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Abstract: Decision making is the process of making choices by organizing relevant information and
evaluating alternatives. MCDMs (Multi-Criteria Decision Methods) help to select and prioritize
alternatives step by step. These tools can help in many engineering fields where the problem is
complex and advanced. However, there are some limitations of the different MCDMs that reduce
the reliability of the decision that needs to be improved and highlighted. In this study, Elimination
and Choice Expressing Reality (ELECTRE) NI (Net Inferior), NS (Net Superior), Technique for Order
Preference by Similarity to Ideal Solutions (TOPSIS), Preference Ranking Organization Method for
Enrichment Evaluation (PROMETHEE), VIekriterijumsko KOmpromisno Rangiranje (VIKOR), Multi-
Objective Optimization Ratio Analysis (MOORA), Weight Sum Method (WSM) and Weighted Product
Method (WPM) are applied for the selection of urban heat mitigation measurements under certain
criteria. The models were applied using weighting criteria determined by two ways, (i) the direct
weighting method and (ii) the Analytic Hierarchy Process (AHP), for precise weighting factoring
through pairwise comparison. This numerical research evaluated the reliability of MCDMs using
the same decision matrix under different normalization techniques and shows the impact of AHP
on the decision. The results show that WSM and PROMETHEE provided reliable and consistent
results for all normalization techniques. The combination of AHP with applied MCDMs improved
the frequency of consistent ranking, except with ELECTRE-NS.

Keywords: heat stress; multi criteria decision making; analytic hierarchy process; priority; interventions

1. Introduction

Multi-criteria Decision Methods (MCDMs) are valuable tools to handle the selection
problem. They are based on five components, which are: goals, thoughts of the specialist,
alternatives, criteria, and results. The MCDM requires human recognitions as sources
of information where uncertainty and subjective aspects exist. The decision maker’s
assessments can be expressed by using linguistic terms such as “low importance” or
“brilliant performance”. The idea of these assessments is often subjective because some
criteria that do not have an objective measure, which forces the decision makers to express
their thoughts using numeric scales. There are many MCDM methods which are used
in different fields of study; for example, the Previously Fuzzy logic method [1] has been
applied in the soil sciences [2], supplier’s performance [3], for imprecise information related
to distribution problems [4], in the field of accounting and finance to develop guidelines for
investment decisions [5,6], and in the selection of the appropriate process performance [7].
However, the fuzzy logic method has no potential to measure the level of consistency in
the judgments provided by a decision maker.

AHP is a one of the oldest and most trusted decision-making methods [8]. It is a com-
prehensive technique that has ability to solve the complex decision-making problems by
assembling, quantifying, and evaluating the alternative solution through hierarchies [9,10].
Furthermore, it is easy to implement by experts of other fields and overcomes the resulting
risk of inconsistency. Consistency plays a vital role in AHP. When the consistency ratio
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of the pairwise comparison matrix is greater than 10%, it requires a review of the inputs
to make the results consistent with the provided judgments [11]. The modified version of
Fuzzy-AHP is aimed at removing the vagueness and uncertainty in decision-making, but
due to heavy calculations and a high risk of errors, it is difficult to adapt. In contrast, the
conventional AHP is quite easy to update, completely reliable, and cost effective, and its
analysis can easily be performed by software [12,13]. Previously, the AHP was coupled
with other MCDMs, such as MOORA for public transport service quality [14], ELECTRE
for personnel selection [15], TOPSIS for the evaluation of knowledge sharing capabilities of
supply chain partners [16] and suitable technology transfer strategy for wind turbines [17],
PROMETHEE for the selection of policy scenarios for vehicle fleet [18], VIKOR for the
assessment of school teachers [19], WSM to evaluate the knowledge in supply chain pat-
terns [20], and WPM for the selection of open-source electronical medical records [21]. In
one research, the DEA model was used to assess the performance of small- to medium-
sized manufacturing enterprises, and it showed that the MCDM model combined with
the AHP was more consistent than stand-alone models where the decision was entirely
based on quantitative inputs [22]. The main reason why many companies do not rely on
MCDM methods can be due to the fact that decision makers intuitively notice ranking
errors [23]. However, there is a need to determine the comparative study on the reliability
of the MCDMs. So far, the application of several MCDMs and their comparative study in
the field of Urban Heat Stress (UHS) has not been carried out due to long reasoning, which
is difficult to quantify and scale. This research is based on the selection of interventions to
mitigate outdoor heat stress by using different multicriteria decision applications, such as
PROMETHEE, VIKOR, MOORA, ELECTRE (NS, NI), TOPSIS, WPM, and WSM. The ap-
plied methods are also combined with AHP, which identifies the effectiveness of standalone
application using direct criteria weightage and the impact of AHP on the decision process
in field of UHS. The impact of different normalization methods and coherent frequency in
ranking results obtained from the application of different MCDMs are also investigated.

The article is organized as follows. Section 2 presents the research background and re-
lated work. The underlying concepts and mathematical formulas are given in Section 3. The
research methodology is explained in Section 4. Sections 5 and 6 provides the simulation
results and discussion. The article ends with a conclusion and some perspectives.

2. Research Background

UHS is the current crucial concern for scientists and residents of medium- and large-
sized cities, which are at more risk for heat events. Prolonged exposure can cause heat
exhaustion, cramps, stroke, as well as exacerbate pre-existing chronic conditions, such as
various respiratory, cerebral, and cardiovascular diseases, especially for vulnerable people.
There are many heat mitigation strategies for improving thermal comfort in urban areas.
As human beings, it is our sacred duty to save the environment in which we live, but
decision maker responsibility is much bigger because many remedial measures need to
be implemented on a large scale. The application of MCDMs could be first approach that
assists decision makers to quantitively assess the importance of criteria and the performance
of alternatives in selection processes.

In previous studies, AHP-SWOT, multi-criteria outranking approach, EFDM, FDEMA-
TEL, multi-criteria method by linear regression, TOPSIS, SMCE, Fuzzy-AHP TOPSIS have
been used in the field of UHS [24]. In addition, the AHP method was specifically used to
select the urban heat resilience intervention under certain criteria [25].

From the literature, it was investigated that most popular interventions considered to
deal with thermal stress are white roofs, extensive green roofs, intensive green roofs [26],
planting trees in cities [27], green parking lots, cool roofs, watering methods (sprays in
public areas) [28], green walls, and shades. Figure 1 shows the interventions chosen for this
study that can mitigate thermal discomfort in an urban setting.
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Figure 1. Type of heat resilience interventions.

For our studies, we considered four general criteria to address for the selection process
of interventions (alternatives). These criteria are the following:

• Cost: capital and running cost of the intervention, which is often taken as a non-
beneficial (NB) criterion.

• Environment: impact of the intervention on the level of air, land, and water. For exam-
ple, it might be necessary to know if a recently introduced intervention significantly
improves the previous mean level of air quality.

• Efficiency: cooling effect of intervention in open spaces.
• Durability: intervention capability to withstand the level of heat and remain useful

without requiring additional maintenance after extreme weather events throughout
the service life.

3. Mathematical Models of MCDMs

Eight different MCDMs and seven normalization methods were computed for deciding
the UHS mitigation intervention. Additionally, the AHP was also applied for calculating
the weightage of criteria. The procedure and key equations of methods are given in Table 1.
Mathematical formulas of applied normalized methods are presented in Table 2.
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Table 1. Key equations of MCDMs used in this study.

MCDM Steps Reference

TOPSIS: Technique for Order
Preference by Similarity to

Ideal Solutions

Step 1: make decision matrix

[29]

Step 2: normalize decision matrix
Step 3: weighted normalized decision matrix

rij: normalized decision matrix
Vij = wjrij

wj: weight of the Jth criteria (attribute)
Condition ∑n

j=1 wj = 1
Step 4: ideal best V+j and ideal worst V−j values

If beneficial criteria:
V+j = max

i

(
vij

)
= max

{
vij, i = 1, . . . , m

}
If cost criteria:

V+j = min
i

(
vij

)
= min

{
vij, i = 1, . . . , m

}
Step 5: Calculate the distances of each alternative from the positive ideal

solution and the negative ideal solution

S±i =

√
n
∑

j=1

(
Vij − V±j

)2

Step 6: Calculate the relative closeness to the ideal solution (performance score)

Ri =
S−i

S+
i +S−i

Step 7: Ranking the best alternative

ELECTRE(NI-NS): Elimination
and Choice Expressing Reality

Step 1: make decision matrix

[30]

Step 2: normalize decision matrix
Step 3: weighted normalized decision matrix

vij = R×W =

∣∣∣∣∣∣∣∣
r11 · W1 r12 · W2 K r1n · Wn
r21 · W1 r22 · W2 K r2n · Wn

K K K K
rm1 · W1 rm2 · W2 K rmn · Wn

∣∣∣∣∣∣∣∣
Step 4: concordance and discordance interval sets

Cab =
{

j | vaj ≥ vbj

}
Dab =

{
j | vaj < vbj

}
= J − Cab

Step 5: calculation of the concordance interval matrix
Cab = ∑

j∈C ab

Wj

C =

∣∣∣∣∣∣∣∣∣
− c(1, 2) . . . c(1, m)

c(2, 1) − . . . c(2, m)
...

...
...

...
c(m, 1) c(m, 2) . . . −

∣∣∣∣∣∣∣∣∣
Step 6: Determine the concordance index matrix

−
c = ∑m

a=1 ∑m
b c(a,b)

m(m−1)

e(a, b) = 1 if c(a, b) ≥ −
c

e(a, b) = 0 if c(a, b) <
−
c

Step 7: Calculation of the discordance interval matrix

d(a, b) =
max
j∈Dab

∣∣∣∣Vaj − Vbj

∣∣∣∣
max
j∈Jmn

∣∣∣∣Vaj − Vbj

∣∣∣∣
D =

∣∣∣∣∣∣∣∣∣
− d(1, 2) . . . d(1, m)

d(2, 1) − . . . d(2, m)
...

...
...

...
d(m, 1) d(m, 2) . . . −

∣∣∣∣∣∣∣∣∣
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Table 1. Cont.

MCDM Steps Reference

Step 8: determine the discordance index matrix
−
d = ∑m

a=1 ∑m
b d(a,b)

m(m−1)

f (a, b) = 1 if d(a, b) ≤
−
d

f (a, b) = 0 if d(a, b) >
−
d

Step 9: calculate the net superior and inferior value
Ca: net superior

Ca =
n
∑

b = 1
C(ab) −

n
∑

b = 1
C(ba)

da: net inferior

da =
n
∑

b = 1
d(ab) −

n
∑

b = 1
d(ba)

Step 10: select the best alternative choose highest value of net superior (Ca )
and lowest value of net inferior (da )

PROMETHEE: This method
utilizes a preferential function to
drive the preference difference

between alternative pairs.

Step 1: decision matrix

[31]

Step 2: normalized the decision matrix
Step 3: deviation by pairwise comparison

dj(a, b) = Rj(a)− Rj(b)
Step 4: preference function
pj(a, b) = 0 if dj(a, b) ≤ 0

pj(a, b) = dj(a, b) if dj(a, b) > 0
Step 5: multi-criteria preference index

pij(a, b) = ∑n
j=1 p(a, b)Wj

Step 6: positive and negative outranking flows (a 6= b )
φ+(a) = 1

m−1 ∑n
b=1 pi(a, b)

Step 7: net flow
φ = φ+ −φ−

Step 8: Ranking the best alternative by using highest value of net flow

VIKOR: multi-criteria
optimization and compromise

solution which focuses on
ranking and selecting from a set
of alternatives in the presence of

conflicting criteria.

Step 1: Determine the objective and identify the pertinent evaluation attributes.

[32]

Step 2: normalized decision matrix f
Step 3: Find best and worst

Best:
f+j =

(
fij

)
max

= max
i

(
fij

)
Beneficial attribute

f+j =
(

fij

)
min

= min
i

(
fij

)
Non beneficial attribute

Worst:
f−j =

(
fij

)
min

Beneficial attribute

f−j =
(

fij

)
max

Non beneficial attribute

Step 4: utility measure Si and regret measure Ri

Si =
n
∑

j=1
wj

[
f +j − ( fij)
f +j − f−j

]
Ri = max

j

{
wj

[
f +j − ( fij)
f +j − f−j

]}
Step 5: calculate the value of Qi

Qi = v
[

Si−(Si)min
(Si)max−(Si)min

]
+ (1− v)

[
Ri−(Ri)min

(Ri)max−(Ri)min

]
v = 0 . . . 1 generally taken as 0.5

Step 6: ranking the best alternative with lowest value of Qi
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Table 1. Cont.

MCDM Steps Reference

MOORA: Multi-Objective
Optimization on the Basis of

Ratio Analysis

Step 1: The alternatives and attributes values in the decision matrix:

[33]

Step 2: Normalize decision matrix
Step 3: positive and negative effects:

maximization for beneficial criteria, minimization for non-beneficial (cost)

ybi =
g
∑

j=1
x∗ijwj

ynbi =
n−g
∑
j

x∗ijwj

g is the number of criteria to be maximized
n− g is the number of criteria to be minimized

x∗ij is normalized decision matrix
Step 4: determine the weighted assessment value

yi = ybi − ynbi

yi =
g
∑

j−1
x∗ijwj −

n−g
∑

j=1
x∗ijwj

Step 5: ranking the best alternative
Where alternative has the 1st rank with highest value of yi

WSM: Weighted Sum Method

Step 1: make decision matrix.

[34]

Step 2: normalized decision matrix
Step 3: weighted normalized decision matrix

rij: normalized decision matrix
v(i, j) = r(i, j).w(j)

Step 4: weighted sum

ws(i) =
n
∑

j=1
v(i, j)

Step 5: ranking the best alternative

WPM: Weighted Product Method

Step 1–3: same as WSM
Step 4: weighted product

wp(i) =
n
∏
j=1

v(i, j)

Step 5: ranking the best alternative

AHP

Step 1: Pair-wise comparison matrix of criteria or alternatives

P(i) =
n
∏
j=1

A(i, j)

Pn(i) = (P(i))1/N

Pn(i) =

(
n
∏
j=1

A(i, j)

)1/N

sp =
m
∑

i=1
Pn(i)

Step 2: Criteria weights or alternatives scores:
w(i) = Pn(i)/sp

Step 3: Calculate consistency
w(i) = w(j), where n = m size of A matrix

v(i, j) = x(i, j).w(j)
Step 4: calculate weighted sum value:

sw(i) =
n
∑

j=1
v(i, j)

Step 5: calculate consistency error
R(i) = sw(i)/w(i)

λ
m
∑

i=1
R(i)/mmax

CI = λmax−n
n−1

For n = 4, Ri = 0.9
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Table 2. Mathematical formulas of different normalization methods.

Normalization Abbreviation Beneficial Non-Beneficial

Linear

LN-i Xij =
Xij

Xmax
j

Xij = 1− Xij
Xmax

j

LN-ii Xij =
Xij

Xmax
j

Xij =
Xmin

j
Xij

LN-max-min Xij =
Xij−Xmin

j

Xmax
j −Xmin

j
Xij =

Xmax
j −Xij

Xmax
j −Xmin

j

LN-Sum Xij =
Xij

∑m
i=1 Xij Xij =

1
Xij

∑m
i=1(

1
Xij

)

Enhanced accuracy EAN Xij = 1− Xmax
j −Xij

∑m
i=1

(
Xmax

j −Xij

) Xij = 1− Xij−Xmin
j

∑m ∑
i=1 (Xij−Xmin

j )

Logarithmic LnN Xij =
lnXij

ln(Πm
i=1Xij) Xij = 1−

1−
lnXij

ln(Πm
i=1 Xij )

m−1

Vector VN Xij =
Xij√

∑m
i=1 X2

ij

Xij = 1− Xij√
∑m

i=1 X2
ij

4. Research Methodology

The collection of human perspectives is the first step for implementing any MCDM.
The survey was distributed with the explanation of the purpose of the study. Participants
were asked to participate in quantitative judgment using the linguistic scale, shown in
Figure 2, to assess the importance of criteria and the performance of alternatives (interven-
tions) for UHS mitigation. The experts belonged to academics in the field of urban climate.
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Figure 2. Linguistic scale for rating the importance of criteria and performance of alternatives.

The collected questionnaires were checked, and assessments that contained inconsis-
tencies were discarded and not used for further analysis. After this quality check, it was
observed that 25 ratings could be useful. These judgments were aggregated using geometric
means and then MCDMs, such as ELECTRE-NS, ELECTRE-NI, MOORA, PROMETHEE,
TOPSIS, VIKOR, WPM, and WSM, were applied to prioritize the UHS mitigation alterna-
tives (A1, A2 . . . ). These methods were implemented in two ways: stand-alone, where
direct criteria weights were used, and coupled with AHP (criteria weights calculated by
AHP using the judgment matrix shown in Table 3). Seven different normalization methods
were used for the simple application of MCDMs (stand-alone). The research methodology
is shown in Figure 3.

Table 3. Criteria weight matrix by AHP.

Criteria Cost Efficiency Durability Environment Impacts

Cost 1 2 3 2

Efficiency 1/2 1 2 1

Durability 1/3 1/2 1 1/2

Environment 1/2 1 2 1
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Figure 3. Research methodology.

The inputs for criteria and alternatives using the linguistic scale 1–10 was used, where
high value of scale represents the high importance; for example, cost is a non-beneficial
criterion, and in the case of shades the score was 8, which means it is very expensive, but
the durability score was 5, which means that sometimes shades require maintenance after
windstorms. All inputs were formulated in the decision matrix shown in Table 4, where
criteria weights are given by direct method for the stand-alone application, and criteria
weights are calculated by AHP for the combined approach by using the related formulas in
Table 1.

Table 4. Decision matrix.

Direct weightage 0.45 0.15 0.20 0.20

Weightage by AHP 0.42 0.23 0.12 0.23

Interventions/Criteria Cost Efficiency Durability Environment Impacts

Water features 6 4 4 5

Surfaces 5 4 5 3

Green walls 7 6 6 7

Trees 4 7 8 8

Shades (shelter canopies) 8 4 5 2

NB B B B

5. Results
5.1. Comparative Analysis of Normalization Methods for Applied MCDM

The results show that the logarithmic normalization method had no impact on the
ranking results calculated by the applied MCDMs (except for ELECTRE and VIKOR) when
compared to other normalization methods. In contrast, the same ranking was observed in
PROMETHEE and WSM results using all normalization techniques. Table 5 shows the con-
sistency of similar ranking results using MCDMs under different normalization techniques.
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Table 5. Comparative analysis of normalization methods.

Name Results Consistency

LN-i ELE-NS, ELE-NI, PROMETHEE, WSM

LN-ii ELE-NS, ELE-NI, PROMETHEE, WSM

LN-max-min ELE-NS, PROMETHEE, WSM

EAN ELE-NS, PROM, WSM, WPM

LnN WSM, WPM, TOPSIS, PROMETHEE, MOORA

VN WSM, PROMETHEE, ELE-NS

LN-Sum WSM, PROMETHEE, ELE-NS, ELE-NI

5.2. Priority Ranking

The priority ranking for the selection of heat resilience interventions were calculated
by using direct and AHP criteria weights. The ranking results obtained by stand-alone
MCDM using LnN and AHP-MCDM are shown in Tables 6 and 7, where alternative A1 is
water feature, A2 is surfaces, A3 is green wall, A4 is trees, and A5 is shades, respectively.

Table 6. Rank calculated using MCDMs with LnN method for normalization.

Methods
Alternatives/Interventions Priority Results

A1 A2 A3 A4 A5

1—ELE-NS 3 5 1 2 4

2—ELE-NI 4 5 1 3 2

3—MOORA 2 3 4 1 5

4—PROMETHEE 4 5 1 2 3

5—TOPSIS 3 2 4 1 5

6—VIKOR 2 3 5 1 4

7—WPM 4 5 1 2 3

8—WSM 4 5 1 2 3

Table 7. Rank calculated by AHP-MCDM.

Methods
Alternatives/Interventions Priority Results

A1 A2 A3 A4 A5

1—ELE-NS 4 5 1 2 3

2—ELE-NI 3 4 1 2 5

3—MOORA 3 4 2 1 5

4—PROMETHEE 3 4 2 1 5

5—TOPSIS 3 4 2 1 5

6—VIKOR 3 2 4 1 5

7—WPM 3 4 2 1 5

8—WSM 3 4 2 1 5

5.3. Ranking Frequency Error of Stand-Alone MCDMs and AHP-MCDMs

The obtained ranking results were showing frequency errors when comparing each
applied method, which could mislead the decision. This problem was solved by evaluat-
ing the frequency of the same rankings. The pairwise frequency error was calculated by
Equations (1) and (2). The sum of the standard deviation defines the frequency error and
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assist to observe the variation in decision by applying different MCDMs using the same
judgments. The method aims to check the consistency of the results and to evaluate the
reliability of outcomes. The ends results are shown in the pairwise matrices in Table 8.

Eij =

√√√√ 5

∑
k=1

(
AkMi

− AkMj

)2
(1)

Ej = ∑8
i=1 Eij (2)

where: i = no of rows, j = no of columns, k = no of alternatives, M = no of methods,
A = ranking result of alternative, and Ej = sum of the variation in ranking results.

Table 8. Pairwise comparison of frequency error matrix.

Ranking Frequency of Standalone MCDM

ELE-NS ELE-NI MOORA PROMETHEE TOPSIS VIKOR WPM WSM

ELE-NS 0 2.45 4 1.41 4.47 4.69 1.41 1.41

ELE-NI 2.45 0 5.48 1.41 5.66 5.66 1.41 1.41

MOORA 4 5.48 0 4.69 1.41 1.41 4.69 4.69

PROMETHEE 1.41 1.41 4.69 0 4.90 5.10 0 0

TOPSIS 4.47 5.66 1.41 4.90 0 2 4.90 4.90

VIKOR 4.69 5.66 1.41 5.10 2 0 5.10 5.10

WPM 1.41 1.41 4.69 0 4.90 5.10 0 0

WSM 1.41 1.41 4.69 0 4.90 5.10 0 0

Sum 19 23.48 26.37 17.5 28.24 29.06 17.5 17.5

Ranking Frequency of AHP-MCDM

ELE-NS ELE-NI MOORA PROMETHEE TOPSIS VIKOR WPM WSM

ELE-NS 0 2.45 2.83 2.83 2.83 4.90 2.83 2.83

ELE-NI 2.45 0 1.41 1.41 1.41 3.74 1.41 1.41

MOORA 2.83 1.41 0 0 0 2.83 0 0

PROMETHEE 2.83 1.41 0 0 0 2.83 0 0

TOPSIS 2.83 1.41 0 0 0 2.83 0 0

VIKOR 4.90 3.74 2.83 2.83 2.83 0 2.83 2.83

WPM 2.83 1.41 0 0 0 2.83 0 0

WSM 2.83 1.41 0 0 0 2.83 0 0

Sum 21.5 13.24 7.07 7.07 7.07 22.79 7.07 7.07

6. Discussion

The applied MCDMs were analyzed by considering three criteria in negative and
positive attributes (presented in Table 9) which are:

• Normalization: Positive evaluation is performed for MCDMs that gives the same
results under different normalization techniques, where variations in results are taken
as negative.

• MCDM Frequency: similar ranking results obtained by stand-alone MCDMs are as-
sessed as positive, and high variations are considered as negative.

• AHP-MCDM Frequency: this criterion is used to investigate the impact of coupling
AHP with applied MCDMs, where positive and negative signs show the decrease and
increase in frequency variation of final ranking results, respectively.
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Table 9. Comparative analysis of MCDM.

Methods

Assessment

Normalization
Frequency Error

MCDM AHP-MCDM

TOPSIS - - +

MOORA - - +

PROMETHEE + + +

WPM - + +

WSM + + +

VIKOR - - +

ELE-NS + + -

ELE-NI - - +

The frequency error in the ranking results is illustrated in Figure 4, which shows that
AHP helps to reduce the irregularity of the final ranking due to the pairwise subjective
judgment for calculating criteria weights, which makes more reliable results in decision-
making. It is compatible to combine with all the methods except ELECTRE-NS. The
increased frequency error in ranking was noticed when the ELECTRE-NS model was
coupled with the AHP. It was observed that WSM and PROMETHEE were not affected
using any normalization techniques and gave the same ranking, which proves that they
are the most reliable methods. Moreover, TOPSIS, MOORA and VIKOR models provided
improved results after coupling, but the different normalization techniques could affect the
final outcome.
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Based on provided judgments (Table 4), the priority ranking obtained from the majority
of the MCDMs showed that planting trees in the urban area was an effective cooling strategy
that provides shade, improves air quality, and gives good cooling in certain areas where
green walls improve indoor and outdoor air temperature. Additionally, the green walls
enhance the aesthetics of the property. The watering method to wet the streets in the
summer, planting grass on the surfaces, and water features such as fountains provides the
limited cooling extent and requires extra care. While artificial shadings are expensive to
install in hotspots, there was no co-benefit associated with this intervention.
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7. Conclusions

This study was performed for the selection of intervention to mitigate outdoor UHS
by applying multiple MCDMs. Eight different well known and classical techniques were
computed to evaluate the priority ranking of interventions. A major concern with decision-
making is that different MCDM methods provide different results for the same problem.
For reliability of the outcomes, a comparative study was conducted on the basis of three
criteria, which were (i) influence of normalization techniques, frequency of similar ranking
results by (ii) stand-alone MCDMs, and (iii) AHP-MCDM application. It was observed that
PROMETHEE and WSM were reliable methods in this field among other applied MCDMs,
namely, MOORA, WPM, ELECTRE-NS, ELECTRE-NI, TOPSIS, VIKOR, which are sensitive
methods and, due to variations, these MCDM models provided different priority results.
Additionally, the LnN was a more reasonable normalization technique, and it provided
similar rankings in the majority of applied MCDMs. It was noticed that the coupling of
AHP helped to minimize the frequency error through the pairwise method for criteria
weights, which increased the reliability of the decision.

In this study, the priority of green walls and trees is an arbitrary output of decision
makers. The ranking obtained on the parameters was not a general rule, and this pro-
cedure was carried out to check the reliability. The results were entirely based on the
terrain, the perspectives, characteristics of the pilots, climatic conditions, and inputs of
the decision-makers.

The improved frequency of consistent results by AHP-MCDM revealed that the rank-
ing results mainly depended on the nature and the values of the criteria. The reasonable
disagreement that was observed among the methods did not affect their reliability. As
a result, MCDM models proved generally very effective for dealing with UHS problems
before their implementation and selection of the best ones.

However, a possible limitation of this work is that this comparative conclusion is
based only on the evaluation of ranking errors. Future works are to extend the experiment
with more MCDM models and to perform sensitivity analysis to confirm that the results
would not change.
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AHP Analytic hierarchy process
EFDM Enhanced fuzzy Delphi method
FDEMATEL Fuzzy decision-making trial and evaluation laboratory
SMCE Spatial Multi-Criteria Evaluation
NI Net inferior
NS Net superior
SWOT Strength weakness opportunities and threat
DEA Data envelopment analysis
PROMETHEE Preference Ranking Organization Method for Enrichment Evaluation
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VIKOR Viekriterijumsko Kompromisno Rangiranje
MOORA Multi-Objective Optimization Ratio Analysis
MCDA Multi Criteria Decision Analysis
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