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Notations

AHP – analytical hierarchy process; 
ANP – analytic network process;

ARAS – additive ratio assessment;
BMW – best worst method;

CBA – cost–benefit analysis;
COCOSO – combined compromise solution;

CODAS – combinative distance-based assessment;
COMET – characteristic objects method;

COPRAS – complex proportional assessment;
DEA – data envelopment analysis;

DEMATEL – decision-making trial and evaluation 
laboratory;

DSS – decision support system;

EDAS – evaluation based on distance from aver-
age solution;

ELECTRE – elimination and choice translating real-
ity (in French: ÉLimination Et Choix Tra­
duisant la REalité);

FST – fuzzy set theory;
FUCOM – full consistency method;

GHG – greenhouse gas;
GIS – geographic information system;

MABAC – multi-attribute border approximation 
area comparison;

MACBETH – measuring attractiveness by a category 
based evaluation technique;
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MAJA – general equilibrium analysis (in Swedish: 
Modell för Allmän JämviktsAnalys);

MAMCA – multi-actor multi-criteria analysis;
MAVT – multi-attribute value theory;
MAUT – multi-attribute utility theory;

MCDM – multi-criteria decision-making;
MEW – multiplicative exponential weighting;

MIVES – integrated value model for sustainability 
assessment (in Spanish: Modelo Integra­
do de Valor para una Evaluación Sosteni­
ble);

MULTIMOORA – full multiplicative form of multi-objective 
optimization ratio analysis;

NAIADE – novel approach to imprecise assessment 
and decision environments;

PRISMA – preferred reporting items for systematic 
reviews and meta-analyses;

PROMETHEE – preference ranking organization method 
for enrichment evaluation;

TOPSIS – technique for order of preference by 
similarity to ideal solution;

SALSA – search, appraisal, synthesis and analysis;
SAW – simple additive weighting;

SIMUS – sequential interactive modelling for ur-
ban systems;

SMART – simple multi-attribute rating technique;
SMARTER – SMART exploiting ranks;
SUATAIN – sustainable transportation assessment;

SWARA – step-wise weight assessment ratio analy-
sis;

TODIM – interactive MCDM (in Portuguese: Toma­
da de Decisão Interativa Multicritério);

VIKOR – multi-criteria optimization and compro-
mise solution (in Serbian: Višekriterijum­
ska optimizacija I KOmpromisno Rešenje);

WoS – Clarivate Analytics Web of Science data-
base;

WSM – weighted sum method.

1. Introduction

More than a quarter of generated energy is consumed in 
the transport sector globally. In Europe, the share is even 
higher and stands at more than 30%. Accordingly, there is a 
need to predict and plan the flows of transport (Zhao et al. 
2022). The externalities linked with energy generation and 
consumption are given special attention today in transport 
development decisions. In the last decade, serious atten-
tion was paid to technological progress and development 
of micro and shared mobility options. The development of 
the transport sector should be aligned with development 
of the urban systems (Zhang, Qi 2021). As transport sec-
tor is responsible for more than a quarter of the EU’s GHG 
emissions and energy demand in transport has a trend 
to rise each year, the smart, competitive, safe, accessible, 
and affordable transport systems is among the main pol-
icy goals in EU. According to the statistical data, only the 
3 countries of EU have a negative change in total GHG 

emissions from transport in the years 1990–2017. These 
countries are Liechtenstein (–20.7%), Sweden (–5%) and 
Lithuania (–2.7%). At the same time, the total GHG emis-
sions in EU-28 have risen by 28% since 1990. The growth 
of pollution from the transport sector tends to increase 
each year, in 2018 an increase to 29% is observed (Eurostat 
2024). The European Green Deal (EC 2019) has ambitions 
to reduce these emissions by 2050 by 90%. Nevertheless, 
transport development is not related to reducing pollution 
only. Many people of the world, especially in cities and liv-
ing near major roads, are exposed to high transport noise 
due to road traffic, which is the biggest source of noise, 
followed by railway noise, air noise and industrial noise. 
Emissions from public and private transport are the main 
source of air pollution in cities. Therefore, health issues 
also become particularly important (Tang et al. 2020; Spa-
daro, Pirlone 2021). The aforementioned issues comprise 
only a fragment of the problematic that is relevant for 
decision-makers when ensuring the smooth operation of 
the everyday transport sector.

Some of the objectives relevant for the transport sec-
tor are conflicting among themselves (Brůhová Foltýnová 
et al. 2020; Delibasic 2022). This means that decision-mak-
ers must propose more environmentally friendly options, 
but at the same time offer consumers reliable, affordable, 
clean, and convenient solutions for transport systems de-
velopment. Various studies emphasize the involvement of 
stakeholders for the sustainable transport planning (for 
example, Lee et al. 2021; Rześny-Cieplińska et al. 2021; 
Karolemeas et al. 2021). Amid these challenges, it has be-
come very complicated to measure sustainable transport 
alternatives considering multidimensional needs of mobili-
ty providers, passengers, logistic companies, and decision-
makers. The involvement of stakeholders can help to look 
at transport issues from different perspectives. Based on 
stakeholder input, a set of indicators to assess the sus-
tainable development of transport systems in a specific 
context can be selected, reflecting the related challenges 
and priorities. In this way, the responsibility of stakehold-
ers for the indicators obtained and their adoption and im-
plementation can be increased. A comprehensive set of 
transport sustainability criteria and indicators can be used 
to monitor progress, develop policies, communicate, and 
address challenges. As many stakeholders are involved in 
the decision-making process of transport development, it 
forces decision-makers to look for new instruments and 
techniques to deal with the complex decision-making pro-
cesses to evaluate the conflicting aspects.

MCDM allows to involve various stakeholders in the 
decision-making process and gives the possibility to suc-
cessfully achieve the balance between multiple conflicting 
social, economic and environmental issues framing sus-
tainability of transport systems. Due to their capabilities 
and convenience, different MCDM methods are increas-
ingly used to solve various decision-making problems 
dealing with sustainable transport development. The arti-
cle aims to overview the application of multi-criteria analy-
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sis for solving sustainability issues in the transport sector 
and to provide the main insights for sustainability criteria 
and MCDM techniques selection. The SALSA framework 
(Del Amo et al. 2018) and the PRISMA statement (Moher 
et al. 2010) were used as the basis for literature review 
and analysis. All the studies selected for the analysis were 
categorized according to the application area and tech-
nique used. 6 application areas were singled out, which are 
the following: sustainability assessment, transport policy, 
public transport planning, project selection, logistics, and 
methods selection studies. Also, the current study propos-
es the thematic areas for criteria selection in order follow 
the concept of sustainability in decision-making process, 
as well as briefly discusses the most common used MCDM 
approaches and their advantages and disadvantages for 
sustainable transport decision-making. The performed re-
search can serve as a basis for further studies dealing with 
decision-making in transport and will simplify the process 
of criteria selection and will make it easier to select the 
most appropriate instrument for the assessment.

The article proceeds as follows. Section 1 – introduc-
tion. Section 2 presents the methodology of the research. 
Literature review is provided in Section 3, where an over-
view of studies in the field is provided and the detailed 
analysis of selected publications for the research is pre-
sented categorizing them by the application area and by 
the techniques applied. Section 4 outlines the thematic 
areas for criteria selection in order to consider all the di-
mensions of sustainability, discusses the most commonly 
applied MCDM approaches and briefly distinguishes their 
main advantages and disadvantages. Finally, in Section 5 
the conclusions of the study are provided.

2. Methodology

A systematic scientific literature search and analysis was 
carried out following the SALSA framework. The SALSA 
proposes a methodological system, which allows to mini-
mize subjectivity in the search and analysis processes and 
is recognized as preferable tool for literature identification, 
systemization, and evaluation (Del Amo et al. 2018). The 
framework allows to ensure the completeness and preci-
sion of the literature review methodology (Grant, Booth 
2009). The completeness of the literature review is assured 
by the PRISMA statement (Moher et al. 2010). Table 1 pro-
vides the framework of this research:

The search of publications in the WoS database was 
carried out. The search was made on the 2 combinations 
of topics “sustainable transport” AND “multi-criteria deci-
sion-making” and “sustainable transport” AND “multi-cri-

teria decision analysis” in all WoS categories. For the se-
lection of articles, the recommendations of PRISMA state-
ment were followed. The 2 inclusion criteria for the articles 
were determined: the relevant phrases must appear in the 
title, keywords, or abstract of the publication; also, article 
must be published in a scientific peer-reviewed journal. All 
non-research articles (review publications, editorial letters, 
not primary research) and non-English publications were 
excluded from the detailed analysis. The detailed content 
analysis was carried out for 130 publications. During the 
content analysis 24 articles were excluded, because the 
content of these articles did not correspond to the topic 
of this research. The logical scheme of the research is pre-
sented in Figure 1.

All the publications identified (172) were overviewed 
according to the main characteristics such as: publication 
year, WoS categories, institutions, countries, and journals. 
The detailed analysis of publications was made only for 
those publications (130), which met inclusion criteria se-
lected. In the detailed analysis, all the selected publications 
were categorized into 6 categories by application area: 
transport policy studies, sustainability assessment studies, 
project selection studies, public transport planning stud-
ies, logistics studies and methods selection studies. The 
studies were assigned to a certain category depending on 
the main purpose of the study. It should be emphasized 
that this classification is based on the authors’ subjective 
expertise and further research may offer different modifi-
cations of the proposed grouping. However, this does not 
have a significant impact on the final goal of this study, 
since the research conclusions are formed for all the ana-
lysed studies in general and criteria selection guidelines 
are presented for solving all tasks of the transport sector 
in general, leaving room for the interpretation of the spe-
cifics of the problem under analysis. Also, all the selected 
articles were categorized by the method applied.

3. Literature review

3.1. General trends

There has been a significant increase in articles dealing 
with transport sustainability issues over the last 2 decades. 
Also, it can be said that the trend of growth each year 
is more and more notable. There were more than 2000 
publications on the topic “sustainable transport” found 
in the WoS database (considering publications that ap-
peared in the period 1990–2020). Multi-criteria decision 
analysis is a very popular approach in different areas of 
decision-making. Also, it is one of the most popular tools 
to solve energy-related sustainability issues. Since 1990, 

Table 1. The framework for the overview of MCDM for solving transport sustainability issues (source: created by the authors)

Step Search Appraisal Synthesis Analysis
Actions  ■ identification of key-

words;
 ■ database search

 ■ selection of articles (following 
the PRISMA statement)

 ■ data extraction;
 ■ data categorization

 ■ data analysis;
 ■ comparison of the results;
 ■ conclusions of the research
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more than 2600 publications have been published on the 
topics “multi-criteria decision-making” or “multi-criteria 
decision analysis” in the WoS database (Figure 2). Signifi-
cant growth in the number of studies, which apply MCDM 
techniques for the sustainable transport development is-
sues in the last few years (Figure 3).

The highest number of publications that address the 
issues related to transport sustainability by means of the 
MCDM approaches fall into the subject areas (in WoS) of 
Environmental Sciences (58) and Green & Sustainable Sci­

ence & Technology (54) categories. Less pronounced yet 
still numerous are the publications falling within the ar-
eas of Environmental Studies (37), Transportation (30) and 
Transportation Science & Technology (30) (Table 2). The 
Vrije Universiteit Brussel (9), University of London (8), Vilnius 
Gediminas Technical University (8) are the leading scien-
tific institutions in the field (Table 3). This suggests that 
the European institutions currently dominate the debate 
on sustainable transportation from the viewpoint of the 
multi-criteria analysis. 

Figure 1. The organization of the research (source: created by the authors)

Figure 2. Articles on topics related to the sustainable transport and multi-criteria analysis  
(source: prepared by the authors based on data from the WoS database as of 16 April 2021)

Search in the WoS (years 1990–2020)

Publications on the topic 
“sustainable transport” (14250)

Publications on the topics “multi-criteria decision- 
making” or “multi¦criteria decision analysis” (19742) 

Publications on the combination of topics “sustainable transport” and 
“multi-criteria decision-making/analysis” (172)

 

Overview of 
publications: 

■ by years; 
■ by WoS categories; 
■ by institutions;
■ by countries;
■ by journals

Detailed analysis of publications (130)

Categorization by the 
application area (106):  
■ transport policy;
■ sustainability

assessment;
■ project selection;
■ public transport

planning;
■ logistics;
■ methods used

Categorization by the 
method applied (106):

■ AHP;
■ PROMETHEE;
■ TOPSIS;
■ SAW;
■ VIKOR
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■ DEMA TEL;
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■ BMW;
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Figure 3. Articles on combination of topics “sustainable transport” and “multi-criteria 
decision-making/analysis” (source: prepared by the authors based on data from the WoS 
database as of 16 April 2021)
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Note: The figure shows countries with more than 10 publica-
tions.
Figure 4. Distribution of the articles related to “sustainable 
transport” and “multi-criteria decision-making/analysis” across 
the countries (source: prepared by the authors based on data 
from the WoS database as of 16 April 2021)

Table 2. Distribution of the articles related to “sustainable 
transport” and “multi-criteria decision-making/analysis” across 
the subject areas (source: prepared by the authors based on 
data from the WoS database as of 16 April 2021)

WoS category Articles [count] Articles [%]
Environmental sciences 58 32.4
Green & sustainable science & 
technology 54 30.2

Environmental studies 37 20.7
Transportation 34 19
Transportation science & 
technology 30 16.8

Economics 19 10.6
Energy & fuels 16 8.9
Engineering, environmental 16 8.9

Note: the table shows categories, which have more than 10 
publications.

Table 3. Distribution of the articles related to “sustainable 
transport” and “multi-criteria decision-making/analysis” across 
the research institutions (source: Prepared by the authors 
based on data from the WoS database as of 16 April 2021)

Institution Articles [count] Articles [%]

Vrije Universiteit Brussel 9 5

University of London 8 4.5

Vilnius Gediminas Technical 
University 8 4.5

Budapest University of 
Technology Economics 7 3.9

Technical University of Denmark 7 3.9

University College London 6 3.4

University of Belgrade 6 3.4

Note: the table shows institutions with more than 5 publica-
tions.

Researchers from the UK, US, Spain, Poland, Belgium, 
Italy, and Serbia are the most active in application of dif-
ferent MCDM methods for solving sustainable transport 
issues. Figure 4 shows the distribution of articles across 
the countries. Researchers from England have published 
22 articles, those from the US – 19, those from Spain – 13, 
those from Poland – 12, and those from Belgium, Italy, and 
Serbia – 11 each. Sustainability and Journal of Cleaner Pro­
duction are the most popular scientific journals publishing 
articles on analysed topics (Table 4).

3.2. Detailed analysis with focus on the 
methodological issues

Articles that met the inclusion criteria were selected for the 
detailed analysis. After the content analysis, 24 articles that 
do not completely correspond to the topic under analysis 
were eliminated. Finally, 106 publications were analysed 
with respect to the selected categories. 1st, the MCDM 
methods used for the analysis were identified in the re-
tained articles. Figure 5 shows the range of MCDM meth-
ods that are used to address sustainable transport issues. 

UK 
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Different methods were applied for solving various 
transport sustainability issues. The most popular MCDM 
technique is AHP (Saaty 1980), which was applied in 39 
studies. The high prevalence of applications of the latter 
technique can be explained by its versatility: it can be used 
as a tool or eliciting the weights through expert assess-
ments in hybrid frameworks, and it can also be used for 
the utility measurement of multiple alternatives. This tech-
nique has also seen extensive development with exten-
sions to the fuzzy sets and integration with various MCDM 
tools. 

A group of methods show the frequencies that are low-
er compared to that of the AHP. This group includes the 
PROMETHEE (Brans, Mareschal 1992), the TOPSIS (Hwang, 
Yoon 1981), SAW (MacCrimmon 1968). These techniques 
represent the 3 approaches used for the MCDM, namely 
the value function represented by SAW, the reference 
point approach represented by TOPSIS, and the outrank-
ing approach represented by PROMETHEE. The problems 
in the domain of sustainable transportation can involve 
any of the discussed approaches to obtain the optimum 

solutions whether assuming compensatory or non-com-
pensatory nature of the criteria. 

Several studies applied the SMART (Edwards 1977), the 
SMARTER (Edwards, Barron 1994), VIKOR (Opricović 1998), 
the BWM (Rezaei 2015), DEMATEL (Gabus, Fontela 1972), 
ANP (Saaty 2001), MABAC (Pamučar, Ćirović 2015), ELECTRE 
(Roy 1968; Vallée, Zielniewicz 1994), the COMET (Sałabun 
2015), the EDAS (Keshavarz Ghorabaee et al. 2015), ARAS 
(Zavadskas, Turskis 2010), MAVT (Fishburn 1967; Keeney, 
Raiffa 1993), MAUT (Keeney 1982; Raiffa 1997). Also, a lot 
of methods were used only once during the period ana-
lysed, these are: MAJA (Jacyna 2006), CODAS (Keshavarz 
Ghorabaee et al. 2016), COPRAS (Zavadskas et al. 1994), 
WSM (Zadeh 1963), TODIM (Gomes, Lima 1991), the MIVES 
(San-José Lombera, Cuadrado 2010), SIMUS (Munier 2016), 
FUCOM (Pamučar et al. 2018), MACBETH (Bana e Costa 
et al. 2012), MEW (Zanakis et al. 1998), SWARA (Keršulienė 
et al. 2010), COCOSO (Yazdani et al. 2019), MULTIMOORA 
(Brauers, Zavadskas 2010), NAIADE (Munda 1995). These 
techniques are rather diverse in their nature and require-
ments for the MCDM problems. They are also developed 
in different time periods with MAVT and MAUT belonging 
to the oldest generation of the MCDM methods and such 
methods as COCOSO and CODAS being developed much 
more recently.

Also, it should be noted, that a lot of supporting meth-
ods were combined with multi-criteria analysis, such as: 
CBA, FST, DEA, system dynamics simulation model, GIS, 
quality function deployment, MAMCA, prospect theo-
ry, goal programming, Monte Carlo simulation, Delphi 
method, pairwise comparison, swing weights, Kendall’s 
coefficient of concordance, etc. The use of the additional 
techniques allows for involving a more comprehensive ap-
proach towards the problems under analysis. Indeed, it 
often allows to introduce additional axioms (e.g., economic 
ones) in the problem under analysis. 

Also, during the content analysis, the articles were cat-
egorized by application area and by the used method. Ac-
cording to the results, the most popular is to use MCDM 
techniques for public transport planning and sustainability 
assessment issues. Table 5 provides categorization of stud-
ies by the used method and application area.

The detailed content analysis of scientific studies and 
the categorization by the methods and problem areas 
revealed that mostly MCDM methods were applied to 
solve questions related to sustainable transport planning 
and sustainability assessment. The AHP, PROMETHEE and 
MOUT techniques are commonly used to solve sustain-
able transport policy issues. The AHP method is com-
monly used in all application areas. The most popular 
MCDM techniques in transport sustainability assessment 
category were AHP, PROMETHEE and SAW. The predomi-
nant MCDM methods in the transport project selection 
category are AHP, TOPSIS, SMART/SMARTER and ANP. 
The widest range of methods applied were in the pub-
lic transport planning category. AHP and TOPSIS can be 
distinguished as the dominant methods in this category.  

Figure 5. Manifestations of the MCDM methods in the articles 
on transport sustainability issues in 2005–2020 (number of 
studies) (source: created by the authors based on data from 
the WoS database as of 16 April 2021)

Table 4. Distribution of the articles related to “sustainable 
transport” and “multi-criteria decision-making/analysis” across 
the outlets (source: prepared by the authors based on data 
from the WoS database as of 16 April 2021)

Journal Articles[count] Articles [%]
Sustainability 26 14.5
Journal of Cleaner Production 11 6.2
Transport 7 3.9
Transportation Research Part A: 
Policy and Practice

6 3.4

Transportation Research Procedia 6 3.4

Note: The table shows journals with more than 5 publications.

AHP, 39

PROMETHEE, 15

TOPSIS, 11

SAW, 8

SMART/SMARTER, 6

VIKOR, 4

BWM , 4

DEMATEL, 3

ANP, 3

MABAC, 3

ELECTRE III, 3

COMET, 2

EDAS, 2
ARAS, 2

MOUT, 2
MAVT, 2

Others, 40
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Table 5. Categorization of the studies by used method and application area (source: created by the authors)

Method Transport policy
Sustainability 
assessment

Project selection
Public transport 

planning
Logistics

Methods 
selection

AHP  ■ Kramar et al. (2019); 
 ■ Ullah et al. (2018); 
 ■ Soria-Lara, Banister 
(2018); 

 ■ Vermote et al. 
(2013);

 ■ Phdungsilp (2010)

 ■ Zapolskytė et al. 
(2020); 

 ■ Kumar, 
Anbanandam 
(2021);

 ■ Nowakowski, Król 
(2021); 

 ■ Jasti, Ram (2019a, 
2019b); 

 ■ Alzouby et al. 
(2019); 

 ■ Jones et al. (2013); 
 ■ Oltean-Dumbrava 
et al. (2013); 

 ■ Castillo, Pitfield 
(2010)

 ■ Henke et al. (2020); 
 ■ Broniewicz, 
Ogrodnik (2020); 

 ■ Erdogan, Kaya 
(2019); 

 ■ Salling et al. (2018); 
 ■ Cadena, Magro 
(2015); 

 ■ Barfod, Salling 
(2015)

 ■ Ortega et al. 
(2020); 

 ■ Bivina, Parida 
(2020); 

 ■ Moslem et al. 
(2019); 

 ■ Ghorbanzadeh 
et al. (2019); 

 ■ Duleba, Moslem 
(2018);

 ■ Salling, Pryn 
(2015); 

 ■ Pryn et al. (2015)

 ■ Tadić et al. (2020);
 ■ Kumar, 
Anbanandam 
(2021); 

 ■ Aljohani, 
Thompson (2019); 

 ■ Semanjski, 
Gautama (2019); 

 ■ Kijewska et al. 
(2018); 

 ■ Awasthi et al. 
(2018); 

 ■ Wang et al. (2017); 
 ■ Macharis, Milan 
(2015)

 ■ Cornet et al. 
(2018); 

 ■ Barfod (2018); 
 ■ Boisjoly, 
El-Geneidy 
(2017); 

 ■ Macharis 
et al. (2012)

PROMETHEE  ■ Neofytou et al. 
(2020); 

 ■ Ogrodnik (2020)

 ■ Nowakowski and 
Król (2021);

 ■ Antanasijević et al. 
(2017); 

 ■ Oltean-Dumbrava, 
Miah (2016); 

 ■ Oltean-Dumbrava 
et al. (2016)

 ■ Broniewicz, 
Ogrodnik (2020)

 ■ Palevičius et al. 
(2016); 

 ■ Bulckaen et al. 
(2016)

 ■ Aljohani, 
Thompson (2019); 

 ■ Wątróbski et al. 
(2017); 

 ■ Macharis, Milan 
(2015); 

 ■ Simongáti (2010)

 ■ Huang et al. 
(2021); 

 ■ Macharis 
et al. (2012)

TOPSIS  ■ Jakimavicius, 
Burinskiene (2009)

 ■ Zapolskytė et al. 
(2020)

 ■ Broniewicz, 
Ogrodnik (2020); 

 ■ Erdogan, Kaya 
(2019)

 ■ Al-Kaabi et al. 
(2020);

 ■ Shishegaran et al. 
(2020);

 ■ Palevičius et al. 
(2016)

 ■ Yazdani et al. 
(2020); 

 ■ Chen et al. (2019); 
 ■ Wątróbski et al. 
(2017)

 ■ Shekhovtsov 
et al. (2020)

SAW  ■ Jakimavicius, 
Burinskiene (2009)

 ■ Zapolskytė et al. 
(2020); 

 ■ Oltean-Dumbrava, 
Miah (2016); 

 ■ Oltean-Dumbrava 
et al. (2013, 2016)

 ■ Palevičius et al. 
(2016);

 ■ Rybarczyk, Wu 
(2010)

 ■ Simongáti (2010);

SMART/
SMARTER

 ■ Oltean-Dumbrava 
et al. (2013)

 ■ Salling et al. (2018); 
 ■ Barfod, Salling 
(2015)

 ■ Salling, Pryn 
(2015); 

 ■ Pryn et al. (2015)

 ■ Barfod (2018)

VIKOR  ■ Paul et al. (2020)  ■ Ma et al. (2019)  ■ Bai et al. (2017)  ■ Shekhovtsov 
et al. (2020)

BWM  ■ Paul et al. (2020)  ■ Van de Kaa et al. 
(2017)

 ■ Ortega et al. 
(2020); 

 ■ Moslem et al. 
(2020)

DEMATEL  ■ Yang et al. (2016)  ■ Ma et al. (2019)  ■ Yazdani et al. 
(2020); 

 ■ Kijewska et al. 
(2018)

ANP  ■ Sayyadi, Awasthi 
(2020)

 ■ Tadić et al. (2019); 
 ■ Yang et al. (2016)

MABAC  ■ Blagojević et al. 
(2020); 

 ■ Pamucar et al. 
(2020)

 ■ Yazdani et al. 
(2020)

ELECTRE III  ■ Shmelev, Shmeleva 
(2018); 

 ■ Oltean-Dumbrava, 
Miah (2016); 

 ■ Oltean-Dumbrava 
et al. (2016)

COMET  ■ Sałabun et al. 
(2019)

 ■ Shekhovtsov 
et al. (2020)
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Method Transport policy
Sustainability 
assessment

Project selection
Public transport 

planning
Logistics

Methods 
selection

EDAS  ■ Zagorskas, Turskis 
(2020b)

 ■ Yazdani et al. 
(2020)

ARAS  ■ Zagorskas, Turskis 
(2020a, 2020b) 

MOUT  ■ Höfer, Madlener 
(2020); 

 ■ Casanovas-Rubio 
et al. (2020)

MAVT  ■ Phdungsilp (2010)  ■ Ekener et al. (2018)
MAJA  ■ Cieśla et al. (2020)
CODAS  ■ Yazdani et al. 

(2020)
COPRAS  ■ Zapolskytė et al. 

(2020)
WSM  ■ Oltean-Dumbrava 

et al. (2013)
TODIM  ■ Mohagheghi et al. 

(2017)
MIVES  ■ Oses et al. (2017)
SIMUS  ■ Stoilova et al. 

(2020)
FUCOM  ■ Pamucar et al. 

(2020)
MACBETH  ■ Marleau Donais 

et al. (2019)
MEW  ■ Zagorskas, Turskis 

(2020a)
SWARA  ■ Zagorskas, Turskis 

(2020a)
COCOSO  ■ Blagojević et al. 

(2020)
MULTIMOORA  ■ Turskis et al. (2019)
NAIADE  ■ Corral, Hernandez 

(2017)
Other  ■ Le Boennec et al. 

(2019); 
 ■ Hickman et al. 
(2012); 

 ■ Pettit et al. (2011)

 ■ Ribeiro et al. (2020);
 ■ Shmelev, Shmeleva 
(2018);

 ■ Awad-Núñez et al. 
(2015); 

 ■ Azapagic et al. 
(2013)

 ■ Krajangsri, 
Pongpeng (2019); 

 ■ Keshkamat et al. 
(2009)

 ■ Yang et al. (2020); 
 ■ Pamucar et al. 
(2020); 

 ■ Sharav et al. 
(2018);

 ■ Mukherjee (2017); 
 ■ Chen et al. 
(2017);

 ■ Josimović et al. 
(2016); 

 ■ Schmale et al. 
(2015)

 ■ Lebeau et al. 
(2018); 

 ■ Bandeira et al. 
(2018); 

 ■ Feitó-Cespón et al. 
(2017); 

 ■ Bouhana et al. 
(2015)

 ■ Nguyen et al. 
(2020); 

 ■ Barradale, 
Cornet (2018); 

 ■ Vo et al. 
(2017); 

 ■ Dimitriou 
et al. (2016); 

 ■ Ward et al. 
(2016); 

 ■ Griškevičiūtė-
Gečienė 
(2010)

End of Table 5

The predominant MCDM techniques in the logistics cat-
egory are AHP, PROMETHEE and TOPSIS. The articles in 
methods selection category mostly propose to apply AHP 
or PROMETHEE techniques. Also, the biggest number of 
unidentified methods was found in the articles assigned 
to this category. The percentage distribution of MCDM 
techniques in each application area is provided in Table 6. 
Table 7 shows the popularity of methods by application 
area.

3.2.1. MCDM for solving transport policy issues

Although different studies use quite a wide range of meth-
ods, almost one 3rd of studies applied AHP approach for 
the ranking the alternatives. The studies assigned to this 
category are focused on sustainable decision-making in 
the transport sector and are mostly dedicated to stake-
holders to assist them in planning.

A part of the research in this category is focused on 
sustainable urban planning issues. Cieśla et al. (2020) pre-



I. Šikšnelytė-Butkienė et al. Multi-criteria decision-making for solving transport sustainability issues: an overview272

Table 6. The distribution of MCDM techniques by application areas [%] (source: created by the authors)

Method Transport 
policy

Sustainability 
assessment

Project 
selection

Public transport 
planning Logistics Methods 

selection
AHP 28 28 30 18 32 25
PROMETHEE 11 13 5 5 16 13
TOPSIS 6 3 10 8 12 6
SAW 6 13 5 4
SMART/SMARTER 3 10 5 6
VIKOR 3 3 4 6
BWM 3 5 5
DEMATEL 5 3 4
ANP 6 10
MABAC 5 4
ELECTRE III 9
COMET 3 6
EDAS 3 4
ARAS 5
MOUT 11
MAVT 6 3
MAJA 6
CODAS 4
COPRAS 3
WSM 3
TODIM 5
MIVES 3
SIMUS 3
FUCOM 3
MACBETH 5
MEW 3
SWARA 3
COCOSO 3
MULTIMOORA 5
NAIADE 6
Other 17 13 10 18 16 38
Total [%] 100 100 100 100 100 100

sented a model for the transport planning in metropolitans.  
The proposed model includes such indicators as: ecologi-
cal aspects, transport safety, financial and qualitative as-
pects. Kramar et al. (2019) presented a holistic approach 
for transport planning in urban areas. The approach is 
based on the AHP method and is oriented towards sus-
tainable policy targets implementation. The methodol-
ogy is designed for strategic planning. Jakimavičius & 
Burinskienė (2009) presented a framework for the analysis 
and ranking of transportation zones in a capital of Lith-
uania – Vilnius. The ranking is based on and a GIS and 
MCDM TOPSIS and SAW techniques. Le Boennec et al. 
(2019) evaluated fifty innovative mobility options in low-
density French areas. The authors proposed a decision tool 
for local authorities in order to help implement sustain-
able transport policy. Vermote et al. (2013) combined the 
multi-actor multi-criteria assessment and AHP technique 
to prepare a decision-making tool for the regional freight 
route network planning in the Flanders region (Belgium). 
The study evaluates 4 alternatives (freight ring ways) ac-

cording to the preferences of the different stakeholders. 
According to the results, transport companies seek for im-
proved access, whereas municipalities and the like bodies 
as well as residents focus on traffic safety and good liv-
ing conditions. Casanovas-Rubio et al. (2020) presented a 
tool for decision-making, which measures the impact of 
construction work on mobility. The tool is based on MAUT 
approach and could serve for the construction planners 
and for local authorities. The authors presented a decision-
making framework for Barcelona (Spain).

The other part of the studies is focused on the imple-
mentation of policy goals. Neofytou et al. (2020) meas-
ured a number of indicators describing gains in energy ef-
ficiency for the Greek transport sector. The authors applied 
PROMETHEE II approach for the ranking of actions towards 
achieving significant reduction of GHG emissions in coun-
try energy system. The study shows that energy efficiency 
measures in building sector are more effective than in 
transport. Höfer & Madlener (2020) assessed 4 energy 
transition scenarios by ranking them by MOUT approach. 
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The constructed decision model and methodology was 
applied in the whole energy sector (including transport), 
but could be easily applied to solve sustainable transition 
in one sector also. Sayyadi & Awasthi (2020) evaluated 5 
transportation policies scenarios by using system dynamics 
simulation model and multi-criteria ANP method. Accord-
ing to the results, the trip sharing policy would be the 
most sustainable option according to the criteria selected. 
Ullah et al. (2018) evaluated gaseous alternatives for the 
Pakistan road transport sector. The authors applied the 
AHP method for ranking the alternatives. It was found that 
compressed natural gas is the most preferable fuel alterna-
tive. The created decision framework can be used for the 
policy planning in seeking the sustainable transport sector 
development in the country. Corral & Hernandez (2017) 
used NAIADE approach for the sustainable transport policy 
planning in Canary Islands (Spain). The main attention in 
the proposed DSS was paid to citizen participation and 
transparency. According to the authors, the involvement of 
various stakeholders to planning process is the main direc-
tion of sustainable planning. Phdungsilp (2010) modelled 
possible energy policy scenarios to implement low-carbon 

urban development in Bangkok. It has been found that the 
transport sector is the main contributor to low carbon city 
development. A shift from private cars to public transport 
systems has the big potential to significantly reduce car-
bon emissions and energy demand in the city. Soria-Lara 
& Banister (2018) proposed a methodological framework 
for the determination of sustainable transport futures. The 
transport sector in a region of Spain has been used for a 
case study and AHP technique was applied for calcula-
tions. Ogrodnik (2020) applied PROMETHEE for the analy-
sis of Polish cities and their compliance with the smart city 
indicators. The analysis takes into account 43 indicators 
that reflect the concept of smart city.

3.2.2. MCDM for transport sustainability assessment

The issues addressed in this category are from various ar-
eas related to infrastructure development, transport ser-
vices, sustainability assessment of existing infrastructure 
projects, sustainability of all transport sector of a city or 
country. 

The biggest part of the studies dealt with sustainable 
infrastructure development. Zapolskytė et al. (2020) ap-

Table 7. The distribution of application areas by the MCDM techniques [%] (source: created by the authors)

Method Transport policy Sustainability 
assessment Project selection Public transport 

planning Logistics Methods 
selection

AHP 13 23 15 18 21 10
PROMETHEE 13 27 7 13 27 13
TOPSIS 9 9 18 27 27 9
SAW 13 50 0 25 13
SMART/SMARTER 17 33 33 0 17
VIKOR 25 25 25 25
BWM 25 25 50 0
DEMATEL 33 33 33
ANP 33 67
MABAC 67 33
ELECTRE III 100
COMET 50 50
EDAS 50 50
ARAS 100
MOUT 100
MAVT 50 50
MAJA 100
CODAS 100
COPRAS 100
WSM 100
TODIM 100
MIVES 100
SIMUS 100
FUCOM 100
MACBETH 100
MEW 100
SWARA 100
CoCoSo 10
MULTIMOORA 100
NAIADE 100
Other 12 15 8 27 15 23
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plied 4 MCDM methods (AHP, TOPSIS, SAW and COPRAS) 
for the sustainability assessment of infrastructure devel-
oped and transport services in Vilnius (Lithuani). According 
to the results, there is a link between the distance from site 
to the city centre. Alzouby et al. (2019) analysed accessibil-
ity issues of disabled people to necessary services in a city 
of Jordan. The MCDM AHP technique was applied for the 
calculations. The proposed assessment methodology could 
serve the local authorities and city planners in the future 
transport and whole urban system development. Jones 
et al. (2013) introduced a framework for the sustainability 
measurement of urban transport projects. The framework 
is designed to monitor transport projects in developing 
countries and to reflect local issues. The AHP approach is 
applied for obtaining utility scores. The article provides a 
case study in the Accra city (Ghana). The framework can 
be easily adapted to other cities in developing countries. 
Oltean-Dumbrava & Miah (2016) assessed thirteen road-
side noise barriers by applying SAW, PROMETHEE and 
ELECTRE III methods. The results of the assessment can be 
of use for the city and road planners. Also, the proposed 
methodology could be applied for future research to as-
sess new types of barriers and to select the best one. In 
another study by Oltean-Dumbrava et al. (2016) the same 
3 methods were used for the sustainability evaluation of 
devices for transport noise reduction. In the other study by 
Oltean-Dumbrava et al. (2013), authors applied 4 MCDM 
techniques (SAW, WSM, AHP and SMART) for the creation 
of tool, which allows to make sustainable decisions in re-
ducing transport noise.

A quite significant proportion of studies focus on sus-
tainability assessment of the city- or country-level trans-
portation systems. Jasti & Ram (2019b) assessed sustain-
ability of public transport system in a city of India. In the 
latter case, the AHP was utilized and 29 indicators were 
chosen to reflect the case study of the city. In the other 
study by Jasti & Ram (2019a) the same MCDM technique 
was applied for the sustainability assessment of metro 
rail system in Mumbai (India). Oses et al. (2017) created 
a sustainability index for transport assessment in the San 
Sebastian (Spain). The MIVES technique was applied for 
the calculations. The index could be adopted for transport 
system sustainability assessment in various cities. Shme-
lev & Shmeleva (2018) evaluated 57 cities in the World 
in terms of smart city and sustainability dimensions. The 
set of indicators used consists of 20 indicators, including 
indicators reflecting public transport, mobility and cycling 
conditions in the city. Antanasijević et al. (2017) applied 
MCDM analysis for the evaluation of sustainability perfor-
mance in European countries. The authors ranked Europe 
countries by using PROMETHEE technique. Although the 
performance was assessed not only in transport, indica-
tors reflecting the transport sector were involved in the 
assessment. Castillo & Pitfield (2010) presented a meth-
odological framework for the identification and selection 
of indicators for sustainable transport development. The 
AHP technique was applied for the calculations.

Also, there are studies directly related to the use of 
vehicles. Nowakowski & Król (2021) applied 2 MCDM tech-
niques (AHP and PROMETHEE) for the measurement of 
influence of end-of-life tires on transportation cost and 
exhausts emissions of vehicle. Ekener et al. (2018) pro-
posed a sustainability assessment methodology, which is 
based on life cycle assessment and applied the method-
ology for evaluation of transportation fuels (fossil based 
and biomass based). According to authors, evaluation re-
sults mostly depend upon the view and values held by the 
decision-maker.

The framework for the sustainability assessment of 
transportation service providers by Paul et al. (2020) in-
tegrates BMW and VIKOR methods. The study considers 
4 dimensions of transport sustainability such as economic, 
social, environmental and operational aspects of transport 
service sustainability.

3.2.3. MCDM for transport project selection

The issues addressed in this category are related to various 
transport questions. A part of the questions is related to 
selection of the best option for investments. Henke et al. 
(2020) presented and applied a sustainable evaluation sys-
tem for investments in the transport sector. The proposed 
system is based on AHP technique and CBA. Mohagheghi 
et al. (2017) presented an approach for the assessment 
and ranking of investment projects under uncertainty. The 
approach is based on TODIM technique.

Other studies address issues related to transport in-
frastructure development. Broniewicz & Ogrodnik (2020) 
overviewed several MCDM techniques for transport pro-
ject selection and applied AHP, TOPSIS and PROMETHEE 
for selection of the alternative of the expressway section 
in Poland. Tadić et al. (2019) applied ANP approach for 
the sustainable planning of intermodal terminals. The pro-
posed framework takes into account the requirements of 
various stakeholders and the concept of sustainable de-
velopment. Turskis et al. (2019) proposed a hybrid MCDM 
model for the most appropriate 2nd runway of the Vilnius 
airport (Lithuania) selection. The authors solved the ques-
tion by applying MULTIMOORA method. Marleau Donais 
et al. (2019) prepared a framework for the identification 
and selection of streets that need to be redesigned in a 
city of Canada. The presented framework pays attention 
to the concept of sustainability and sustainable planning. 
Also, a lot of attention was paid to communication and 
collaboration between professionals in decision-making. 
The MCDM method MACBETH is applied for the calcula-
tions. In order to present a framework for the sustainable 
transport infrastructure project selection Yang et al. (2016) 
combined 2 MCDM techniques (DEMATEL and ANP) and 
goal programing. The proposed tool allows to involve 
environmental costs into decision-making process and 
to plan transport infrastructure in more sustainable way. 
Barfod & Salling (2015) presented a framework for the 
sustainable evaluation of transport infrastructure projects. 
The introduced framework is based on the combination of 
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CBA and MCDA (AHP, SMART, SMARTER). The framework 
allows addressing the decision questions from a sustain-
able, an economic and a strategic point of view at the 
same time. The article presents a case dealing with the 
most preferable alternative for a new fixed link between 
Sweden and Denmark. Salling et al. (2018) analysed the 
Danish research project, which proposed a framework 
for sustainable transport planning. In order to show the 
universality of the framework the authors applied SMART 
and AHP methods for 3 different transport infrastructure 
projects.

Erdogan and Kaya (2019) presented a prioritization 
model for the failure analysis for public transport systems. 
The model is based on 2 multi-criteria techniques. AHP 
was used to determine the criteria weights, TOPSIS was 
applied for final ranking. Van de Kaa et al. (2017) applied 
BWM method for the analysis of 2 electric vehicles alter-
natives (hydrogen fuel cell and battery). The authors tried 
to determine which factors make the biggest influence for 
the future development of one or another technology. It 
was found that the main factors for success are techno-
logical superiority, compatibility, brand credibility and rep-
utation. According to the results, battery powered electric 
vehicles have a better possibility to be widely developed. 
In the study by Cadena & Magro (2015), the proposed 
model sought to reduce imprecision and subjectivity for 
the setting sustainability criteria weights in MCDM models. 
The AHP approach is used for the determination of criteria 
weights. The study presents a methodology and suggests 
setting criteria weights based not only on experts’ opinion, 
but also on the importance of the sustainability criteria re-
garding the social and geographical context of the project.

3.2.4. MCDM for public transport planning

The largest number of articles have been assigned to 
the public transport planning category, and the range of 
methods applied is the widest too. 

A part of the research addresses issues related to 
mobility choices. Moslem et al. (2020) applied BWM for 
identification of mobility choice changes in the face of 
COVID-19 pandemic. The authors performed a case study 
in Catania and Palermo cities (Italy). The results showed 
a tendency to walk for short distances and a decrease in 
the use of public transport services during the pandemic. 
Bulckaen et al. (2016) applied PROMETHEE method and 
multi-actor multi-criteria analysis for the evaluation of 
mobility choices. The proposed framework pays main at-
tention to the synergies of stakeholder’s preferences and 
sustainability issues. The authors applied the framework 
for the 3 case studies. The results show that stakeholders 
have preferences closely related to sustainable choices. For 
the transport planning issues, Ortega et al. (2020) com-
bined the BMW and AHP technique. The authors applied 
the system developed to plan Park and Ride locations in 
the city. Also, it is worth mentioning, that “accessibility 
of public transportation” is the most significant aspect in 
selecting park and ride locations. Bivina & Parida (2020) 

applied AHP for the identification of the main priorities 
of pedestrians in city of India. It was found that safety of 
walking environment is the most important factor for the 
pedestrians.

The other part of the studies solves problems related 
to different alternatives of public transport (railways, bicy-
cles, roads). Al-Kaabi et al. (2020) introduced a framework 
for the assessment of the sustainability of roadway inter-
sections. The presented framework is oriented towards 
road-users, the sustainability indicators selected presented 
the traditional concept of sustainability. The framework 
was applied for assessment of sustainability of 4 intersec-
tions in UAE. The results indicated that traffic volume had 
a significant impact on intersection sustainability ranking, 
while the effect of operational speed was insignificant. The 
assessment is based on TOPSIS method. Shishegaran et al. 
(2020) applied the TOPSIS method for the sustainability as-
sessment and ranking of 6 scenarios for the improvement 
of traffic condition in one of the interchanges in Tehran.

Blagojević et al. (2020) proposed a new model for the 
safety assessment of railway traffic based on MABAC. The 
authors selected eleven criteria to reflect sustainability is-
sues of railway traffic. The model was applied for evalua-
tion of safety level in railways of Bosnia and Herzegovina. 
Stoilova et al. (2020) presented a methodology, which al-
lowed to evaluate and classify the railway network perfor-
mance. The study provided an assessment of the Trans-Eu-
ropean Transport Network corridor and ranked countries 
by applying SIMUS method.

Zagorskas & Turskis (2020b) presented a tool to set 
the development and renewal priorities of bicycle path-
ways. The model is based on ARAS approach and is inte-
grated in GIS. Rybarczyk & Wu (2010) applied SAW and a 
GIS for the bicycle facility planning in the Milwaukee city 
(US). Ma et al. (2019) assessed a quality of bike sharing 
service in a city of China. The biggest attention was paid 
for the criteria selection in the assessment. The study paid 
attention to different groups of stakeholders (local author-
ity, platform operators, users and bike association). The 
authors applied a hybrid model in combining DEMATEL 
and VIKOR for the calculations. In order to implement sus-
tainable city planning Sałabun et al. (2019) applied COMET 
for the selection of the most acceptable bicycle option. 
The proposed evaluation system allows to assess options 
under conditions of incomplete knowledge.

Pamucar et al. (2020) proposed a new decision-mak-
ing model based on FUCOM-D’Bonferroni for the demand 
management of transportation. The model is designed to 
help transport planners and local authorities to manage 
urban mobility systems. The validity of the model is proved 
in comparison with others MCDM methods. The study 
presented an application of the method for the planning 
transportation system in the Istanbul (Turkey). Pryn et al. 
(2015) presented the SUSTAIN DSS model, which seeks to 
help decision-makers to evaluate transport projects in a 
sustainable way. AHP and SMARTER techniques are ap-
plied for calculations. The proposed framework was test-
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ed in making decision for planning connection crossing 
construction in the Frederikssund (Denmark). The same 
framework was applied to solve congestion problem of a 
bridge in a city of Frederikssund by Salling & Pryn (2015). 
Zagorskas & Turskis (2020a) applied several different 
MCDM techniques in order to create a hybrid model for 
the determine the best pedestrian bridge locations. The 
novel model combines MEW, EDAS, ARAS, SWARA MCDM 
techniques and is based on GIS. The proposed model 
could serve for the local authorities and city planners as a 
decision support tool. Palevičius et al. (2016) analysed 49 
shopping centres’ parking lots in the Vilnius (Lithuania) 
and tried to evaluate how this could contribute to reduc-
ing the problem of car parking for the population in the 
city. The authors introduced a framework and applied 3 
MCDM methods (SAW, PROMETHEE and TOPSIS).

It is also necessary to highlight that many studies pay 
a big attention to integrating stakeholders into the evalu-
ation process. In order to find consensus among various 
stakeholders for sustainable transport development Mos-
lem et al. (2019) applied the AHP. The authors proposed 
an evaluation procedure and applied it for addressing the 
sustainable planning issues in a city of Turkey. It was ar-
gued that following such a procedure may make the deci-
sion-makers more aware of the different interests among 
the stakeholders and can pay more attention to meeting 
the different requirements. Ghorbanzadeh et al. (2019) cre-
ated a decision support model sustainable public transport 
planning by applying AHP method. The model is oriented 
to find consensus among different groups of stakeholders. 
The authors applied the model for a case study in a city of 
Turkey. Duleba & Moslem (2018) present a decision-mak-
ing support model for the development of public trans-
port, which considers preferences of stakeholder groups. 
The model uses AHP technique. The proposed model was 
applied to find sustainable transport development solution 
in the Mersin city (Turkey).

3.2.5. MCDM for solving problems in logistics

Studies on freight planning are common for this category. 
The principles of sustainability are incorporated in the 
analysis. Mostly, the questions in this category are related 
to sustainable freight planning. Tadić et al. (2020) pro-
posed a hybrid evaluation model, which combines AHP 
and CODAS techniques for location selection of dry port 
terminals. The model takes into account various require-
ments of stakeholders, which reflect economic, ecologic 
and social related aspects. The proposed methodology 
was applied in the Balkans region. According to the re-
sults the best option according to the criteria selected is 
to open 3 terminals in the capitals of Croatia, Slovenia 
and Serbia. By applying extended TOPSIS technique Chen 
et al. (2019) presented a framework for hazardous materi-
als transportation alternatives selection. The framework is 
actual for manufacturing enterprises and gives possibility 
to rank transportation companies and choose the most 
suitable. Aljohani & Thompson (2019) applied AHP and 

PROMETHEE techniques for the selection of the most sus-
tainable and suitable delivery fleet alternative. The study 
highlights the importance of involvement of stakeholders 
in the planning and selection of urban freight policies. Se-
manjski & Gautama (2019) presented a stakeholders’ deci-
sion-making model for sustainable logistics in urban areas. 
The decision-making model is based on AHP technique 
and could be flexible applied to different local contexts. Ki-
jewska et al. (2018) applied DEMATEL and AHP approaches 
for solving delivery problems and rationalize freight flow 
of goods in one region of Poland. Awasthi et al. (2018) 
created a framework based on AHP and VIKOR techniques 
for the sustainable selection of global supplier. The cri-
teria for the assessment were classified into 5 groups as 
follows: economic, social, environmental, global risk and 
quality. The results confirmed the highest importance of 
the economic criteria alongside the lowest importance of 
the global risk. Wątróbski et al. (2017) evaluated several 
electric freight vehicles for the city logistics by application 
of 2 MCDM techniques. The presented framework can be 
easily adapted to solve selection of vehicles for logistics 
in other cases. In order to ensure distribution services in 
a sustainable way Macharis & Milan (2015) presented a 
methodology to support the decision process. The main 
attention is paid to the stakeholders’ involvement in the 
planning. The methodology is based on Multi-Actor Multi-
Criteria Analysis and 2 MCDM methods (AHP and PRO-
METHEE) for ranking the alternatives. Simongáti (2010) ap-
plied SAW and PROMETHEE for the creation of a decision 
support tool for the assessment of freight alternatives and 
the selection of the most sustainable.

Also, there are studies dealing with sustainability as-
sessment of the transport system. Yazdani et al. (2020) 
proposed a framework for performance measurement of 
a freight transport system with incorporation of economic, 
social and environmental aspects of sustainability. The tool 
is based on DEMATEL and MABAC methods. The study 
measured the sustainability of 7 companies and compared 
the results with other MCDM methods (TOPSIS, EDAS and 
CODAS). According to the authors, methodologies based 
on rough number have advantages versus interval or fuzzy 
based techniques. Kumar & Anbanandam (2021) assessed 
environmental responsibility of freight transport service 
providers’ by applying AHP and VIKOR methods. The intro-
duced methodology was applied for evaluation of freight 
transport industry in India. Bai et al. (2017) presented a 
framework for sustainable transport fleet assessment, 
where economic, environmental and vehicle performance 
criteria are involved. The developed framework was used 
for a case study and VIKOR method rendered the ranking 
of the alternatives.

In order to investigate expectations of customers’ port 
services Wang et al. (2017) created a model for sustain-
able services decision. The authors provide a case study 
of the port of Ningbo (China), the model created is based 
on AHP approach. It was found that improvements in port 
infrastructure, cargo safety, and charges reduction are the 
main conditions to attract businesses.
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3.2.6. Methods selection studies

Several studies have been found proposing various MCDM 
approaches for sustainable transport decision-making and 
were singled out into methods selection category. Mainly 
these studies introduced frameworks and methodologies 
from the holistic point of view and paid significant atten-
tion to the involvement of stakeholders in decision-mak-
ing processes.

The authors emphasize the inclusion of sustainability 
criteria in transport assessments. Shekhovtsov et al. (2020) 
presented several techniques for the determination of 
decision criteria for solving sustainable transport issues. 
Cornet et al. (2018) drew attention to sustainability in 
transport appraisal and proposed a methodology for the 
construction of sustainability point of view. Nguyen et al. 
(2020) presented a framework for the sustainability assess-
ment of transport alternatives. The framework follows the 
holistic point of view and is constructed in 6 steps. As one 
of the main instruments for the evaluation, the MCDA is 
proposed. 

Also, there is a strong highlight on stakeholders’ in-
volvement in evaluations. By using the PROMETHEE meth-
od Huang et al. (2021) proposed a methodology, which 
helps to find consensuses in seeking sustainable mobility. 
According to the study, the proposed approach allows to 
find the minimum weight modification for each stakehold-
er. Barfod (2018) proposed a methodology for the sus-
tainable transport assessment by involving stakeholders, 
which can serve as an effective support tool in the search 
for more sustainable options to solve transport problems. 
Macharis et al. (2012) presented the multi actor multi-cri-
teria analysis in combination of AHP and PROMETHEE as 
a tool to assess transport projects. As is common for such 
an analysis, the methodology focuses on the opinion and 
preferences of various stakeholders.

4. Discussion on selection of instruments 
and criteria for sustainable transport 
decision-making

Decision-making in the transportation sector is a complex 
process influenced not only by the distinct characteristics 
of alternatives and potential solutions but also by the 
multifaceted requirements of transport service provid-
ers, passengers, freight companies, and decision-makers 
themselves. The intricacies of transport development is-
sues are interconnected, impacting diverse stakeholder 
groups. Consequently, involving a range of stakeholders 
in decision-making concerning transport development is 
essential. This inclusive approach is crucial to identify-
ing optimal solutions that can best meet the needs of all 
stakeholder groups.

Various studies underscore the importance of stake-
holder participation in sustainable transport decision-
making, as evidenced by studies such as Barfod (2018), 
Huang et al. (2021), Rześny-Cieplińska et al. (2021), Lee 
et al. (2021), and Karolemeas et al. (2021). Involving vari-

ous stakeholders yields numerous advantages, including 
the democratization of decision-making processes, in-
creased awareness, knowledge and information sharing, 
and the encouragement of meaningful discussions. Impor-
tantly, stakeholder engagement enables a comprehensive 
examination of the problem from diverse perspectives. 
This engagement serves as a primary tool in the process 
of selecting indicators and determining their weights. It 
also plays a role in influencing the responsibility to ac-
cept and implement the final project outcome. Given the 
varied priorities and preferences of stakeholder groups in 
the transport sector, employing multi-criteria analysis be-
comes a suitable method for considering and evaluating 
potentially conflicting solutions and ultimately selecting 
the most preferable one.

One can identify the main requirements for the devel-
opment of a comprehensive and reliable set of criteria for 
the assessment of transport development alternatives. One 
of the essentials is to ensure that the set of criteria will 
reflect the concept of sustainability, i.e., criteria selected 
should cover economic, environmental and social dimen-
sions of sustainability. Also, it is very important that criteria 
will be selected taking into account the specific character-
istics of the location, project and groups of stakeholders. 
In this stage, it is very reasonable to involve experts and 
various stakeholders for the selection and weighting of 
criteria. Besides all that, reliable and reasonable methods 
should be applied for the measurement and ranking of the 
sustainable transport development alternatives.

The development a comprehensive and reliable set of 
criteria for sustainable transport development, especially 
when it is related to transport policy or public planning 
issues should follow holistic approach, taking into account 
the diverse dimensions and complexities associated with 
the problem. In such cases the engagement of stakehold-
ers in decision-making process is extremely important. It 
allows to:
 ■ to democratize decision-making. The involvement of 
a diverse range of stakeholders in the decision-making 
process allows to ensure that decisions are made with 
input from various perspectives and interests. This helps 
to avoid bias and promotes a democratic approach, 
where decisions reflect the collective needs and prefer-
ences of the different groups of stakeholders;

 ■ to raise awareness and share knowledge and infor-
mation. Sustainable transport initiatives often require 
public support and awareness. The engagement of 
stakeholders contributes as informing and educating 
measure regarding the benefits and implications, fosters 
a culture of understanding and support;

 ■ to encourage discussions and overthink multiple per-
spectives. Considering diverse perspectives is crucial for 
identifying comprehensive and inclusive solutions. Look-
ing at the problem from different perspectives allows a 
well-rounded analysis of the problem, leading to deci-
sions that account for the various needs and concerns of 
different stakeholder groups. Also, innovative ideas and 
solutions can emerge through dialogue;
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 ■ to select indicators and determine their weights. The 
selection of indicators and their weights is fundamen-
tal in assessing the most preferable alternative. The 
engagement of stakeholders allows to ensure, that the 
criteria will be selected carefully, and weights will be as-
signed in an appropriate way;

 ■ to enlarge responsibility of the decisions made. Sus-
tainable transport decisions often require commitment 
and accountability for successful implementation. There-
fore, the engagement of various stakeholders allows to 
ensure that decision-makers not only make informed 
choices but also take ownership of the outcomes, fos-
tering a commitment to seeing the proposed solutions 
through to completion.

The creation of a representative set of criteria is neces-
sary not only to assess transport development alternatives 
in scientific articles or theory, but also to use it in practice 
for the decision-making in the transport sector. Decision 
support instruments are essential for policy makers and 
local authorities in seeking to make decisions in sustain-
able way. However, often the essence of sustainability 
concept is ignored. Due attention to the environmental 
and social dimension is often overlooked. To fill this gap, 
the thematic areas of criteria for the sustainable transport 
decision-making that reflect the concept of sustainable 
development are provided (Table 8).

Relying on an integrated approach, which considers 
economic, social and environmental perspectives, ensures 
that sustainable transport initiatives will be environmental-
ly friendly, economically viable and socially beneficial. The 
economic criteria contribute to a comprehensive evalua-
tion of the financial and economic implications of different 
decision-making alternatives. By considering these factors, 
decision-makers can prioritize solutions that not only align 
with sustainability goals but also make economic sense in 
the long run. The main thematic areas of economic crite-
ria that should be considered when making decisions in 
transport sector can be singled out:
 ■ cost of infrastructure / project development. The initial 
cost of developing transportation infrastructure is a cru-
cial economic criterion. It directly impacts the feasibility 
and financial viability of sustainable transport projects. 
Considering this cost helps decision-makers assess the 
economic sustainability of the project and allocate re-
sources efficiently;

 ■ operating cost. The ongoing operating cost of a sus-
tainable transport system is a key economic factor. This 
includes expenses related to fuel, energy, personnel, and 
other operational aspects. Evaluating operating costs is 
essential for determining the long-term financial viabil-
ity and efficiency of the chosen sustainable transport 
solution;

 ■ maintenance cost. The cost associated with maintaining 
transportation infrastructure and vehicles over time is 
vital for sustainable transport decision-making. Sustain-
able options with lower maintenance costs contribute 
to long-term economic viability and reduce the financial 
burden on the system’s operators and stakeholders;

 ■ time cost. Time is a valuable economic resource for both 
individuals and businesses. Considering time costs in 
sustainable transport decision-making accounts for fac-
tors such as travel time, congestion, and delays. Efficient 
and sustainable transport solutions help minimize time 
costs, improving overall economic productivity and user 
satisfaction;

 ■ accident cost. Accidents and their associated costs have 
significant economic implications. Sustainable transport 
options often come with safety features that can reduce 
accident rates and their related costs, including medi-
cal expenses, property damage, and productivity losses. 
Considering accident costs emphasizes the importance 
of safety in the economic sustainability of transportation 
systems.

The consideration of various environmental criteria 
ensures a comprehensive assessment of the ecological 
implications of different transport options. By consider-
ing these factors, decision-makers can prioritize sustain-
able transport solutions that not only meet transportation 
needs but also takes into account the environmental per-
spective. After careful content analysis of studies dealing 
with sustainable transport issues the main thematic areas 
of environmental criteria can be categorized into several 
categories:
 ■ energy consumption. Evaluating energy consumption 
is crucial for assessing the sustainability of alternatives. 
Sustainable options typically aim to minimize energy 
consumption, promoting the use of efficient and eco-
friendly technologies that reduce reliance on non-re-
newable energy sources;

Table 8. Thematic areas of criteria for the sustainable transport decision-making (source: created by the authors)

Economic criteria Environmental criteria Social criteria

 ■ cost of infrastructure / project development;
 ■ operating cost;
 ■ maintenance cost;
 ■ time cost;
 ■ accident cost

 ■ energy consumption;
 ■ resource use;
 ■ renewable fraction;
 ■ GHG emissions;
 ■ air pollution;
 ■ noise;
 ■ effects on species;
 ■ landscape degradation;
 ■ negative visual impact

 ■ safety;
 ■ health;
 ■ quality of life criteria (noise, visual impact, disruption);
 ■ impact on businesses services;
 ■ impact on community services;
 ■ impact on employment
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 ■ resource use. Sustainable transport decisions should 
consider the impact on natural resources. Efficient use 
of resources, such as materials for infrastructure or ve-
hicle production, is essential to minimize environmental 
degradation and depletion of finite resources;

 ■ renewable fraction. The proportion of renewable en-
ergy used in transport operations is the other impor-
tant criterion. A higher renewable fraction indicates a re-
duced reliance on fossil fuels, contributing to lower GHG 
emissions and a more sustainable transport system;

 ■ GHG emissions. GHG emissions directly contribute to 
climate change. Therefore, evaluating and minimizing 
GHG emissions is a fundamental environmental crite-
rion for sustainable transport decision-making, promot-
ing options with lower carbon footprints;

 ■ air pollution. The environmental impact of air pollution 
is a significant concern. Sustainable transport options 
aim to minimize emissions of pollutants harmful to air 
quality, promoting public health and reducing the eco-
logical impact on ecosystems;

 ■ noise. Noise pollution is a critical environmental factor 
associated with transport. Sustainable options focus on 
minimizing noise levels, contributing to improved qual-
ity of life for communities near transportation routes 
and protecting wildlife habitats;

 ■ effects on species. Transportation systems can have ad-
verse effects on local flora and fauna. Considering the 
impact on species helps identify sustainable options that 
minimize disruptions to ecosystems and protect biodi-
versity;

 ■ landscape degradation. Sustainable transport decisions 
should account for the potential degradation of land-
scapes and natural environments. Minimizing the impact 
on scenic beauty and preserving natural habitats is es-
sential for long-term environmental sustainability;

 ■ negative visual impact. Visual aesthetics play a role 
in the environmental impact of transport infrastructure. 
Sustainable options strive to minimize negative visual 
impacts, preserving the visual harmony of landscapes 
and urban areas.

Incorporating social criteria into sustainable transport 
decision-making allows to ensure a holistic approach that 
goes beyond infrastructure and efficiency. By address-
ing safety, health, quality of life, impacts on businesses 
and community services, and employment considerations, 
decision-makers can prioritize options that not only meet 
transportation needs but also enhance the well-being of 
society and local communities:
 ■ safety. Safety is a paramount social criterion in sustain-
able transport decision-making. Prioritizing safety helps 
protect the well-being of individuals and communities. 
Sustainable transport options aim to minimize accidents 
and enhance overall safety for users and pedestrians;

 ■ health. The impact of transport on public health is a 
critical social consideration. Sustainable transport op-
tions contribute to better air quality, reduced exposure 
to pollutants, and increased physical activity, positively 
influencing public health and well-being;

 ■ quality of life criteria (noise, visual impact, disrup-
tion). Quality of life criteria encompass various factors 
that directly affect residents’ well-being. Minimizing 
noise and visual impact, as well as reducing disruptions 
from transport activities, helps create more liveable and 
pleasant communities, enhancing the overall quality of 
life for residents;

 ■ impact on business services. Sustainable transport de-
cisions should consider their impact on local businesses. 
Efficient and accessible transportation can positively in-
fluence business activities by facilitating the movement 
of goods and people, contributing to economic vitality 
and community development;

 ■ impact on community services. Sustainable transport 
decisions can impact the accessibility of community ser-
vices such as schools, healthcare facilities, and recrea-
tional areas. Ensuring that transportation options sup-
port easy access to essential services contributes to the 
social well-being of communities;

 ■ impact on employment. Transportation projects and 
services have the potential to generate employment op-
portunities. Sustainable transport decision-making con-
siders the impact on employment, aiming to create jobs 
and support local economies while minimizing negative 
social consequences such as displacement.

Based on the literature review, the 4 most typical 
MCDM techniques have been identified that were used 
to solve different transport sustainability issues (Figure 6). 

Indeed, these 4 techniques cover different schools 
of the MCDM and can provide a rather comprehensive 
overview of the possible options for methodological ap-
proaches regarding the data aggregation. Obviously, there 
have been numerous MCDM techniques developed, and 
a single article cannot take all of them into consideration. 
Thus, we use the 4 options identified through the review 
as representatives for the related techniques that are ap-
plied less frequently. Also note that here we mainly focus 
on discrete optimization and ignore approaches for the 
infinite sets of alternatives (mathematical programming).

Figure 6. The most popular MCMD approaches used by the 
application areas (source: created by the authors)

Public transport planning

■  AHP;
■  TOPSIS;
■  SAW

Sustainability assessment

■  AHP;
■  PROMETHEE;
■  SAW

Logistics

■  AHP;

■  PROMETHEE;

■  TOPSIS

Project selection

■  AHP

Transport policy

■  AHP
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The AHP approach represents the value-function ap-
proach and is based on pair-wise comparisons. These 
comparisons are usually done by the experts assigning 
the values of dominance for each pair (of criteria or al-
ternatives). Often times the AHP is used to generate the 
weights of criteria. Sometimes it can also be used to gauge 
the utility of alternatives themselves. The technique may 
become cumbersome if the experts are not experienced 
enough. The calculations need to be carried out following 
special algorithms. For fully automated processes, dedi-
cated software may be used. 

The PROMETHEE approach relies on pair-wise com-
parisons, yet these are carried out on a basis of the pre-
defined dominance functions. Therefore, expert input is 
needed when determining the shape of the dominance 
functions (which can be cumbersome for novice users). The 
PROMETHEE approach represents the outranking school, 
which has also developed an array of the like methods. 
These methods are often implemented by utilizing dedi-
cated software. The appealing property of the outranking 
methods is that they can ignore extreme deviations via 
the special assumptions regarding the distance functions. 
Some of the approaches render partial ranking (i.e., some 
alternatives are assigned the same ranks). 

The TOPSIS approach belongs to the group of refer-
ence-based methods. These methods consider the refer-
ence points and measure the distances to these points for 
each of the alternatives. The resulting measures then show 
the relative performance in a non-compensatory manner. 
The ideal solutions are established by using theoretically 
possible values rather than the observed ones. The meth-
od is easy to implement in simple spreadsheets.

The SAW method represents the value-function meth-
ods that are fully compensatory. In this case, the weight 
directly represents the marginal utility of the normalized 
decision values and can be used to understand the trade-
offs in a straightforward manner. The method is extremely 
simple and can be implemented by inexperienced users 
as well. The SAW relies on the additive utility function and 
other methods (e.g., weighted product) can be used to 
derive the utility functions of different forms.

The applications of MCDM techniques provide a 
structured and flexible approach for decision-makers to 
navigate the complexities of sustainable transport deci-
sion-making. They are highly useful due to their ability to 
handle complex and conflicting criteria. Such features as 
possibility to consider of multiple criteria simultaneously; 
incorporate both quantitative and qualitative criteria; per-
form trade-off analysis; involve stakeholders in decision-
making; perform sensitivity analysis; follow a systematic 
and transparent framework for decision-making and adapt 
decision-making process to different approaches are very 
useful in order to make decisions in sustainable way. By 
facilitating the consideration of diverse criteria, accommo-
dating stakeholder preferences, and offering systematic 
decision support, MCDM methods contribute significantly 
to identifying and selecting sustainable transport solutions.

5. Conclusions

The article overviews of the applications of MCDM for ad-
dressing transport sustainability issues and provides the 
main insights of methods selection for future research. 
The SALSA framework and the PRISMA statement were 
the basis for the research. The search was made on the 2 
combinations of topics “sustainable transport” + “multi-
criteria decision-making” and “sustainable transport” + 
“multi-criteria decision analysis” in all WoS categories. 

All the publications identified (172) were overviewed 
according to the main characteristics (publication year, 
WoS subject area, research institution, countries, journals). 
The detailed analysis of publications was made only for 
those publications (130), which met inclusion criteria se-
lected. In the detailed analysis, all selected publications 
were categorized into 6 categories by application area: 
transport policy studies, sustainability assessment studies, 
project selection studies, public transport planning stud-
ies, logistics studies and methods selection studies. Also, 
all the selected articles were categorized by the method 
applied.

Various methods were applied for solving various 
transport sustainability issues. The detailed content analy-
sis of publications and the categorization by the applica-
tion areas revealed that most of the cases of the multi-
criteria analysis were focused on sustainable transport 
planning and sustainability assessment issues. The most 
popular MCDM technique is AHP, which was applied in 
39 studies. Also, popular choices include PROMETHEE 
(15), TOPSIS (11) and SAW (8) techniques. The AHP, PRO-
METHEE and MOUT techniques are commonly used to 
solve sustainable transport policy issues. The most popular 
MCDM techniques in transport sustainability assessment 
category were AHP, PROMETHEE and SAW. The predomi-
nant MCDM methods in the transport project selection 
category are AHP, TOPSIS, SMART/SMARTER and ANP. The 
widest range of methods applied was found in the public 
transport planning category. AHP and TOPSIS can be dis-
tinguished as the dominant methods in this category. The 
predominant MCDM techniques in the logistics category 
are AHP, PROMETHEE and TOPSIS. The articles in methods 
selection category mostly propose to apply AHP or PRO-
METHEE techniques.

The main criteria for sustainability assessment studies 
in transport include: environmental (energy consumption, 
resource use and GHG emissions; habitat fragmentation 
and negative effects on species; air pollution; noise pol-
lution; landscape degradation and negative visual impact 
etc.); economic (infrastructure costs – construction/ main-
tenance/operating; travel time cost/saving; vehicle oper-
ating cost; accident cost/saving etc.), social (community 
disruption; impacts on businesses and community services; 
employment and labour standards, distributive effects of 
the transport project; occupational and community health 
and safety). 
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Based on the conducted overview, the future research 
guidelines can be formulated. Though, the multi-criteria 
analysis provides a proper structure for addressing the 
main sustainability issues of transport sector on various 
levels, however, the assessment process is highly sub-
jective in terms of criteria and indicators selection. The 
big problem is the lack of procedures for aggregating 
the evaluations of the individual criteria and weights of 
criteria. The future research is necessary to provide valid 
frameworks for integration of all stakeholders’ opinions in 
MCDA analysis of sustainability in transport. Mix of semi-
structured interviews, focus groups and Delphi research 
methods can be applied for identifying opportunities and 
immediate challenges for sustainable transport develop-
ment in a specific stakeholder environment, assessing their 
views and priorities. Based on these studies, criteria and 
their weights can be selected for MCDM and the best ac-
claimed MCDM techniques like AHP or PROMETHEE can 
be successfully applied. 
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