP and ELECTRE Ill, fuzzy sets alowed to capture the
indecisiveness the stakeholders encounter in judging the importance of the impact of an environmental
factor/criterion and rating the alternative solutions to mitigate this negative impacts. Such an approach is
comprehensive in practicing Environmental impact assessment (EIA) in the perspective of decision makers (DM)
and is designed to rationalize and confirm their intuitive conclusions.

Tangier is one of the largest cities of Morocco with consequent touristic and economic activities, the
stakeholders, by virtue of the judgments of impact they gave, are overwhelmingly in accord about a negative
judgment of the impact of the current landfill site on public health, surface water and air. This lead the DMs to
favor the action of creating a new site for waste disposal, meanwhile the stabilization of current landfill’s soil
and the installation of alixiviat treatment unit were judged to consequently decrease the environmental impact.

In the future, this method should incorporate a more comprehensive robustness analysis, this will allow
exploring result-variations, which is an even further step in capturing the indecisiveness of stakeholders.
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