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Abstract. Evaluating and ranking the sustainability levels of cities is a complex decision-making task that plays
a crucial role in supporting urban management. This study investigates the application and comparison of Multi-
Criteria Decision-Making (MCDM) methods in the assessment of urban sustainability. Based on a
comprehensive review of existing studies in the field of sustainable development, the research identifies
prevailing trends in the use of MCDM approaches and reveals that their application in specific national contexts
— particularly in Vietnam — remains limited. To address this gap, multiple MCDM techniques are applied to
evaluate and compare the sustainability levels of three major Vietnamese cities — Hanoi, Can Tho, and Ho Chi
Minh City — using a framework based on 17 United Nations Sustainable Development Goals (SDGs). The
results are further examined through sensitivity analysis to identify key criteria influencing the evaluation
outcomes and the robustness of results. The findings demonstrate that different MCDM approaches vary results
due to their data-processing mechanisms and decision logic, highlighting the importance of a multi-method
approach. Overall, the study provides a robust decision-support framework that can assist urban planners in
promoting sustainable urban development in Vietnam and other similar contexts.
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1 Introduction

Sustainable development is considered as the process of
meeting present needs without compromising the ability of
future generations to meet their own, requiring a balance
between economic growth, social progress, and environ-
mental protection [1]. This makes the decision-making
process in sustainable projects inherently complex. To
address this complexity, various multi-criteria decision-
making (MCDM) methods have been applied to support
sustainable development planning. The MCDM system
encompasses a wide range of methods that can be broadly
categorized into three groups [2]|. The first group includes
basic methods, which are simple in design, easy to
implement, and apply linear weighting schemes (e.g.,
WSM, WPM); second, composite indicator-based methods
rely on aggregated indicators for more systematic and
transparent decision-making. The third is a group of
ranking-based methods, which prioritize alternatives based
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on multiple criteria. Many studies have utilized various
MCDM approaches to support decision-making and
evaluate sustainable development-related issues [3, 4].
On September 25, 2015, the 2030 Agenda for Sustain-
able Development was unanimously adopted by the United
Nations. This agenda includes 17 sustainable development
goals (SDGs) and 169 specific targets. It calls for global
cooperation to address shared challenges, aiming for a just,
prosperous, and sustainable world where no one is left
behind. Vietnam has made notable progress in implement-
ing the 2030 Agenda for Sustainable Development.
According to statistics, Vietnam currently ranks 54th
out of 166 countries in terms of sustainable development, a
rise of 34 positions since 2016. Despite these advances,
Vietnam still faces challenges such as development
disparities, rapid urbanization, and environmental pres-
sures. Therefore, evaluating and ranking the level of
sustainable development of cities has become essential.
First, this study conducts a literature review of the past
10 yr to identify trends in the application of MCDM
methods in sustainable development. From an initial pool
of 239 relevant articles, we carefully reviewed the abstracts
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to select 92 studies focusing on the application of one of the
MCDM methods relating to sustainable development
projects. Based on these studies, it is evident that the
application of MCDM in case studies remains relatively
limited, particularly within Asian contexts (specifically
with no documentation in Vietnam). Moreover, most of
these studies tend to apply individual MCDM methods in
isolation, without comparing or cross-validating the results
across different methods. This can reduce the accuracy and
objectivity of the findings and limit the persuasiveness of
the conclusions.

In the second section, this study aims to address the
problem of evaluating and ranking the level of sustainable
development among three Vietnamese cities — Hanoi,
Can Tho, and Ho Chi Minh City — by integrating two
groups of MCDM methods: composite indicator-based
methods and ranking-based methods. Four of the most
widely used techniques are employed: AHP, TOPSIS,
ELECTRE, and PROMETHEE. The study adopts 28
evaluation criteria derived from 14 SDGs and uses a
scientifically validated set of weights from the study by
Londofio-Pineda et al. (2021) [5]. These weights reflect the
relative importance of economic, social, and environmen-
tal criteria, thereby ensuring a comprehensive and
objective assessment. An empirical study was conducted
to collect data from three representative cities in Vietnam.
The data collection process involved synthesizing official
statistical reports and local development documentation
and analyzing key indicators of the selected cities.
Additionally, a sensitivity analysis was conducted to
verify the reliability of the results. It also served as an
important tool to compare the differences in evaluation
outcomes among various MCDM methods and to examine
the differing impacts of each criterion on the final results.
The results of this study not only reflect the current state
of sustainable development but also provide strategic
directions to enhance urban management effectiveness in
the future.

2 Material and methods
2.1 Methodology of literature review

The search string TITLE-ABS-KEY (“multi-criteria deci-
sion-making” OR “mcdm” AND “sustain®™” AND “cit*” AND
“AHP” OR “TOPSIS” OR “ELECTRE” OR “PROME-
THEE”) was used to find journals and conference papers in
English through Beluga — UGA’s online library. Initially,
239 publications were identified, but after considering only
review articles published since 2015, the number was
reduced to 224. The next step involved scanning abstracts
and removing duplicates to further refine the results. After
the initial screening process, a total of 224 articles were
included in the analysis. Of these, there are 132 review
articles focusing on systematizing knowledge and 92
applied studies that implemented MCDM methods. The
summary table of the reviewed articles is provided in
Appendix (Tab. Al).

In terms of research levels, studies can be categorized
into four distinct stages: concept, model, experiment, and
evaluation [6]. At the concept stage, research papers only

. Multidisci. Des. Optim. 17, 6 (2026)

present theoretical frameworks and outline general research
directions based on a literature review. At the model stage,
not only is the theory discussed, but the importance of
evaluation criteria for the issue is also considered. In the
experiment stage, alternative approaches are examined
using hypothetical or real datasets to generate ranking
results and select the most suitable option. Finally, at the
evaluation stage, it is essential to assess the model’s results
using supporting tools to verify the reliability of the dataset
and enhance the scientific rigor of the study.

2.2 Multi-criteria sustainability assessment and
sensitivity analysis

The following MCDM methods support the decision-
making process in complex situations where multiple
criteria must be considered simultaneously. In this study,
we apply these four methods — AHP, TOPSIS, ELECTRE,
and PROMETHEE - to evaluate and rank the sustain-
ability levels of Vietnamese cities based on 28 criteria,
using a set of weights inherited from a previous study. The
detailed steps are presented as follows:

Step 1: Determine the criteria set [5] and alternatives.

Among the 17 SDGs set by the United Nations under
the 2030 Agenda to promote global economic, social, and
environmental development, we selected 14 goals relevant
to the three cities under study and identified 28
corresponding evaluation criteria. These 28 criteria and
their associated weights were adopted from a previous
study, as referenced in Section I. The Table 1 below
presents the selected goals and their corresponding criteria:

This research chooses 3 alternatives (Vietnamese
cities), which are Hanoi (4;), Ho Chi Minh City (As)
and Can Tho (A3) to evaluate and rank their sustainability
levels based on the aforementioned criteria set.

The selection of these three cities is not only based on
their prominent socio-economic roles but also aimed at
ensuring representativeness and analytical value. First, the
cities were chosen to capture regional diversity, encom-
passing the three major geographic areas of Vietnam: the
North, the South, and the Mekong Delta. Second, they
exhibit distinct socio-economic characteristics: Hanoi
serves as the national political and administrative center,
Ho Chi Minh City is the country’s largest economic hub,
and Can Tho is the central urban area of the Mekong Delta
— a region that is heavily affected by climate change and
faces urgent demands for sustainable development. Third,
all three cities offer a high degree of data availability,
ensuring consistency and reliability in evaluating sustain-
ability indicators. Finally, these cities are actively
implementing sustainable development policies, making
them suitable case studies for reflecting a more compre-
hensive picture of urban sustainability at the national level
while enhancing the generalizability, comparability, and
practical applicability of the research findings.

Step 2: Apply the weights of the criteria.

The study uses a scientifically validated set of weights
from the study by Londoiio-Pineda et al. (2021) [5] to
ensure objectivity and methodological rigor in the evalua-
tion process. This weighting scheme was developed
through a comprehensive analytical framework that
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Table 1. Indicators for assessing sustainable development.
Sustainable development goals Goal Indicator Indicator
code code
No poverty SDG, Near-poverty rate i
Poverty rate To
Zero hunger SDGy Rate of malnutrition in children under 5 yr old T3
Good health and well-being SDGs Immunization coverage among children under Ty
one year
of age
Under-five mortality rate/1.000 T
MortalityrateforHIV-AIDS /100.000 persons T
Quality education SDG, School attendance rate in primaryschool (5-11 7
yr old)
Secondary school attendance rate (12-17 yr old) g
Schooling rate in higher education (>18 yr old) Ty
Secondary school attendance rate/ 1 teacher 10
Illiteracy rate in people older than 15 yr 11
Gender equality SDGs Percentage of women in municipal councils T1o
Clean water and sanitation SDGg Proportion of households with access to clean I3
water
Percentage of households with toilet facilities T14
Affordable and clean energy SDG, Electricity access rate Ty5
Per capita energy consumption T16
Decent work and economic growth SDGy Unemployment trate 17
Underemployment rate 18
Dependency ratio Z1g
Reduce dinequalities SDGyy  Income inequality index (GINT) Zog
Internet coverage T21
Sustainable cities and communities SDGy; Proportion of agricultural land Too
Concentration of particulate material PM2,5 To3
Responsible consumption and production  SDGi,  Percentage of solid waste used Ty
Life on land SDGy5  Proportion of sustainably managed agricultural To5
land
Peace, justice, and strong institutions SDG¢  Homicide rate Tog
First-instance case rate Ty
Partnerships for the goals SDGy;  Household computer ownership Tog

integrates expert judgment and statistical validation,
reflecting the balanced significance of economic, social,
and environmental dimensions of sustainable develop-
ment. By adopting this established set of weights, the
study avoids subjective bias that may arise from arbitrary
or locally assigned values and ensures comparability with
previous international studies. Moreover, using a scien-
tifically grounded weighting system enhances the credi-
bility and reproducibility of the results, thereby
strengthening the robustness of the city-level sustainabil-
ity assessment.

Step 3: Determine the CR value for the weight matrix.

e

CR_E

where

n

)\-m - .

Step 4: Evaluate the alternatives using AHP, TOPSIS,
ELECTRE, and PROMETHEE methods according to the
formulas and determine the ranking of the alternatives.

The analytic hierarchy process (AHP) is regarded as a
flexible and effective decision-support tool that helps
address complex multi-criteria problems by integrating
both qualitative and quantitative data. AHP enables
decision-makers to identify and synthesize key factors
within problems influenced by multiple variables. This
method operates based on a hierarchical model, in which
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Fig. 1. Diagram of the literature selection process.

the overall goal is positioned at the highest level, followed
by evaluation criteria, and finally, the set of alternatives. It
provides a consistent assessment framework along with
measurable priority indices to support the decision-making
process [7].

The technique for order of preference by similarity to
ideal solution (TOPSIS) is an MCDM method developed
by Yoon and Hwang [8]. This method identifies the optimal
alternative by determining the option that is closest to the
positive ideal solution and farthest from the negative ideal
solution [9]. According to Wang (2007), the positive ideal
solution consists of the best attainable values of each
criterion, whereas the negative ideal solution represents the
worst attainable values. Based on the weights assigned to
each criterion, both ideal solutions are defined. By
comparing the distance coefficients of each alternative,
their priority ranking can be determined [10].

The ELECTRE method addresses preference relations
through pairwise comparisons of alternatives across
individual criteria [11]. Several versions of ELECTRE (I,
II, 11, IV, etc.) have been developed; in this study, the
ELECTRE III approach is applied for ranking alternatives.

PROMETHEE, short for Preference Ranking Organi-
zation METHod for Enrichment Evaluations, is an out-
ranking-based MCDM method used to compare and select
optimal alternatives in complex decision-making problems
[12]. The PROMETHEE family includes PROMETHEE I,
which provides a partial ranking of alternatives, and
PROMETHEE II, which establishes a complete ranking.
The method was originally developed by Brans and first
introduced in 1982 [13]. Later, several extended versions of
PROMETHEE were proposed. In this paper, the PROM-
ETHEE II method is adopted to evaluate and rank the
sustainability performance of cities in Vietnam.

The combination of the four methods is a comprehen-
sive approach, as each method has distinct advantages that
complement each other. Comparing results from multiple

methods helps verify consistency, enhances objectivity in
evaluation, and provides diverse perspectives for decision-
making.

Step 5: Sensitivity analysis by individual criteria using
total decision and stability evaluation through Monte
Carlo simulation.

3 Results
3.1 Findings from the literature review

Figure 1 provides a visual representation of the screening
and selection process of publications conducted during the
literature review. Among 92 studies, 14 remained at the
conceptual stage of the implementation process, reflecting
ongoing theoretical development of MCDM in sustainable
development contexts. However, these articles lack
practical models that would enable a more comprehensive
understanding. Another 14 studies developed analytical
models, indicating potential pathways for addressing
sustainability-related issues. Notably, 44 empirical studies
demonstrated specific real-world cases, suggesting a strong
trend in applying MCDM methods to tackle practical
problems using actual data. Only 20 studies conducted
evaluative analyses — such as sensitivity analysis, scenario
evaluation, or correlation testing — to verify the robust-
ness and reliability of the proposed models. However, the
number of such studies is still limited. These results
indicate a certain degree of diversity in research levels but
an evident imbalance between theoretical development and
practical application.

In terms of research scope, the energy sector over-
whelmingly dominates with 37 studies, followed by civil
engineering and infrastructure (17 studies) and environ-
mental studies (15 studies). Meanwhile, operations and
supply chain management appeared in 11 studies. Other
fields were addressed less frequently, accounting for only 9
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studies in total. With urban planning — particularly that
linked to the SDGs — being underrepresented, appearing
in only 3 fragmented studies [14-16]. This underrepresen-
tation shows a significant research gap in this area,
underscoring the necessity for further research that
incorporates MCDM into urban planning and sustainable
development strategies.

Overall, the analysis demonstrates the growing adoption
of MCDM methods in the field of sustainable development.
However, there remains a lack of balance between theory and
practical application. The scope of application is still skewed,
failing to fully encompass social domains such as urban
planning or broader sustainable development concerns. The
absence primarily liesin studies that incorporate specific case
scenarios followed by sensitivity analyses. This gap opens up
promising avenues for future research to enhance the
application of MCDM methods through more integrated
and interdisciplinary frameworks in the planning and
implementation of sustainable urban development policies.
The current lack of interdisciplinary and multi-dimensional
approaches highlights promising directions for future
research. Such studies could enhance the application of
MCDM by developing more integrated and cross-sectoral
frameworks for sustainable urban development policymak-
ing and implementation.

3.2 Results of the multi-criteria sustainability
assessment and sensitivity analysis

Step 1: Identification of criteria and alternatives.

We constructed a parameter matrix for three alter-
natives, represented by three Vietnamese cities: Hanoi
(A1), Ho Chi Minh City (Az), and Can Tho (Aj), based on a
predefined set of evaluation criteria. The data were
primarily collected from the General Statistics Office of
Vietnam (GSO) [17-21] and several other reliable local
data sources. The data collection process focused on the
most recent 5-yr period (2020-2024). For each evaluation
criterion, data for all three cities were collected from the
same reference year to ensure data timeliness, temporal
consistency, and comparability across cities within the
study. This foundational step provides a basis for
systematic comparison and assessment, thereby support-
ing a more robust and reliable decision-making process.
The parameter matrix of the alternatives is presented in
Table 3.

Step 2: Applying the weight set to the evaluation
criteria.

Based on the weight set presented in Table 2, the
relative importance of each criterion in the sustainable
development assessment can be interpreted as follows.

The weight set indicates the relative importance of each
criterion in the sustainable development assessment.
Criteria with the highest weights (X;, X5, X5, Xo3) reflect
significant concerns regarding public health and environ-
mental pollution. Criteria related to education, such as (X,
Xz, Xo, X190, X11), have moderate weights, indicating their
important but not top-priority role. The remaining criteria
have lower weights, suggesting that while they remain
relevant, their impact is less significant compared to health
and environmental factors. Overall, the weight set reflects

Table 2. Weights assigned to each evaluation criterion

[5]-
Criteria Weight Criteria Weight
7Y 0.023 T15 0.021
T 0.023 T 0.021
T3 0.009 Ty 0.067
Ty 0.108 T8 0.067
I 0.108 Tig 0.009
Tg 0.108 Tog 0.009
Ty 0.038 To1 0.009
I3 0.038 Too 0.009
Ty 0.038 To3 0.108
T 0.038 Toy 0.009
Ty 0.038 Tos 0.009
Tio 0.009 Tog 0.01
13 0.021 o7 0.01
T4 0.021 Tog 0.021
Table 3. Parameter matrix of the alternatives.

Ay A, As
x 0.43 0.57 1.26
Ty 0 0 0.09
T3 4.6 [17] 5.8 [17] 7.6 [17]
Ty 83.6 [17] 94.7 [17] 89.7 [17]
I 12,79 [1§] 11,89 [18] 13 [1§]
T 0,98 [18] 0.56 [18] 4,07 [18]
Ty 77.16 [1§] 76.73 18] 92.09 [18]
T3 86.93 [18] 99 [18] 94.23 [18]
T 70.81 71 50.25
T 25.87 26.53 21.56
1 0.61 [18] 1.18 [18] 3.18 [18§]
Tio 19.7 43.62 18.89
T3 100 [18] 100 [18] 96.2 [18]
Tig 100 [18] 100 [18] 97 [18]
Ty 100 [19] 98.6 [19] 99.7 [19]
Tig 6081.39 [19] 5969.28 [19] 4313.5 [19]
Ty 2.2 [1§] 3.8 [1§] 4.0 [1§]
T8 0.64 [18] 1.76 [18] 2.29 [18]
Ty 50 [21] 27.41 [21] 21.94 [21]
Tog 0.35 [1§] 0.31 [18] 0.33 [1§]
To1 88 [17] 93 [17] 88 [17]
Too 46.4 [20] 30.6 [20] 77.35 [20]
223 59 37 14.2
Toy 94.9 [18§] 91 [18] 93.3 [1§]
Tos 27.4 16 26.55
Zog 0.69 0.62 0.32
To7 7.520 [18§] 4.949 [18] 883 [18]
Zog 55 [18] 54 [18] 28.4 [18]
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Table 4. Calculation steps of the AHP method.

Criteria Weight Ay Ay As

7l 0.023 0.0043 0.0057 0.0126
Iy 0.023 0 0 0.0009
23 0.009 0.046 0.058 0.076
Ty 0.108 0.836 0.947 0.897
T 0.108 0.93 1 0.915
T 0.108 0.571 1 0.138
Ty 0.038 0.7716 0.7673 0.9209
Ig 0.038 0.8693 0.99 0.9423
T 0.038 0.7081 0.71 0.5025
T 0.038 0.833 0.813 1

I 0.038 0.0061 0.0118 0.0318
o 0.009 0.197 0.4362 0.1889
I3 0.021 1 1 0.962
T1g 0.021 1 1 0.97
Ty 0.021 1 0.986 0.997
Tig 0.021 1 0.982 0.709
T17 0.067 0.022 0.038 0.04
I8 0.067 0.0064 0.0176 0.0229
Tig 0.009 0.5 0.2741 0.2194
Tog 0.009 0.891 1 0.937
To1 0.009 0.88 0.93 0.88
Tyo 0.009 0.464 0.306 0.7735
To3 0.108 0.241 0.384 1

Toy 0.009 0.949 0.91 0.933
Tos 0.009 0.274 0.16 0.2655
Tog 0.01 0.464 0.516 1

o7 0.01 0.117 0.178 1

Tog 0.021 0.55 0.54 0.284
Total score 0.543 0.627 0.594

a clear prioritization in the evaluation process, emphasizing
factors that directly affect quality of life and sustainable
development.

Step 3: Calculating the consistency index for the
weight set:

CI
CR “RI— 0.0112 < 10%.

The consistency ratio CR = 0.0112 indicates a very high
level of consistency in the weight set. Despite conducting
simultaneous comparisons among 28 criteria, the CR
remains exceptionally low, demonstrating that the evalua-
tion of the criteria is both objective and reliable. Therefore,
adopting the weight set from previous research is entirely
appropriate. This approach not only saves time but also
ensures scientific rigor in the analysis.

Step 4: Evaluating alternatives using various methods.

Using the weight set and the parameter matrix
collected by the team, we proceeded to rank the
alternatives according to four methods. In this process,

Table 5. Ranking of alternatives based on AHP.

Alternative Total score Ranking
A, 0.627 1
As 0.594 2
Ay 0.543 3

the weights of the criteria were adopted from Londofio-
Pineda et al. (2021), representing the relative importance
of economic, social, and environmental dimensions.
Meanwhile, the performance values of the alternatives
(A1, Ay, A3) were calculated by the research team based on
the collected parameter matrix Table 4.

— AHP method

After calculating the total score for each alternative, we
determined the ranking of the alternatives as presented in
Table 5.
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Table 6. Normalization of the decision matrix.

Ay Ay Az
i) 0.3 0.39 0.87
T 0 0 1
I3 0.43 0.55 0.72
T4 0.54 0.61 0.58
I 0.59 0.55 0.72
T 0.23 0.13 0.96
7 0.54 0.538 0.646
T8 0.537 0.61 0.582
Ty 0.63 0.633 0.448
Tio 0.6 0.619 0.5
Ty 0.18 0.34 0.92
Tio 0.38 0.85 0.37
T3 0.58 0.58 0.56
T4 0.583 0.583 0.566
Tis 0.58 0.57 0.579
Tig 0.637 0.625 0.452
7 0.37 0.64 0.67
T8 0.22 0.59 0.77
Tig 0.82 0.45 0.36
Tog 0.61 0.54 0.58
Toq 0.6 0.54 0.589
Too 0.554 0.3 0.776
To3 0.83 0.52 0.2
Toy 0.59 0.56 0.58
Tos 0.7 0.41 0.58
Tog 0.7 0.63 0.33
Toy 0.83 0.547 0.098
Tog 0.67 0.657 0.346

— TOPSIS method

Based on the parameter matrix in Table 3, the decision
matrix was normalized. The results are as follows by
Table 6.

After obtaining the normalized matrix, the necessary
parameters were calculated, and the results are as follows
by Table 7.

Based on the calculated results above, the ranking of
the alternatives can be clearly determined as follows by
Table 8.

— ELECTRE Il method

The steps for determining thresholds, the concordance
matrix, and the discordance matrix are provided in
Appendix (Tabs. A2, A3, and A4).

From there, the credibility matrix was determined as
follows by Table 9.

The construction of the Z; sequence and the Z,
sequence were carried out using the descending and
ascending distillation processes, respectively.

With y = 0.6, we obtain the matrix T}:

To rank the alternatives, the strengths and weaknesses
of each alternative are calculated to determine the
differences, which are then used to establish the ranking.

From the difference values, the Z; sequence can be
arranged as B — C — A.

With g = 0.8, we obtain the matrix Ts:

Similarly, the strength and weakness differences
between the alternatives are calculated.

From the difference values, the Z, sequence can be
arranged as B — C — A.

From the two sequences, the rankings of the alter-
natives are determined as follows.

— PROMETHEE method

First, the preference functions for each pair of alter-
natives were determined and are attached in Appendix
(Tab. A5).

After identifying the preference functions for each pair,
these values were aggregated to provide an overall view of
the priority level of each alternative compared to the
others.

— Result analysis

After performing the calculations using the four methods,
the consolidated results are presented in the following
Table 17.

The research findings, as presented in Table 18, indicate
that Ho Chi Minh City (A2) ranks highest under three
methods (AHP, TOPSIS, and ELECTRE), whereas Hanoi
(A1) achieves the top position according to the PROM-
ETHEE method. The relative positions of Can Tho (A3)
and Hanoi vary depending on the specific MCDM
technique applied, demonstrating that the analytical logic
inherent to each method influences the final ranking
outcomes. The primary factors contributing to these
differences include the initial criterion weights, data-
processing mechanisms, and the ranking principles distinc-
tive to each method.

First, regarding the weight matrix and the three cities’
dataset, the high prioritization of economic and social
criteria provides Ho Chi Minh City with a substantial
advantage in several methods, as the city performs
exceptionally well in growth, employment, and health—
education indicators. For instance, its strong performance
in child vaccination rates (x4), child mortality rates (xs),
and notably HIV/AIDS mortality rates (xg) yields
significant benefits in methods that rely heavily on
criterion weights and distance measures, such as AHP
and TOPSIS. Thus, x4, x5, and xg can be considered the
most sensitive criteria, exerting major influence on the
ranking of the three cities. Moreover, the environmental
criterion with the highest weight — PM2.5 concentration
(x23) — creates a sharp differentiation among the three
cities: Can Tho (A3) exhibits the best value, followed by Ho
Chi Minh City (As), while Hanoi (A;) records the highest
PM2.5 levels. This disparity largely contributes to Hanoi’s
lower rankings under methods such as AHP and
ELECTRE.
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Table 7. Calculation steps of the TOPSIS method.

Weighted normalized matrix A+ A —
A A, As

x 0.0069 0.009 0.02 0.0069 0.02
2o 0 0 0.023 0 0.023
T3 0.0039 0.005 0.006 0.0039 0.006
T4 0.058 0.066 0.063 0.066 0.058
s 0.064 0.059 0.078 0.059 0.078
Z6 0.0248 0.014 0.104 0.014 0.104
7 0.0205 0.02 0.024 0.024 0.02
Tg 0.02 0.023 0.022 0.023 0.02
Ty 0.024 0.024 0.017 0.024 0.017
Z10 0.028 0.0235 0.019 0.019 0.028
11 0.0068 0.0129 0.035 0.0068 0.035
Z19 0.0034 0.0077 0.0033 0.0077 0.0033
213 0.01218 0.01218 0.0117 0.0121 0.0117
T14 0.0122 0.0122 0.0119 0.0122 0.0119
215 0.01218 0.01197 0.0121 0.0121 0.0119
Z16 0.0134 0.0131 0.0095 0.0134 0.0095
217 0.025 0.043 0.045 0.025 0.045
Z1g 0.015 0.0395 0.0516 0.015 0.0516
Zig 0.0074 0.00405 0.0032 0.0032 0.0074
T 0.0055 0.0049 0.0052 0.0049 0.0055
T91 0.0054 0.0049 0.0053 0.0054 0.0049
To9 0.005 0.0027 0.007 0.007 0.0027
X3 0.09 0.056 0.0216 0.0216 0.09
on 0.0053 0.005 0.0052 0.0053 0.005
X5 0.0063 0.0037 0.0052 0.0063 0.0037
Tog 0.007 0.0063 0.0033 0.0033 0.007
Xo7 0.0083 0.0055 0.0009 0.0009 0.0083
Zog 0.014 0.014 0.0073 0.0073 0.014
Sis 0.0717 0.0479 0.1086
S 0.0989 0.1054 0.0704
C; 0.58 0.688 0.39
Table 8. Ranking of alternatives based on TOPSIS. Table 9. Credibility matrix.
Alternative Total score Ranking A A, As
Ay 0.688 1 Ay 1 0 0
Aq 0.58 2 A, 1 1 0
A 0.39 3 Aj 0 0 1

Second, employment-related indicators such as the
unemployment rate (x;7) and underemployment rate (x;g)
— which receive the second-highest weight in the
weighting scheme — contribute to Hanoi (A;) attaining
the top position in PROMETHEE. The city’s lower
unemployment and underemployment levels, compared
to Ho Chi Minh City (A;) and Can Tho (Aj), increase
the positive outranking flows for A;. This explains why

A, rises to the highest rank in PROMETHEE, even
though it occupies relatively lower positions in AHP and
TOPSIS.

In terms of data-processing mechanisms and ranking
principles, the AHP method employs a relatively straight-
forward approach by aggregating the weighted scores of
alternatives across all criteria. As a result, the final
rankings are heavily influenced by the criteria groups
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Table 10. Matrix T1.

Table 15. Aggregated preference function matrix.

Ay Ay As Ay A, As
A, 1 0 0 Ay 0 0.0773 0.1228
A, 1 1 0 As 0.0257 0 0.1183
A 0 0 1 As 0.0443 0.0686 0

Table 11. Strength and weakness differences based on T'1.

Table 16. Preference flow for the alternatives.

W S Difference Alternative [OFS D— P
A 2 1 -1 Ay 0.2001 0.07 0.1301
A, 1 2 1 A, 0.144 0.1459 —0.0019
A 1 1 Ay 0.1129 0.2411 —0.1282
Table 12. Matrix T2. Table 17. Ranking of alternatives based on PRO-
METHEE.
Ay A, As
A, 1 0 0 Alternative Total score Ranking
A, 1 1 0o 4 0.1301 1
A, 0 0 1 A —0.0019 2
As —0.1282 3
Table 13. Strength and weakness differences based on T2.
Table 18. Summary of results.
W S Difference
A 9 1 1 AHP TOPSIS PROMETHEE ELECTRE
L _
A, 1 2 1 Ay 3 2 1 3
A, 1 1 Ay 1 1 2 1
Az 2 3 3 2

Table 14. Ranking of alternatives based on ELECTRE.

Alternative Ranking
A, 1
As 2
A 3

assigned higher weights. In this study, the healthcare sector
received a high weight, which favored Ho Chi Minh City —
an urban center with well-developed medical infrastructure
— leading it to outperform the other two cities in the
ranking.

TOPSIS is sensitive to the presence of extreme values
(both maximum and minimum); therefore, a criterion with
an exceptionally high or low value can significantly affect
the ranking results. In this study, TOPSIS continued to
rank Ho Chi Minh City first, owing to its well-balanced
performance across all economic, infrastructural, and
development-related criteria. Hanoi ranked second due
to its higher scores in certain aspects such as quality of life
and social development, placing it closer to the ideal
solution compared to Can Tho. Given these characteristics,
both AHP and TOPSIS are suitable for comprehensive

evaluations that involve multiple criteria, especially in
complex decision-making contexts where criterion weights
significantly influence the outcomes and a balance
among economic, social, and environmental dimensions
is required.

In the ELECTRE method, Ho Chi Minh City remained
the top-ranked alternative; however, unlike TOPSIS, this
method is based on the principle of outranking and
emphasizes the dominance relationships between alter-
natives rather than establishing an absolute ranking. Ho
Chi Minh City secured the leading position because, in
most pairwise comparisons, it outperformed both Hanoi
and Can Tho in several key criteria, such as GDP and
infrastructure investment. Specifically, Ay shows a higher
tertiary education enrollment rate (x¢) compared to the
other two cities, reflecting a superior quality of human
capital. The city also performs strongly in household
computer ownership (xo5) and Internet coverage (xa1),
both of which carry substantial weights and directly
strengthen pairwise dominance relations in ELECTRE. In
addition, its lower agricultural land ratio (xs0) indicates a
higher degree of urbanization, giving Ho Chi Minh City an
advantage over Can Tho when evaluating cost-type
criteria. Consequently, Ho Chi Minh City achieves higher
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Fig. 2. Sensitivity analysis results for criterion .

concordance levels in most pairwise comparisons, allowing
ELECTRE to rank it first, despite Hanoi and Can Tho
exhibiting individual strengths in certain other criteria.
Since ELECTRE focuses primarily on outranking relation-
ships, it is particularly well-suited for applications such as
tender evaluation, investment project selection, and
strategic decision-making — contexts in which criteria
may not be directly comparable and vary in terms of
influence.

PROMETHEE was the only method that ranked Hanoi
as the top alternative. This outcome is attributed to the
fact that PROMETHEE not only considers proximity to an
ideal solution but also incorporates preference functions to
assess the dominance between alternatives, placing higher
importance on criteria such as quality of life and
environmental conditions, areas where Hanoi performs
relatively well. As a result, Ho Chi Minh City did not
maintain the leading position under this method. This
suggests that PROMETHEE is more sensitive to criteria
with lower weights, particularly environmental factors,
which leads to a shift in rankings compared to other
methods. PROMETHEE is therefore more suitable for
urgent or specialized decision-making contexts such as
environmental impact assessments, resource allocation,
and policy formulation, where criteria have varying levels
of priority and must be evaluated according to specific
contextual needs.

Based on the above results, it is evident that no single
method can be considered universally optimal; rather, the
choice of method should depend on the specific character-
istics of the problem and the decision-making require-
ments.

Step 5: Sensitivity analysis by individual criteria using
total decision software and stability evaluation through
Monte Carlo simulation.

— Sensitivity analysis by criterion

After analyzing the sustainability ranking results of the
three cities, a sensitivity analysis was conducted for 28
criteria using the Total Decision Software. This software
enables the assessment of the impact of each of the 28
criteria on the ranking outcomes of alternatives within the
AHP ranking method. Based on the extent of change
observed among the alternatives, the sensitivity analysis
chart indicated that criterion Xg (mortality rate for HIV—
AIDS) is the most sensitive, exerting the greatest influence
on the ranking results.
According to Figure 2 above:
— The Y-axis represents the scores of the alternatives.
— The X-axis shows the variation in the weight of criterion
Xg, Tanging from 0% to 100%.
— The initial ranking of the alternatives is indicated by the
vertical red dashed line.

As the weight of criterion xg increases, the score of Ho
Chi Minh City tends to rise significantly, whereas Can
Tho’s score noticeably decreases, and Hanoi’s score is
relatively less affected. Consequently, the intersection
point occurs at a weight of 20%, representing the threshold
at which the rankings of Hanoi and Can Tho switch.

When the weight of x4 decreases, the scores of Hanoi
and Can Tho slightly increase, while Ho Chi Minh City’s
score tends to decline. The crossover point at a weight of
8% marks the threshold where the rankings of Ho Chi Minh
City and Can Tho change. These findings further confirm
that criterion xg is highly sensitive to weight variations and
plays a critical role in assessing the sustainability levels of
the cities.

Another reason for the high sensitivity of x4 is that it
belongs to the group of criteria with relatively large weights
in the overall AHP structure. However, sensitivity in this
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X6/X1 | X6/X2 | X6/X3 | X6/X4 | X6/X5 | X6/X7 | X6/X8 | X6/X9 | X6/X10 | X6/X11 | X6/X12 | X6/X13 | X6/X14 | X6/X15
PHUONG AN | Al Al Al Al Al Al Al Al Al Al Al Al Al Al

0.1 0.543923 [ 0.543923 | 0.544002 [ 0.543996 | 0.543996 [ 0.548185 | 0.550043 | 0.546977 | 0.549352 | 0.533627 | 0.537236 | 0.552515 | 0.552515 | 0.552515
0.2 0.543926 | 0.543926 | 0.544003 | 0.544006 | 0.544006 | 0.5468 |0.548045 | 0.545991 | 0.547583 | 0.537044 [ 0.539414 | 0.549728 | 0.549728 | 0.549728
0.3 0.543929 [ 0.543929 | 0.544004 | 0.544017 | 0.544017 [ 0.546076| 0.547 | 0.545476 | 0.546657 | 0.538837 | 0.540551 | 0.548273 | 0.548273 | 0.548273
0.4 0.5439320.543932 [ 0.544005 | 0.544027 | 0.544027 | 0.545631 | 0.546358 | 0.545159 | 0.546088 | 0.539942 | 0.54125 | 0.5473790.547379]0.547379
0.5 0.543936 | 0.543936 | 0.544006 | 0.544036 | 0.544036 | 0.545331 | 0.545923 | 0.544946 | 0.545703 | 0.540691 | 0.541723 | 0.546775 | 0.546775 | 0.546775
0.6 0.543939[0.543939 [ 0.544007 | 0.544046 | 0.544046 | 0.545115| 0.54561 | 0.544793 | 0.545426 | 0.541233 [ 0.542065 | 0.546339 | 0.546339 0.546339
0.7 0.543942 [ 0.543942 | 0.544008 | 0.544055 | 0.544055 | 0.544952  0.545374 | 0.544678 | 0.545217 | 0.541644 | 0.542323 | 0.546011 | 0.546011 | 0.546011
0.8 0.543945 | 0.543945 | 0.544009 | 0.544064 | 0.544064 | 0.544825 | 0.54519 | 0.544588 | 0.545055 | 0.541966 | 0.542526 | 0.545755 | 0.545755 | 0.545755
0.9 0543948 0.543948 | 0.54401 | 0.544073 | 0.544073 | 0.544724 0.545043 | 0.544517 | 0.544924 | 0.542225 | 0.542689 | 0.545549 | 0.545549 | 0.545549
1 0.543951 | 0.543951 [ 0.544011 | 0.544082 | 0.544082 | 0.544641 | 0.544922 | 0.544458 | 0.544818 | 0.542439 | 0.542822 | 0.545381 | 0.545381 | 0.545381
2 0.54398 | 0.54398 | 0.54402 0544256 0.544355 | 0.544192 [ 0.544319 | 0.543481 | 0.543471 | 0.544586 | 0.544586 | 0.544586
3 0.544008 | 0.544008 | 0.544029 0.544134]0.544168 | 0.544112 | 0.544155 | 0.543871 | 0.54371 |0.544316 | 0.544316 | 0.544316
4 0.544034 | 0.544034 | 0.544038 0.5440820.544082 [ 0.544082 [ 0.544082 [ 0.544082 | 0.543837 | 0.54419 | 0.54419 | 0.54419
5 0.54406 | 0.54406 | 0.544047 0.544058 [ 0.544038 | 0.544071 | 0.544045 0.543918 [ 0.544121 | 0.544121 | 0.544121
6 0.544085 | 0.544085 | 0.544056 0.544048]0.544014 | 0.54407 | 0.544026 0.543975 | 0.544082 | 0.544082 | 0.544082
7 0.544045 | 0.544001 | 0.544074 | 0.544018 0.544018 | 0.54406 | 0.54406 | 0.54406
8 0.5440470.543995 | 0.544081 | 0.544015 0.544053 | 0.544047 | 0.544047 | 0.544047
9 0.5440520.543994 | 0.544089 | 0.544015 0.544082 | 0.544042 | 0.544042 | 0.544042

X6/X16 | X6/X17 | X6/X18 | X6/X19 | X6/X20 | X6/X21 | X6/X22 | X6/X23 | X6/X24 | X6/X25 | X6/X26 | X6/X27 | X6/X28

PHUONG AN| Al Al Al Al Al Al Al Al Al Al Al Al Al

0.1 0.534052 [ 0.534052 [ 0.533759 [ 0.543039 [ 0.550523 | 0.55261 | 0.544252 | 0.538335 | 0.551575 | 0.538654 | 0.542326 | 0.535687 | 0.543921
0.2 0.537483 | 0.537483 | 0.537291 | 0.54335 | 0.548426|0.549841]0.544173 | 0.54049 | 0.549121 ] 0.540359 | 0.54286 | 0.538364 | 0.543926
0.3 0.539298[0.539298 | 0.53916 | 0.543513 | 0.547332 | 0.548396 0.544132 | 0.541652 | 0.547841 | 0.541249 | 0.54314 | 0.539762 | 0.54393
0.4 0.540423 [ 0.540423 [ 0.540317 [ 0.543614 | 0.54666 |0.547509]0.544108 | 0.542381 [ 0.547056 | 0.541796 | 0.543313 | 0.540621 | 0.543934
0.5 0.541189]0.541189 | 0.541106 | 0.543682 | 0.546206 | 0.54691 |0.544091 | 0.542882 | 0.546525 | 0.542167| 0.54343 | 0.5412030.543937
0.6 0.541745[0.541745 0541678 [0.543731 [ 0.545879 [ 0.546477 | 0.54408 | 0.543249 | 0.546142 | 0.542436 [ 0.543515 | 0.541623 [ 0.543941
0.7 0.542168[0.542168 0.542113 [ 0.543769 | 0.545631 | 0.546151 | 0.544071 | 0.543529 | 0.545854 | 0.542639 [ 0.543579 | 0.541941 | 0.543944
0.8 0.5425 | 0.5425 |0.542455]0.543799]0.545438 | 0.545895 | 0.544065 | 0.543751 | 0.545628 | 0.542798 | 0.54363 |0.542191 |0.543947
0.9 0.542768 | 0.542768 [ 0.542731 [ 0.543823 | 0.545283 | 0.545691 | 0.54406 | 0.543932 | 0.545447 [ 0.542926 | 0.543671 | 0.542391 | 0.54395
1 0.542989 [ 0.542989 [ 0.542959 [ 0.543843 | 0.545156 | 0.545522 | 0.544056 | 0.544082 [ 0.545299 | 0.543031 | 0.543705 | 0.542556 | 0.543953
2 0.544082 [ 0.544082 | 0.544082 | 0.543943 | 0.54455 |0.544719]0.544042 0.544595 | 0.543547 | 0.543876 | 0.543356 | 0.543981
3 0.544502 0.543985 | 0.544338 | 0.544437| 0.544042 0.544352 | 0.543742 | 0.543945 | 0.543651 | 0.544008
4 0.544735 0.544011]0.544234 | 0.544296 0.544047 0.544235 | 0.54385 | 0.543988 | 0.543809 | 0.544034
5 0.544888 0.54403 |0.544173 [ 0.544213] 0.544053 0.54417 |0.543922[0.544018 | 0.54391 |0.544058
6 0.544999 0.544045 | 0.544135 | 0.544161 | 0.54406 0.54413 |0.5439750.544043 | 0.543983 | 0.544082
7 0.544059 | 0.54411 |0.544125|0.544067 0.544106 | 0.544017 | 0.544064 | 0.544038
8 0.544071]0.544094 | 0.5441 [0.544075 0.544091 | 0.544052 | 0.544082 | 0.544082
9 0.544082 [ 0.544082 | 0.544082 [ 0.544082 0.544082 [ 0.544082

Fig. 3. Alternative A; — Hanoi.

context should be interpreted carefully. Although
ranking reversals are theoretically observed at the 8%
and 20% weight levels, these values represent theoretical
sensitivity thresholds rather than practically attainable
conditions.

The results presented in Figure 2 indicate that if the
weight of the criterion zg reaches the threshold levels of 8%
or 20%, the rankings of certain alternatives may be
reversed. However, the weights currently adopted in this
study are well below these threshold values. Therefore, in
practical terms, the rankings remain unchanged. This also
explains why the Excel-based tests presented below show
no variation in the rankings when only minor adjustments
are made to the weight of 24 (the results are presented in
Figures 3, 4, and 5). To substantiate this claim, several
analyses based on the obtained results are presented as
follows.

As calculated, the initial ranking scores of Hanoi, Ho
Chi Minh City, and Can Tho are 0.543, 0.627, and 0.594,
respectively.

— At the 8% weight threshold

The ranking scores of Hanoi, Ho Chi Minh City, and Can
Tho are 0.555, 0.600, and 0.610, respectively.

Compared with the baseline scores, Hanoi increases by
0.012 (corresponding to a maximum increase), Ho Chi
Minh City decreases by 0.027 (corresponding to a
maximum decrease), and Can Tho increases by 0.016
(corresponding to a maximum increase).

— At the 20% weight threshold

The ranking scores of Hanoi, Ho Chi Minh City, and Can
Tho are 0.554, 0.695, and 0.570, respectively.

Compared with the baseline scores, Hanoi increases by
0.011 (corresponding to a maximum increase), Ho Chi
Minh City increases by 0.068 (corresponding to a
maximum increase), and Can Tho decreases by 0.024
(corresponding to a maximum decrease).

Subsequently, an analysis was conducted using Excel
by adjusting the values in the original decision matrix to
the minimum and maximum levels of the Saaty scale and
observing the resulting variations in the ranking scores of
the three cities.

The analysis results show in Figures 3, 4, 5:

The results are summarized as follows:

— Hanoi: The lowest score relative to the baseline is 0.534
(a decrease of 0.009), while the highest score relative to
the baseline is 0.553 (an increase of 0.01).
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X6/X1 | X6/X2 | X6/X3 | X6/X4 | X6/X5 | X6/X7 | X6/X8 | X6/X9 | X6/X10 | X6/X11 | X6/X12 | X6/XI3 | X6/X14 | X6/X15
PHUONG AN | A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2

0.1 0.626626] 0.626626 0.627035 | 0.626788 | 0.626788 [0.6289309 | 0.633166 | 0.627841 | 0.6298 |0.6145640.623161|0.6335120.6335120.633168
0.2 0.626658] 0.626658 [ 0.6270510.626974 | 0.626974 | 0.628179 [0.631017]0.627449 [0.628761[0.618551|0.624426 | 0.6313040.631304]0.631072
0.3 0.6266910.626691 | 0.627066  0.627155 | 0.627155 | 0.6278097 | 0.629916 | 0.627268 | 0.628242 | 0.620665 | 0.625093 [0.630165 | 0.630165 0.629991
0.4 0.626723 1 0.626723 | 0.627081 [ 0.627331 | 0.627331 | 0.6276022 | 0.629258 | 0.627176 | 0.627942 | 0.621987 | 0.625509 | 0.629476 | 0.629476 | 0.629339
0.5 0.626755 0.626755 | 0.627097 | 0.627503 | 0.627503 | 0.6274781 | 0.628828 | 0.627131 | 0.627755 | 0.622899 | 0.625795 | 0.629021 | 0.629021 [ 0.628907
0.6 0.626787 0.626787 | 0.6271120.627671 | 0.627671 | 0.6274025 | 0.628532 | 0.627112 | 0.6276340.623572 0.626006 | _0.6287 | 0.6287 |0.628605
0.7 0.626819 0.626819 [ 0.627127 | 0.627835 | 0.627835 | 0.6273575 | 0.62832 | 0.62711 |0.627555|0.6240920.626169 0628466 | 0.628466 | 0.628383
0.8 0.626851]0.626851 |0.627142]0.627995 | 0.627995 | 0.627333 |0.6281650.627119 [0.627504[0.624511| 0.6263 |0.6282890.628289]0.628217
0.9 0.626883 | 0.626883 | 0.627157 | 0.628151 | 0.628151 | 0.6273229 | 0.62805 |0.627136 |0.6274720.624857 | 0.626408 | 0.628153 | 0.628153 [ 0.628089
1 0.626914]0.626914[0.627173 | 0.628303 | 0.628303 | 0.6273233 | 0627964 0.627158 | 0.627455 | 0.62515 |0.626499 [0.628047[0.628047 | 0.62799
2 0.6272210.6272210.627322 0.62756520.627791[0.627507 ] 0.627612| 0.6268 |0.627016] 0.6276890.627689 0.627665
3 0.627516]0.627516] 0.627469 0.627928 |0.6280050.627908]0.6279440.627668 | 0.627295 | 0.627743 | 0.627743 | 0.62773 1
4 0.6278 | 0.6278 [0.627613 0.6283031 | 0.628303 | 0.628303 [ 0.628303 | 0.628303 | 0.627507 | 0.627901 [ 0.627901 | 0.627894
5 0.628072]0.628072 0.627754 0.627689] 0.628095 | 0.628095 | 0.628092
6 0.6283330.628333 | 0.627892 0.627856  0.628303 | 0.628303 | 0.628303
7 0.628028 0.628012
8 0.628161 0.62816
9 0.628291 0.628303

X6/X16 | X6/X17 | X6/X18 | X6/X19 | X6/X20 | X6/X21 | X6/X22 | X6/X23 | X6/X24 | X6/X25 | X6/X26 | X6/X27 | X6/X28

PHUONG AN | A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2

0.1 0.615285]0.615285 [ 0.614901 [ 0.620057 | 0.633952 | 0.632038 | 0.620668 | 0.622126 | 0.632209]0.617852 0624587 | 0.618121 | 0.624731
0.2 0.619282]0.619282[0.619031 | 0.62232 |0.631743 | 0.6304453 | 0.622734 | 0.624078 [ 0.630555 | 0.620819 | 0.625364 | 0.620985 | 0.625377
0.3 0.621441]0.621441 | 0.62126 [0.623509 |0.630598|0.6296214 | 0.62382 |0.625208 [0.629699[0.622374 0.62578 |0.622489 | 0.62573
0.4 0.622813]0.622813 [0.622675 0.624245 | 0.6299 |0.6291213 |0.624493 | 0.625976 | 0.6291790.623336 | 0.626042 | 0.62342 |0.625959
0.5 0.6237760.623776 | 0.623668 | 0.624747 [ 0.629433 | 0.6287879  0.624953 [ 0.626553 [0.628833 | 0.623991 [ 0.626225 [ 0.624057 | 0.626124
0.6 0.6244990.624499 [ 0.624412 0.6251140.629101 | 0.6285516 | 0.62529 |0.627015 0.628587 | 0.624468 [ 0.626363 | 0.624521 | 0.626252
0.7 0.625069 0.625069 | 0.624998 | 0.625396 | 0.628853 | 0.6283767 | 0.625547 | 0.627402 | 0.628405 | 0.624833 [ 0.626471 | 0.624876 | 0.626356
0.8 0.625535] 0.6255350.625476 0.625619 | 0.628663 | 0.6282433 | 0.625752 | 0.627737 | 0.628266 | 0.625121 | 0.62656 |0.6251580.626445
0.9 0.625927[0.625927 | 0.625878 | 0.625801 | 0.628513 | 0.628139 | 0.62592 |0.628034 [0.628158 | 0.625356 0.626635 | 0.625389 | 0.626522
1 0.6262640.626264 | 0.626224  0.625953 |0.628392 | 0.628056 | 0.626061 |0.628303 [0.628071 |0.625551 | 0.6267 |0.625581 0.62659
2 0.628303 0.628303 [ 0.628303 | 0.626763 | 0.62789 [0.62773460.626813 0.627734 0.62657 [0.627107] 0.6266 |0.627074
3 0.629481 0.627147]0.627803 | 0.6277128 | 0.627176 0.627708] 0.62703 [0.627365 |0.627079 | 0.62743
4 0.630368 0.6274130.627827 | 0.6277703 | 0.627432 0.627764]0.627336 ] 0.6275810.627407 | 0.627742
5 0.631098 0.6276290.627896 | 0.6278589 | 0.627641 0.627853]0.627578 | 0.627777 0.627672 | 0.628031
6 0.631724 0.627818]0.627985 | 0.6279621 | 0.627825 0.627957]0.627784 0.62796 [0.6279020.628303
7 0.62799 [0.628086 | 0.6280727 0.627994 0.628069 0.62797 [0.628135 0.62811
8 0.628151]0.628193 | 0.628187 |0.628153 0.628185]0.6281420.628303 [ 0.628303
9 0.6283030.628303 | 0.6283031 | 0.628303 0.628303 | 0.628303

Fig. 4. Alternative Ay — Ho Chi Minh.

— Ho Chi Minh City: The lowest score relative to the baseline
is 0.615 (a decrease of 0.012), whereas the highest score
relative to the baseline is 0.636 (an increase of 0.009).

— Can Tho: The lowest score relative to the baseline is
0.586 (a decrease of 0.008), while the highest score
relative to the baseline is 0.605 (an increase of 0.011).

These results demonstrate that even under extreme
perturbations of expert judgments, the score variations of
the alternatives do not reach the critical ranges required to
trigger ranking reversals (at the 8% and 20% weight
thresholds). Consequently, although criterion zg is theo-
retically the most sensitive criterion, its impact on the final
ranking is limited in practice, and the overall ranking
structure remains stable.

This analysis further confirms that the AHP-based
evaluation framework employed in this study provides a
robust and reliable ranking system.

At the same time, the results indicate that the use of
inherited (exogenous) weights does not have a significant
influence on the final ranking outcomes of the Vietnamese
cities considered in this study. Therefore, within the scope
of the present research, the applied weighting scheme can
be regarded as methodologically appropriate and does not
introduce bias into the ranking results.

— Monte Carlo analysis

To further examine the stability and reliability of the
sustainability ranking results, we applied and analyzed
the Monte Carlo simulation for the three cities. Below are
the results obtained from the Monte Carlo analysis for the
alternatives.

From Figure 6, it can be observed that the distribution
is symmetrical with a clear peak, highly concentrated
around the mean value. Hanoi has the lowest mean value
among the three alternatives, indicating a lower priority
according to the AHP model. However, the narrow
confidence interval suggests good stability. Therefore,
Hanoi exhibits a high level of stability but is not the
optimal alternative in terms of performance.

In the chart for Ho Chi Minh City (Fig. 7), the
mean and P-value are the highest, indicating that it is
the most superior alternative. The confidence interval is
also noticeably wider, resulting in a slightly right-
skewed distribution, yet it remains concentrated around
the mean. The combination of high reliability and
narrow distribution makes this alternative the most
effective and stable. Therefore, Ho Chi Minh City is
prioritized as the top alternative in the sensitivity
analysis.



T.-H.-G. Tran et al.: Int. J. Simul. Multidisci. Des. Optim. 17, 6 (2026)

Confidence wx - @&

Cumulative 0%

Frequencies

X6/X1 X6/X2 X6/X3 X6/X4 X6/XS5 X6/X7 X6/X8 X6/X9 | X6/X10 | X6/X11 | X6/X12 | X6/X13 | X6/X14 | X6/X15

PHUONG AN A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3
0.1 0.597555|0.597555]0.597003 | 0.597514 | 0.597514 | 0.603903 | 0.60431 |0.595946 | 0.605407 | 0.586995 | 0.588924 | 0.604292 | 0.604445 | 0.60496 1
0.2 0.5975160.597516 ] 0.596985 | 0.597271 | 0.597271 | 0.601882 | 0.602155 | 0.59655 | 0.60289 |0.590551 |0.591502 |0.602071]0.602174 [ 0.602522
0.3 0.5974770.597477]0.596967 | 0.597034 | 0.597034 | 0.600789 | 0.600992 | 0.596833 | 0.601537 | 0.592381 | 0.592839 | 0.600891 | 0.600968 | 0.601229
0.4 0.597438|0.597438 | 0.596949 | 0.596804 | 0.596804 | 0.60009 |0.600249 | 0.59698 | 0.600678 | 0.593481|0.593654 | 0.600151 | 0.600212 | 0.600419
0.5 0.5973990.597399 | 0.596932 | 0.596579 | 0.596579 | 0.599593 | 0.599723 | 0.597057 | 0.600072 | 0.594204 | 0.594199 | 0.599638 | 0.599688 | 0.599858
0.6 0.597361 | 0.597361 | 0.596914 | 0.596359 | 0.596359 | 0.599215 | 0.599324 | 0.597094 | 0.599616 | 0.594707 | 0.594587 | 0.599257 | 0.599299 | 0.599443
0.7 0.5973220.597322]0.596896 | 0.596145 | 0.596145 | 0.598913 | 0.599006 | 0.597105 | 0.599255 [ 0.595071 [ 0.594877 | 0.598959 | 0.598996 | 0.59912
0.8 0.597284|0.597284 | 0.596879 | 0.595936 | 0.595936 | 0.598662 | 0.598742 | 0.597099 | 0.598957 | 0.595341 | 0.595099 | 0.598719 | 0.598751 [ 0.598859
0.9 0.597246 | 0.597246 | 0.596861 | 0.595732 | 0.595732 | 0.598447 | 0.598517 [ 0.597081 | 0.598705 | 0.595545 | 0.595274 | 0.598518 | 0.598546 | 0.598642
1 0.597208 | 0.597208 | 0.596844 | 0.595533 | 0.595533 [ 0.598259 | 0.59832 [0.597055|0.598486 | 0.595701|0.595415 | 0.598347 | 0.598372 | 0.598457
2 0.596837 | 0.596837 | 0.59667 | 0.593768|0.593768 |0.597026 | 0.597048 | 0.596602 | 0.597107 [ 0.596125 | 0.596003 | 0.597335 | 0.597346 | 0.597382
3 0.596481/0.596481| 0.5965 |0.5923380.5923380.596209 |0.596216 | 0.596065 | 0.596236 | 0.595903 [ 0.596106 | 0.596751 | 0.596756 | 0.596775
4 0.59614 | 0.59614 |0.596333|0.591156]0.591156|0.595533 | 0.5955330.595533 |0.595533 [ 0.595533 | 0.59608 |0.596293 | 0.596296 | 0.596305
5 0.5958120.595812 | 0.59617 | 0.590162|0.590162 | 0.594934 |0.594929 [ 0.595022 | 0.594917 | 0.59512 |0.596002 | 0.595895 | 0.595896 | 0.5959
6 0.595496 | 0.595496 | 0.596009 | 0.589314 [ 0.589314 | 0.594389 | 0.594382 | 0.594536 | 0.594361 | 0.594701 | 0.595899 | 0.595533 | 0.595533 | 0.595533
7 0.5951920.595192]0.595852 | 0.588583 | 0.588583 | 0.593886 | 0.593877 | 0.594076 | 0.593851 | 0.594289 [ 0.595783 | 0.595196 | 0.595195 [ 0.595192
8 0.5949 | 0.5949 0.595698|0.587945 [0.587945|0.593419]0.593408 [ 0.59364 [0.593377]0.593889 | 0.59566 |0.594878 |0.594877|0.594872
9 0.594618|0.594618 | 0.595546 | 0.587385 | 0.587385 | 0.592981 | 0.592969 | 0.593228 | 0.592935 | 0.593505 [ 0.595533 | 0.594578 | 0.594576 [ 0.594569

X6/X16 | X6/X17 | X6/X18 | X6/X19 | X6/X20 | X6/X21 | X6/X22 | X6/X23 | X6/X24 | X6/X25 | X6/X26 | X6/X27 | X6/X28

PHUONG AN A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3
0.1 0.599462 | 0.587142]0.586821 | 0.589518 [ 0.603255 | 0.604078 | 0.600441 [ 0.604647 | 0.603054 | 0.590276 | 0.604577 | 0.604577 | 0.591348
0.2 0.59881 | 0.5907 | 0.59049 |0.591908|0.601224 [0.601782 |0.599315]0.601704 | 0.601049 | 0.592384 | 0.602149 | 0.602149 | 0.593333
0.3 0.598451 | 0.592517]0.592365 | 0.593147 [ 0.600155 | 0.600575 | 0.598719 [ 0.600016 | 0.599995 | 0.593476 | 0.600871 | 0.600871 | 0.594353
0.4 0.598216| 0.59359 |0.59347410.593901 [0.599492 | 0.599827 | 0.598347 [ 0.598879 | 0.599341 | 0.594141 | 0.600078 | 0.600078 | 0.594965
0.5 0.598044 | 0.594278 | 0.594187 | 0.594405 | 0.599037 [ 0.599315 | 0.598089 [ 0.598035 | 0.598894 | 0.594585 | 0.599534 | 0.599534 | 0.595367
0.6 0.597909 | 0.594741 | 0.594668 | 0.594764 | 0.598705 | 0.598941 | 0.597897 [ 0.597365 | 0.598566 | 0.594901 | 0.599135 | 0.599135 | 0.595646
0.7 0.5977990.595063 | 0.595003 | 0.595031 [ 0.598449 | 0.598654 | 0.597749 [ 0.596809 | 0.598315 | 0.595136 | 0.598829 | 0.598829 | 0.595848
0.8 0.597704 | 0.595288 | 0.595239 | 0.595236 | 0.598245 | 0.598425 | 0.597629 [ 0.596331 | 0.598115 | 0.595316 | 0.598584 | 0.598584 | 0.595999
0.9 0.59762 |0.595447|0.595406 | 0.595397 | 0.598078 | 0.598238 | 0.597528 | 0.59591 |0.597951 | 0.595458 |0.598384 |0.598384 |0.596112
1 0.597545 0.595556 | 0.595523 | 0.595526 | 0.597937 [ 0.598082 | 0.597443 | 0.595533 | 0.597814 | 0.595571 | 0.598215 | 0.598215 | 0.596198
2 0.596996 | 0.595533 | 0.595533 | 0.596058 | 0.597172 | 0.597238 | 0.596943 | 0.592905 | 0.59707 |0.596035 | 0.597295 | 0.597295 | 0.596427
3 0.596578 | 0.594927]0.594939 | 0.59614 [0.596788 | 0.596827 | 0.596656 | 0.591162 |0.596704 | 0.596101 | 0.596833 | 0.596833 | 0.596289
4 0.596206 | 0.594239 | 0.594257 |0.596102 | 0.596511 | 0.596536 | 0.596428 | 0.589818 | 0.596443 [ 0.596063 | 0.5965 | 0.5965 | 0.59606
5 0.59586 |0.593565 |0.593587|0.596017 | 0.59628 |0.596296 | 0.596226 | 0.588725 |0.596227 [ 0.595982 | 0.596222 | 0.596222 | 0.595801
6 0.5955330.592931(0.592956 | 0.595909 | 0.596074 | 0.596084 | 0.59604 | 0.58781 |0.596035 | 0.595881 | 0.595974 | 0.595974 | 0.595533
7 0.5952210.592343 | 0.592369 | 0.595789 | 0.595884 | 0.595889 | 0.595864 | 0.587031 | 0.595858 | 0.59577 |0.595747 | 0.595747 | 0.595263
8 0.594923 0.5917990.591827 | 0.595662 | 0.595704 | 0.595706 | 0.595695 | 0.586357 [ 0.595691 | 0.595653 | 0.595533 | 0.595533 | 0.594997
9 0.594637|0.5912970.591326 | 0.595533 | 0.595533 | 0.595533 | 0.595533 | 0.585768 | 0.595533 | 0.595533 | 0.595329 | 0.595329 | 0.594736

Fig. 5. Alternative A3 — Can Tho.
Dist Disnlav
Froruencies Ha Noi's Histogram
1200
1000

800 Lower Confidence: 0.24%

600 — Higher Confidence: 0.36%

400 —

200 —

0
0 T
-0.20% 0.00% 0.20% 0.40% 0.60% 0.80% 1.00%

Alternative Score

Fig. 6. Frequency distribution chart of Hanoi in the Monte Carlo simulation.
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Fig. 8. Frequency distribution chart of Can Tho in the Monte Carlo simulation.

Finally, in the chart for Can Tho (Fig. 8), the mean
value is higher than that of Hanoi but lower than that of Ho
Chi Minh City. The confidence interval is similar to
Hanoi’s. Although Can Tho scores relatively high, its
likelihood of achieving this performance is less certain
compared to Ho Chi Minh City. Therefore, Can Tho
represents an intermediate alternative with potential but
lacks stability.

4 Discussion
4.1 Discussion

In the context of rapid globalization and urbanization,
evaluating sustainable development can no longer rely on
isolated criteria but requires MCDM methods capable of
handling complex and multidimensional information.
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However, a review of the literature reveals several notable
research gaps. First, most existing studies focus primarily
on areas such as energy, environment, or engineering
projects, while urban planning and city-level sustainability
assessment remain relatively limited, especially in devel-
oping countries like Vietnam. Second, the dominant use of
a single MCDM method poses the risk of bias due to the
specific computational nature of each tool. Finally,
sensitivity analysis and robustness testing of results are
often neglected, limiting the practical value of findings in
public policy and sustainable investment planning.

To address these limitations, this study integrates four
popular MCDM methods — AHP, TOPSIS, ELECTRE, and
PROMETHEE - into a unified assessment framework, using
real data from three representative Vietnamese cities: Hanoi,
Ho Chi Minh City, and Can Tho. Comparing the ranking
results across methods not only reveals the suitability of
each tool but also reflects how each method “interprets”’ the
concept of sustainable development from its own perspective.

AHP: Weight-oriented — emphasizing structure. AHP
uses pairwise comparison matrices and predetermined
weights. In this study, criteria related to healthcare and
education—such as vaccination rates and school attendance
— were assigned high weights, giving Ho Chi Minh City a
clear advantage. However, AHP’s major drawback lies in
its heavy reliance on initial weight assignment; if the
weights do not adequately reflect the balance among
economic, social, and environmental dimensions, the
results may be skewed. Additionally, due to its additive
nature, smaller criteria are often “overshadowed”.

TOPSIS: Sensitive to extremes — idealization-oriented.
TOPSIS calculates the distance to an ideal and a worst-case
solution. For cities with generally average performance like
Ho Chi Minh City, this method produces favorable results.
However, it is highly sensitive to outlier values, meaning a
single very high or low indicator can distort the overall
ranking. In this case, TOPSIS ranked Ho Chi Minh City
highest, though this may not fully reflect Hanoi’s environ-
mental advantages or Can Tho’s climate resilience.

Unlike AHP or TOPSIS, which rely on aggregate scores,
ELECTRE compares city pairs by criterion to determine how
many and to what extent one city outperforms another.
Results show Ho Chi Minh City ranked highest due to its
strong lead in many socio-economic indicators such as income,
healthcare, and education. Can Tho ranked second, benefiting
from slightly stronger economic indicators than Hanoi.
Despite its environmental strengths, Hanoi ranked last
because it did not sufficiently outperform other cities in
pairwise comparisons. ELECTRE’s strength lies in clarifying
dominance relationships between options, which is particu-
larly useful when making competitive decisions. However, it
does not reflect overall development levels and can be difficult
to interpret for those unfamiliar with outranking logic.

PROMETHEE: Better criterion balance — sensitive to
non-economic criteria. PROMETHEE was the only method in
this study that ranked Hanoi first, reflecting its strength in
highlighting environmental and quality-of-life criteria, which
were underrepresented in the other methods due to lower
weights. PROMETHEE employs preference functions instead
of scores, making it more suitable for evaluating public policies,
equitable resource allocation, and non-material values.

Conclusion: The differences in rankings across methods
clearly illustrate that no single MCDM technique is
universally optimal. Each method offers a different
perspective on sustainable development. If a local govern-
ment chooses the wrong tool, it may overlook critical
aspects of sustainability — such as environmental quality in
Hanoi or climate resilience in Can Tho. The findings of this
study highlight that the choice of MCDM method can
significantly influence policy interpretation and priority
setting. Therefore, rather than relying on a single tool,
policymakers should select methods that best align with
their strategic objectives and data characteristics. AHP is
suitable when predefined policy weights and transparent
hierarchical structures are required. TOPSIS provides a
clear visualization of overall performance gaps but should
be complemented with sensitivity analysis to avoid
distortion by extreme values. ELECTRE is useful for
exploring dominance and trade-offs between alternatives,
especially in comparative urban analyses. PROMETHEE,
on the other hand, offers flexibility in incorporating
qualitative or non-economic criteria, making it valuable
for inclusive and equity-oriented planning. Finally,
integrating robustness analysis across these methods can
enhance result stability and strengthen decision confi-
dence. A hybrid or ensemble MCDM framework — such as
the one proposed in this study — thus represents a
promising direction for achieving more balanced, evidence-
based, and context-sensitive sustainability assessments.

4.2 Policy implications for urban governance

The findings of this study reveal significant disparities in
the sustainability rankings of three major urban centers in
Vietnam when applying different MCDM methods. This
not only reflects the multidimensional nature of sustainable
development but also highlights the necessity of adjusting
national development policies to ensure a balanced
approach across the three pillars: economic, social, and
environmental.

In practice, development policies in Vietnam remain
skewed toward economic growth, with insufficient atten-
tion given to social and environmental dimensions. As a
result, localities with strengths in environmental quality or
social well-being are often undervalued in resource
allocation. This suggests that the choice of assessment
tools not only affects final rankings but also influences the
underlying mindset in policy formulation.

To address this issue, the national sustainability index
system should be revised to better reflect regional character-
istics and align with long-term strategic objectives. This
includes recalibrating the weights assigned to various criteria
toachieve amore balanced representation. Moreover, a policy
zoning mechanism should be established based on geographic,
ecological, and developmental characteristics, thereby clari-
fying strategic priorities for each region. Specifically:

— For large urban centers such as Ho Chi Minh City, policy
should aim to balance economic development with green
transition, smart mobility, and the promotion of a
circular economy;

— In Hanoi, it is essential to maintain and enhance urban
environmental quality and quality of life;
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— For the Mekong Delta region, with Can Tho as the central
hub, policies should prioritize climate change adaptation
while strengthening healthcare and social infrastructure to
reduce disparities with the other two cities.

Additionally, the public budgeting and investment
allocation mechanisms should be reformed toward a multi-
criteria integrated approach. The use of tools such as AHP,
TOPSIS, ELECTRE, and PROMETHEE in project selec-
tion, urban planning, or regional prioritization will help ensure
objectivity, transparency, and alignment with comprehensive
development goals. In particular, PROMETHEE, with its
ability to prioritize non-economic criteria, may be effectively
applied in environmental impact assessments, equitable
resource distribution, and social policy formulation. The
government should also enhance local autonomy in sustain-
able strategic planning while strengthening institutional
capacity, data governance, and decision-making skills based
on MCDM models. Furthermore, building open data plat-
forms for sustainable development and integrating real-time
monitoring and evaluation systems will provide a robust
foundation for evidence-based policymaking.

Finally, the government should pilot and scale up
regionally linked sustainability assessment models, particu-
larly in key economic zones and high-risk areas such as the
Mekong Delta. These pilot models will play a crucial role in
refining decision-making tools, tailoring policies to practical
contexts, and institutionalizing MCDM approaches in
national policy planning and oversight. Thus, the concurrent
application of multiple evaluation tools in different settings
will enhance the quality of decision-making, ensure regional
equity, and promote a more comprehensive, flexible, and
effective pathway to sustainable development in Vietnam.

5 Conclusion

This study was conducted to develop a comprehensive and
scientifically grounded evaluation framework that addresses
existing limitations in assessing urban sustainability by
applying and comparing four widely used MCDM methods
— AHP, TOPSIS, ELECTRE, and PROMETHEE —
across three major Vietnamese cities, rather than relyingon a
single technique. The results show a certain degree of
consistency among the methods despite differences in their
ranking principles. This confirms that a multi-method
approach generates more objective, robust, and reliable
assessments of urban sustainable development. By integrat-
ing diverse decision-making logics — from weight-based
methods and distance-to-ideal solutions to outranking
models and preference functions — the study provides a
multidimensional perspective that more accurately reflects
the inherent complexity of sustainability evaluation.
Beyond methodological contributions, the findings
deepen the understanding of how different sustainability
criteria influence evaluation outcomes, particularly when
linked to the SDG indicator framework. The analysis
indicates that criteria related to SDG 3 (good health and
well-being), SDG 11 (sustainable cities and communities),
and SDG 13 (climate action) play pivotal roles and strongly
affect the stability of rankings. Sensitivity analysis further
reveals that variations in environmental quality, health-

care services, and climate adaptation capacity can shift the
relative positions of the cities. These results underscore
that urban areas must prioritize public health, environ-
mental protection, and climate resilience as foundational
pillars in sustainable development strategies.

The study also demonstrates the practical value of
MCDM tools for policymakers by assessing the suitability of
each method for the context of urban planning and
sustainable development in Vietnamese cities. The compar-
ative results provide a transparent evidence base to support
strategic decisions — ranging from resource allocation and
urban planning to project selection and policy performance
monitoring. Integrating multiple methods reduces depen-
dence on a single computational logic, thereby enhancing
the reliability of policy recommendations and supporting
evidence-based, equitable, and SDG-aligned decision-
making. Policymakers may consider establishing periodic
evaluation mechanisms, applying SDG-based indicator sets
to monitor sustainability progress, and prioritizing policies
that promote green investment, improve healthcare services,
and strengthen climate resilience.

However, despite achieving its research objectives and
contributing to both theory and practice, the study still has
several limitations. Although focused on core pillars of
sustainable development — economic, social, and environ-
mental — the analysis does not fully incorporate other
important dimensions such as political, technical, or
governance factors, which are also relevant to the SDGs.
Additionally, while the use of multiple MCDM methods
provides more comprehensive insights, inherent differences
in computational principles and decision logics may
introduce discrepancies in rankings, highlighting the need
for careful method selection. Moreover, the evaluation covers
only three representative cities, which may not fully capture
the national landscape of urban sustainability. Although
sensitivity analysis was conducted to examine the influence
of key criteria on ranking stability, future research could
further explore criterion-level interactions of weighting
scenarios. Furthermore, the effectiveness of each MCDM
method depends substantially on data quality and com-
pleteness. For example, missing or low-resolution indicators
can strongly influence methods such as TOPSIS and AHP,
while ELECTRE may be more flexible in handling data gaps.

Based on these findings and limitations, future research
can be expanded in several directions. Instead of focusing
solely on three cities, subsequent studies may include a
larger number of urban areas to generate a more
comprehensive national assessment of sustainability.
Integrating additional methods such as VIKOR or DEA
may also help validate ranking robustness. Moreover,
incorporating real-time data and developing dynamic
evaluation systems that continuously reflect changes in
sustainability conditions could provide more accurate and
timely assessments. Longitudinal studies should also be
conducted to track temporal variations in sustainability
indicators, thereby enabling deeper analysis of long-term
urban development trends. Integrating multiple MCDM
methods into a unified decision-making framework may
help minimize discrepancies between individual techniques
and produce more balanced and objective evaluations. The
findings can be used by government agencies to formulate
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sustainable urban development policies, identify strategic
priorities, and establish evidence-based monitoring pro-
grams that ensure progress toward greener, smarter, and
climate-resilient cities. The results also offer valuable
references for businesses and investors in assessing
regional development potential. Importantly, tracking
changes in individual indicators over time can help
policymakers evaluate the effectiveness of implemented
strategies and make timely adjustments to ensure future
sustainability.

Overall, this study not only contributes comparative
methodological insights into the application of MCDM
methods but also provides a practical framework that
supports policymaking, investment decisions, and sustain-
able urban planning in Vietnam and similar contexts,
forming a foundation for evidence-based strategies that are
adaptive to evolving urban challenges.
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Appendix: A

Table A1l. A synthesis of the reviewed scientific articles.

Research title

Methods

Level of application

Scope of application

10

11

12

13

14

15

16

17

18

19

The Contribution of MCDM to SUMP: The Case of
Spanish Cities during 2006-2021
Evaluating health-care waste treatment technologies

using a hybrid multi-criteria decision making model

Multi criteria decision analysis to develop an
optimized municipal solid waste management scenario:
a case study in Ulaanbaatar, Mongolia

A MCDM framework for site selection of island
photovoltaic charging station based on new criteria
identification and a hybrid fuzzy approach

General model of Photovoltaic (PV) integration into
existing public high-rise residential buildings in
Singapore — Challenges and benefits

Evaluation of decision-support tools for coastal flood

and erosion control: A multicriteria perspective

Comparative analysis of multi-criteria models for
decision-making in the process of building adaptation
Developing an Iranian green building assessment tool
using decision making methods and geographical
information system: Case study in Mashhad city
Prevention/mitigation of natural disasters in urban
areas

Low-carbon emission development in Asia: energy
sector, waste management and environmental
management system

Urban quality in the city of the future: A bibliometric

multicriteria assessment model

Waste to energy bio-digester selection and design
model for the organic fraction of municipal solid waste
A review of multi criteria decision making (MCDM)
towards sustainable renewable energy development
Comparative analysis of MCDM methods for ranking

renewable energy sources in Taiwan

Green decoration materials selection under interior
environment characteristics: A grey-correlation based
hybrid MCDM method

Prioritization of renewable energy alternatives by
using an integrated fuzzy MCDM model: A real case
application for Turkey

Development of the location suitability index for wave
energy production by ANN and MCDM techniques
Sustainability evaluation of Concentrated Solar Power
(CSP) projects under Clean Development Mechanism
(CDM) by using Multi Criteria Decision Method
(MCDM)

Geolocation of photovoltaic farms using Geographic
Information Systems (GIS) with Multiple-criteria
decision-making (MCDM) methods: Case of the

Ecuadorian energy regulation

SIMUS, WSM
DEMATEL,

fuzzy MULTIMOORA
TOPSIS

fuzzy AHP, ENTROPY,
fuzzy VIKOR

VIKOR

AHP, TOPSIS, PROMETHEE,
ELECTRE, VIKOR,
MAUT, TODAIM
MCDA

AHP, ENTROPY

MCDM

MCDM

AHP

MCDA

MCDM

ENTROPY SHANNON,
WSM, VIKOR,
TOPSIS, ELECTRE

AHP, GC-TOPSIS

fuzzy AHP,
fuzzy TOPSIS

MCDM, ANN

MCDM, MAUT

GIS, MCDM

Experiment

Experiment

Evaluation

(scenario analysis)

Evaluation

(sensitivity analysis)

Evaluation

(sensitivity analysis)

Experiment

Concept

Experiment

Concept

Concept

Model

Experiment

Concept

Evaluation

(sensitivity analysis)

Evaluation

(sensitivity analysis)

Evaluation

(sensitivity analysis)

Experiment

Evaluation

(scenario analysis)

Evaluation (correlation

analysis, absolute error)

Urban planning
(sustainable urban mobility)

Environment

Environment
Energy
Energy

Civil engineering
and infrastructure
Civil engineering
and infrastructure
Civil engineering
and infrastructure
Civil engineering

and infrastructure

Energy, environment

Urban planning (assessment
of urban quality)
Environment
Energy
Energy
Civil engineering

and infrastructure

Energy

Energy

Energy

Energy
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Table A1. (continued).

19

Research title Methods Level of application Scope of application

20 MCDM-based flood risk assessment of metro systems MCDM, GIS Experiment Environment
in smart city development: A review

21 Multi actor multi criteria analysis (MAMCA) as a MAMCA Experiment Urban planning
tool to build indicators and localize sustainable (SDGs 11)
development goal 11 in Brazilian municipalities

22 Machine learning-based digital district heating/cooling MCDM, ML Model Energy
with renewable integrations and advanced low-carbon
transition

23 An MCDM-GIS based site suitability analysis for AHP, GIS Evaluation Energy
solar power plant integration in Cameroon: Solar
hybridization to optimize green electricity and
hydrogen production

24 An ANP and fuzzy TOPSIS-based SWOT analysis for SWOT, ANP, Experiment Energy
Turkey’s energy planning fuzzy TOPSIS

25 Analytical hierarchy process (AHP) application for AHP Experiment Energy
reinforcement of hydropower strategy in Nepal

26 Sustainable material selection for construction MCDM Experiment Civil engineering and
industry — A hybrid multi criteria decision making infrastructure
approach

27 Integration of BIM and Value Model for MIVES+BIM Evaluation Civil engineering and
Sustainability Assessment for application in bridge (sensitivity analysis) infrastructure
projects

28 Neuro-fuzzy resource forecast in site suitability GIS, MCDM, ANFIS Experiment Energy
assessment for wind and solar energy: A mini review

29 Evaluate the impact of COVID-19 prevention policies BWM, TOPSIS Experiment Operations and supply
on supply chain aspects under uncertainty chain management

30 A combined goal programming — AHP approach AHP, TOPSIS Experiment Energy
supported with TOPSIS for maintenance strategy
selection in hydroelectric power plants

31 The development of a mining method selection model TOPSIS, TODIM, VIKOR, GRA, Evaluation(sensitivity Mining
through a detailed assessment of multi-criteria PROMETHEE, OCRA, analysis, Spearman’s rank
decision methods ARAS, COPRAS, SAW, CP correlation coefficient,

Kendall’s tau coefficient)

32 Monte Carlo and Fuzzy AHP with GIS for ranking AHP, FAHP, MFAHP va GIS Evaluation Energy
hybrid solar-wind sites for electricity and hydrogen (sensitivity analysis)
production in Cameroon

33 Analysis, modelling and optimization during GRA, EAMR, FUCA va EDAS Evaluation Operations and supply
sustainable Dry and MQL turning of AISI 52100 steel (Taguchi analysis) chain management
using DF, GRA, EAMR, EDAS and FUCA methods

34 Introducing a Novel multi-criteria Ranking of RAWEC, LMAW Evaluation Operations and supply
Alternatives with Weights of Criterion (RAWEC) (MCDM) (sensitivity analysis) chain management
model

35 Eclectic decision for the selection of tree borne oil AHP, MOORA, Evaluation (Spearman’s Energy
(TBO) as alternative fuel for internal combustion PROMETHEE rank correlation coefficient)
engine

36 Analysis of insolation potential of Knjazevac AHP Experiment Energy
Municipality (Serbia) using multi-criteria approach

37 Creative trans-border cooperation in the field of MCDM Concept Civil engineering
operations research and sustainable development in and infrastructure
civil engineering

38 Review of methods for sustainability appraisals in ship MCDM Concept Procurement
acquisition management

39 Integrating life cycle assessment and multi criteria MCDM, LCA Concept Environment

decision making for sustainable waste management:

Key issues and recommendations for future studies
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Research title Methods Level of application Scope of application

40 Material selection in the construction industry: a MCDM-AHP Concept Civil engineering
systematic literature review on multi-criteria decision and infrastructure
making

41 Literature review: Multi-criteria decision-making MCDM Concept Deep-sea mining.
method application for sustainable deep-sea mining
transport plans

42 Evaluating and prioritizing the healthcare waste AHP, fuzzy TOPSIS, Experiment Environment
disposal center locations using a hybrid multi-criteria fuzzy PROMETHEE
decision-making method

43 Optimization solar site selection by fuzzy logic model Fuzzy logic, WLC, MCDM Experiment Energy
and weighted linear combination method in arid and
semi-arid region: A case study Isfahan-IRAN

44 Assessment of biomass energy sources and Fuzzy MCDM Experiment Energy
technologies: The case of Central America

45 The evaluation of solar farm locations applying GIS, AHP Experiment Energy
Geographic Information System and Multi-Criteria
Decision-Making methods: Case study in southern
Morocco

46 A framework for urban pluvial flood resilient spatial AHP, ANP Model Civil engineering
planning through blue-green infrastructure and infrastructure

47 A hybrid novel framework for flood disaster risk ML,DSS, TOPSIS Experiment Environment
control in developing countries based on smart
prediction systems and prioritized scenarios

48 Advances in thermal energy storage: Fundamentals MCDM Experiment Energy
and applications

49 Building information modelling application for ANP Model Civil engineering
developing sustainable building (Multi criteria and infrastructure
decision making approach)

50 Assessing the critical success factors for implementing BWM Model Operations and supply
industry 4.0 in the pharmaceutical industry: chain management
Implications for supply chain sustainability in
emerging economies

51 Sustainable development of sewage sludge-to-energy in DEMATEL Experiment Environment
China: Barriers identification and technologies
prioritization

52 Multi-objective decision-making methods for MOOP Experiment Environment, energy
optimising CO2 decisions in the automotive industry

53 Smart Techniques Promoting Sustainability in MCDM, ky thut Concept Civil engineering
Construction Engineering and Management thong minh and infrastructure

54 Selection of energy performance contracting business TODIM Evaluation Energy
models: A behavioral decision-making approach (sensitivity analysis)

55 An approach for evaluation of the spent nuclear fuel AHP Model Energy
management strategy for Brazilian nuclear power
plants based on Multi-Criteria Decision-Making
methodology

56 A review of sustainable planning of Burundian energy MCDM-LEAP Concept Energy
sector in Bast Africa

57 Preparation, characterization, and selection of nano- NePCM, MCDM Model Energy
assisted phase change materials for thermal (SGD 7 VA SGD 13)
management and storage applications

58 Technology-enhanced community forest management MCDM,SLR,CFM Experiment Environment
in tropical regions: A state of the art

59 Recycling of waste lubricating oil: A review of the TEA, MCDM,LCA Concept Environment

recycling technologies with a focus on catalytic

cracking, techno-economic and life cycle assessments
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Research title

Methods

Level of application

Scope of application

60

61

62

63

64

66

67

68

69

70

71

72

73

74

76

s

78

79

Determining an optimum pattern of mixed planting
from organic and non-organic crops with regard to
economic and environmental indicators: A case study
of cucumber in Kerman, Iran

Renewable energy in the mining industry: Status,
opportunities and challenges

Application of multicriteria decision methods for
electric supply planning in rural and remote areas
Generating a framework to facilitate decision making
in renewable energy investments

Using Multi-Criteria Decision-Making to optimise
solid waste management

Green Supplier Selection Based on Green Practices
Evaluated Using Fuzzy Approaches of TOPSIS and
ELECTRE with a Case Study in a Chinese Internet
Company

Evaluation of research on CO2 trans-critical work
recovery expander using multi attribute decision
making methods

An ANP and fuzzy TOPSIS-based SWOT analysis for
Turkey’s energy planning

A soft computing based-modified ELECTRE model
for renewable energy policy selection with unknown

information

Urban flood simulation and prioritization of critical
urban sub-catchments using SWMM model and
PROMETHEE II approach

A combined goal programming — AHP approach
supported with TOPSIS for maintenance strategy
selection in hydroelectric power plants

Assessing organizations performance on the basis of
GHRM practices using BWM and Fuzzy TOPSIS
Investigation of feasibility study of solar farms
deployment using hybrid AHP-TOPSIS analysis: Case
study of India

The spatiotemporal evolution pattern of urban
resilience in the Yangtze River Delta urban
agglomeration based on TOPSIS-PSO-ELM
Assessing and prioritizing biogas barriers to alleviate
energy poverty in Pakistan: an integrated AHP and
G-TOPSIS model

Site selection for artificial recharge with treated
wastewater with the integration of multi-criteria
evaluation and ELECTRE III

A decision support approach employing the
PROMETHEE method and risk factors for critical
supply assessment in large-scale projects

Evaluation of future sustainable electricity generation
alternatives: The case of a Greek island
Prioritization of renewable energy alternatives by
using an integrated fuzzy MCDM model: A real case
application for Turkey

Penstock material selection in small hydropower

plants using MADM methods

AHP,Weighted

Goal Programming

MCDM

AHP, VIKOR

ANP

AHP, MAUT, TOPSIS

fuzzy TOPSIS,
fuzzy ELECTRE

fuzzy AHP, TOPSIS,
PROMETHEE

SWOT, ANP, fuzzy TOPSIS

HF-M-ELECTRE
(ELECTRE céi tién)

PROMETHEE II,
SWMM model

AHP, TOPSIS

BWM, fuzzy TOPSIS

AHP TOPSIS

TOPSIS

DELPHI, AHP, G-TOPSIS

AHP, ELECTRE III

PROMETHEE II,

PROMETHEE GDSS

PROMETHEE II

fuzzy AHP, fuzzy TOPSIS

AHP, TOPSIS

Experiment

Model

Experiment

Model

Concept

Evaluation

(sensitivity analysis)

Concept

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Evaluation
(sensitivity analysis)
Evaluation

(sensitivity analysis)

Experiment

Operations and supply

chain management

Energy

Energy

Energy

Environment

Operations and supply

chain management

Energy

Energy

Energy

Civil engineering

and infrastructure

Civil engineering

and infrastructure
Human resource

management

Energy

Civil engineering

and infrastructure

Energy

Environment

Operations and supply

chain management

Energy

Energy

Civil engineering

and infrastructure
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Research title

Methods

Level of application

Scope of application

80

81

82

83

84

85

86

87

88

89

90

91

92

Assessing the Best Supplier Selection Criteria in
Supply Chain Management During the COVID-19
Pandemic

Evaluation on adsorption capacity of low organic
matter soil for hydrophobic organic pollutant

Role prioritization of hydrogen production
technologies for promoting hydrogen economy in the
current state of China

Incorporation of management responses in the
direction of soil erosion changes from the past to the
future based on the RUSLE and DPSIR model
Sustainability in Pakistan’s textile industry: analyzing
barriers and strategies for green supply chain
management implementation

Multi-objective power supply capacity evaluation
method for active distribution network in power
market environment

Analysis of solar module alternatives for efficiency-
based energy investments with hybrid 2-tuple IVIF
modeling

A general framework for sustainability assessment of
manufacturing processes

Indicator based multi-criteria decision support

systems for wastewater treatment plants

Optimization and selection of the multi-objective
conceptual design scheme for considering product
assembly, manufacturing and cost

An empirical analysis of the impact of the coupling
coordination degree of the water-energy-food nexus on
food security in China

Sustainable material selection for construction
industry — A hybrid multi criteria decision making
approach

Social sustainability assessments in the biobased

economy: Towards a systemic approach

TBL. Fuzzy TOPSIS

TOPSIS

fuzzy AHP, fuzzy TOPSIS

TOPSIS

fuzzy AHP, fuzzy TOPSIS

ENTROPY, TOPSIS

DEMATEL, TOPSIS

MCDM

DSS, fuzzy AHP, TOPSIS

TOPSIS

TOPSIS

DANP, TOPSIS

MCDM

Experiment

Model

Experiment

Experiment

Experiment

Experiment

Model

Evaluation

(sensitivity analysis)

Model

Model

Experiment

Experiment

Model

Operations and supply

chain management

Environment

Energy, production

Environment

Operations and supply

chain management

Energy

Energy

Operations and supply
chain management

Environment

Operations and supply

chain management

Water—energy—food

Civil engineering

and infrastructure

Biobased economy

Table A2. Determination of thresholds.

Indifference threshold (q)

Preference threshold (p)

Veto threshold (v)

n
T
3
Ty
s

Tz
I3

T10
T11

T12

0.001
0.0001
0.005
0.01
0.01
0.05
0.01
0.01
0.05
0.05
0.001
0.05

0.003
0.0003
0.015

0.003

0.03
0.03
0.1
0.03
0.03
0.1
0.1

0.15

0.01
0.001
0.05
0.1
0.1
0.3
0.1
0.1
0.3
0.3
0.01
0.5
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Table A2. (continued).

Indifference threshold (q) Preference threshold (p) Veto threshold (v)
T3 0.005 0.015 0.05
T4 0.005 0.015 0.05
T15 0.005 0.015 0.05
T16 0.05 0.15 0.5
Ty7 0.005 0.015 0.05
T18 0.001 0.003 0.01
Tig 0.05 0.15 0.5
T20 0.05 0.15 0.5
To1 0.05 0.15 0.5
Too 0.05 0.15 0.5
To3 0.05 0.1 0.3
To4 0.05 0.15 0.5
To5 0.05 0.15 0.5
Tog 0.1 0.3 0.7
To7 0.1 0.3 0.7
Tog 0.05 0.15 0.5

Table A3. Concordance matrix.

A/ A, A/ A; Ay/ Ay Az/As Az Ay A3/ Ay A/ A,

I 0.8
Ty 1
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o

w
(@)
—
o
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—
o

—_ s

oo

8

(=)
=== e = O RN OO R OO EOFOOO;
o
w

e e e i e
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Table A4. Discordance matrix.

A/ Ay A/ As A/ Ay Ao/ As Az/ Ay As/ Ay Ay /Ay
I 0 0.757143 0 0.557143 0 0 0
T 0 0.857143 0 0.857143 0 0 0
I3 0 0.428571 0 0.085714 0 0 0
24 1 0.442857 0 0 0 0.285714 1
X5 0.571429 0 0 0 0 0.785714 0.571429
T 1 0 0 0 1 1 1
27 0 1 0 1 0 0 0
x5 1 0.614286 0 0 0 0.252857 1
Ty 0 0 0 0 0.528 0.5375 0
Z10 0 0.335 0 0.435 0 0 0
T 0.385714 1 0 1 0 0 0.385714
Tio 0.254857 0 0 0 0 0.278 0.254857
T3 0 0 0 0 0.657143 0.657143 0
T4 0 0 0 0 0.428571 0.428571 0
Ty 0 0 0 0 0 0 0
T 0 0 0 0 0.402857 0.351429 0
Ty7 0.028571 0.085714 0 0 0 0 0.028571
T8 1 1 0 0.328571 0 0 1
Tig 0 0 0.216857 0 0.373143 0 0
Tao 0 0 0 0 0 0 0
To1 0 0 0 0 0 0 0
Too 0 0.218857 0.306857 0.954286 0 0 0
To3 0.215 1 0 1 0 0 0.215
o 0 0 0 0 0 0 0
Tos 0 0 0 0 0 0 0
Ta6 0 0.59 0 0.46 0 0 0
Toy 0 1 0 1 0 0 0
Tog 0 0 0 0 0.331429 0.302857 0
Table A5. Preference function for alternative pairs.

Al — A, A — As Ay — Ag Ay — Ay Az — Ay Az — Ao

Iy 0.0019 0.0083 0.0069 0 0 0
Ty 0 0.0009 0.0009 0 0 0
X3 0.012 0.03 0.018 0 0 0
2 0 0 0.05 0.111 0.061 0
Z5 0.7 0 0 0 0.015 0.085
Ts 0.429 0 0 0 0.433 0.862
Z7 0.043 0 0 0 0.1493 0.1536
s 0 0 0.0477 0.1207 0.0739 0
Ty 0 0.2056 0.2075 0.0019 0 0
Z10 0 0.167 0.187 0.02 0 0
Zi1 0.0057 0.0257 0.02 0 0 0
Tio 0 0.0081 0.2473 0.2392 0 0
T13 0 0.038 0.038 0 0 0
Ti4 0 0.03 0.03 0 0 0
Ty 0.014 0.003 0 0 0 0.011
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Table A5. (continued).

Ay — Ay Ay — A3 Ay — A Ay — Ay Az — Ay Az — A
T16 0.018 0.291 0.273 0 0 0
T17 0.016 0.018 0.002 0 0 0
T18 0.0112 0.0165 0.0053 0 0 0
T19 0 0 0 0.2259 0.2806 0.0547
T20 0.109 0.046 0 0 0 0.063
T21 0.1 0.02 0 0 0 0.08
To2 0.2574 0 0 0 0.2266 0.484
To3 0.17 0.786 0.616 0 0 0
Toyg 0.039 0.016 0 0 0 0.023
225 0.114 0.0085 0 0 0 0.1055
Ta6 0.052 0.536 0.484 0 0 0
To7 0.061 0.883 0.822 0 0 0
Tog 0.01 0.302 0.256 0 0 0
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