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ABSTRACT
It is well-known that a transport project is of multi-dimensional importance. However, the economic dimen-
sion of its effects dominates the evaluation of a transport project, in many cases, and less attention is given to 
other non-economic parameters. Within the framework of this article, the contribution of multi-criteria analysis 
(MCA) techniques to the evaluation of a transport system is presented and discussed. Their relative advantage 
is that they include not only economic criteria but also other qualitative criteria such as the environmen-
tal impacts. The latter is a very important factor in the evaluation process because it is directly connected to 
the sustainable character of the transport project each time. Case studies concerning the implementation of 
MCA techniques in the transport sector worldwide are also presented. A comparative evaluation of MCA 
techniques is also included in the article to assist in the selection process of the most appropriate technique(s) for a 
transport project.
Keywords: analytical hierarchy process, decision-making, multi-criteria analysis, transport evaluation process.

1 INTRODUCTION
The quite often irrational development of the transport sector poses a danger for the environment and 
the quality of life. The effects of this irrational development include traffi c congestion, the increasing 
number of accidents, environmental pollution, the all-increasing energy requirements and so on. 
Awareness about the environmental problems has increased not only among scientists, but also 
within the society in general. Therefore, there is a need for actions to secure a sustainable environ-
ment in general and a sustainable transport system in particular.

Sustainable development can be defi ned as the “development that seeks to meet the needs of the 
present without compromising the ability of future generations to meet their own needs” [1]. In 
general, the term sustainability is used to refer to the maintenance of the functions of the earth’s 
systems and its concept provides a central focal point to determine the fundamental orientation for 
the solutions of complex problems. From another perspective, sustainable development implies eco-
nomic development in harmony with nature without compromising the environmental basis of 
human life. The overall objective is to secure and increase the quality of life for all the people.

On the other hand, today only few researchers would dispute the assertions that transport evalua-
tion process is extended beyond the classical model: optimizing the economic parameters. It is well 
accepted that many confl icting aspects should be taken into account, especially those related to the 
concept of sustainability. Therefore, for the transport sector in particular, the demand for sustainable 
development imposes the usage of criteria with non-monetary dimensions in the evaluation process, 
such as the environmental effects. It is notable that the environmental performance of the transport 
sector has been the subject of many recent studies [2]. These studies tend to concentrate on the vari-
ous aspects of the environment, such as the energy use and the emissions of the vehicles. Additionally, 
sustainability in the transport sector requires explicit decisions and evaluation processes. The evalu-
ation process of transport projects is in general characterized by confl icting objectives, quantitative 
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and qualitative criteria, uncertainty with respect to the decision parameters, irreversible processes, 
the existence of several stakeholders with different preferences, high risk and urgency. All these fac-
tors increase the complexity of the evaluation process. The more complex the problem of transport 
evaluation is, the greater the need for a methodological tool that allows for compromises instead of 
searching for solutions that optimize a single criterion. This leads to the necessity for an approach 
that uses all the criteria.

Multi-criteria analysis (MCA) is an approach that takes into account a set of objectives and crite-
ria that can be confl icting, multi-dimensional, incommensurable and incomparable. The information 
concerning the effects of the decision options can be both uncertain and non-quantitative. As the 
decisions in the fi eld of sustainable development are often of this nature, MCA may be considered a 
useful decision aid tool. In that respect, the scope of this article is to present the role of MCA tech-
niques in the evaluation process of transport projects and also to indicate their importance to satisfy 
the overall target of sustainability. The article includes a presentation of the existing MCA tech-
niques. It is established that a great number of techniques has been developed to deal with different 
transport evaluation problems. The article does not report all the existing techniques, but the most 
commonly used in the transport sector.

Within the framework of the article, case studies concerning the use of MCA in the evaluation 
process of transport projects are presented based on literature review. The applications that are asso-
ciated with transport evaluation problems on a global scale justify the usage of MCA and provide 
examples of the integration of the different dimensions and perspectives of sustainability in the deci-
sion process. The existing MCA techniques are not always suffi cient for all the transport-related 
problems. Therefore, the selection of the most appropriate MCA technique itself tends to be a multi-
criteria problem. In that respect, it was considered necessary to perform a comparative evaluation of 
MCA techniques, which is also presented in the article.

It should also be pointed out that the article is an extensive review of existing contributions pub-
lished on the topic of MCA. It embodies all the information gathered about the methodology of 
MCA in the evaluation of transportation projects, in particular. Based on the review of the literature, 
a comparative evaluation of MCA techniques is performed. In that respect, the article aims to offer 
guidelines about the selection of the appropriate technique and to convince the reader that the appli-
cation serves the global target of sustainability. It is considered that the article satisfi es both the 
targets.

2 EVALUATION OF TRANSPORT PROJECTS AND THE ROLE OF MCA

2.1 Evaluation of transportation projects

The evaluation of a transport project has two basic targets: (a) to justify its necessity or the invest-
ment needed and (b) to compare two or more alternatives of the transport project, taking into account 
various criteria and also the views and preferences of the users and the decision makers. The basic 
steps for the evaluation of a transport project include: the socio-economic cost benefi t analysis 
(CBA), MCA and fi nancial analysis. Both CBA and MCA concern the feasibility of the project. 
They examine the impacts on the society, the users of the transport infrastructure, etc. The basic dif-
ference between them is that CBA focuses on the monetary dimension of the impacts for the 
lifecycle of the project, while MCA pays attention to other non-monetary impacts. In that respect, it 
accomplishes a global evaluation of the project and contributes to the sustainable development of the 
transport sector. The fi nancial analysis is generally performed from the private sector point of view 
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and concentrates only upon the revenues and the expenses related to the transport project for the 
operation period under discussion.

2.2 The role of MCA in the evaluation of a transport project

2.2.1 Scope and benefi ts of MCA
Sustainable development can be defi ned as the transformation process which takes into account 
environmental as well as social and economic objectives [2]. On the other hand, the choice process 
of a transport project against the background of the concept of sustainability should be based on a 
broad set of criteria that allows the simultaneous consideration of the project’s impacts from differ-
ent and contradictory viewpoints, notably economic, social and environmental. The MCA approach 
seeks to take explicit account of all the confl icting criteria and contradictory views. Additionally, it 
assists the decision makers to learn about the transport evaluation problem in question. The principal 
objective is to guide the decision makers in identifying, often through extensive discussion, the pre-
ferred course of action (through organization, synthesis and appropriate presentation of 
information).

In the decision aid theory, the main assumption embodied is that the decision makers are rational 
and prefer the solutions that maximize their welfare. In transportation projects there are multiple 
objectives to fulfi l, and consequently disagreements frequently appear among the different parts 
about the scope of the project or the procedure to be followed. The actors participating in the process 
often disagree on the objectives or the relative importance of the criteria. Disagreements tend to 
appear in the data processing or the analytical tools to be used. Past experience reveals that the con-
fl icting views complicate the process and tend to increase the total required time [3]. The benefi t of 
applying MCA is that it provides a framework that allows the often confl icting and contradictory 
views to be addressed simultaneously, in a fully transparent way. In that respect, MCA leads to 
better-considered, justifi able, explainable and transparent decisions. Complex interactions and mul-
tiple objectives make the process more complicated and increase the analytical endeavour. The 
demand for sustainability requires the establishment of a systematic and transparent process with 
interactions between analysts and decision makers on a fi rst level and between decision makers and 
social groups on a second level. In MCA, the choice of the objectives and criteria that any decision-
making group may suggest are open to analysis. In that respect, the concept of sustainability, which 
is translated to the understanding and the incorporation of the environmental perspective of the 
project, is feasible.

Additionally, the use of MCA helps to organize, manage and in many ways simplify the immense 
amount of technical information, which is often available. This benefi t is of enormous importance, 
since nowadays, even in developed countries, analysts have to deal with a great volume of environ-
mental data. Sometimes the relevant data may not be available or may be too expensive to collect. 
Diffi culties often appear in management and analysis of these data. MCA and the software devel-
oped facilitate this process.

Another benefi t of the procedure is that the process can be fully controlled. Scores and weights are 
given based on established techniques. In particular, the performance measurement of the alterna-
tives against the environmental criteria can be given according to environmental experts. The values 
may also be cross-referenced to other sources of information and the possibility for modifi cations at 
a further stage is given if it is felt that the concept of the sustainability is not served.

From what is mentioned above, one can reach to the conclusion that MCA is a suitable means to 
analyse the environmental impacts and other non-economic parameters of a given transport project 
and facilitate the process of sustainable development.
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2.2.2 Drawbacks of MCA
The methodology of MCA is of immense importance for the sustainable development of the trans-
port sector as discussed in the previous parts of this article. Nevertheless, the review of the literature 
revealed that MCA may present some drawbacks. Hence, the special analyst should be aware of the 
potential disadvantages so that the outcome of the analysis is to serve the scope of sustainability. In 
that respect, the object of this part of the article is to present the disadvantages of the methodology 
of MCA that were reported.

The process of transforming qualitative data into quantitative data may be a strong disadvantage 
of MCA. The review of the applications of the methodology indicated that there is not a certain way 
to deal with qualitative data [4]. On the contrary, a great deal of different techniques was developed 
to deal with this particular problem of transforming qualitative data into quantitative data in the deci-
sion process as further discussed in the following parts of this article. Although most of these 
techniques offer an adequate framework to treat jointly the qualitative and the quantitative informa-
tion and cope with different problems of evaluation, the analyst in many cases follows a procedure 
or a technique that he is familiar with, which is not necessarily the most appropriate for the evalua-
tion problem in question. On the other hand, transforming qualitative data into quantitative data is 
debatable and many researchers would express strong disagreements against the outcomes of the 
process [5]. It should also be pointed out that the presence of many different techniques is partly a 
consequence of that specifi c disadvantage of the methodology in question [6]. The different tech-
niques tend to treat the problem of transformation in a different way and therefore they address 
different decision-aid problems.

Furthermore, the diverse MCA techniques do not always lead to the same results. If the applica-
tion of different techniques to a certain evaluation problem produces large discrepancies, then this 
may increase the analytical endeavour and impose a greater deal of diffi culty to the process of iden-
tifying the best or the most appropriate alternative to satisfy the target of sustainability [7]. In 
practice, some analysts and practitioners are incapable of justifying clearly their choice of one MCA 
technique rather than another one. A sort of familiarity and affi nity with a specifi c method may moti-
vate this choice. The problem is that this behaviour is translated in practice by adapting the evaluation 
problem to the technique and not the opposite, which is a non-productive attitude. It is important to 
know how to use and apply a certain technique, but this is not adequate to apprehend all the transport 
assessment issues and furthermore this is not suffi cient to satisfy the goal of sustainability.

Additionally, another drawback of the methodology is related to the possibility of handling the 
different types of uncertainties arising in the decision process in an adequate way. The alternatives 
considered and the criteria used impose a certain deal of uncertainty upon the evaluation process. To 
achieve the global goal of sustainability, it is necessary to acknowledge in a MCA the subjectivity 
and uncertainty in the selection process of alternatives, criteria and criteria weights to transparently 
model the assessment process [8]. Furthermore, the modelling of the decision-makers’ preferences 
is a crucial part in the decision-aid process. Consequently, special emphasis should be placed on 
handling the uncertainties associated with these preferential parameters. However, the uncertainties 
that may arise in a MCA are often underestimated [9]. The occurring uncertainties can be classifi ed 
in many different ways. Researchers have suggested a distinction between ‘data uncertainties’, 
‘parameter uncertainties’ and ‘model uncertainties’ [10]. The term ‘data uncertainties’ suggests the 
uncertainties of the input data to a model. ‘Parameter uncertainties’ refer to model parameters, such 
as the weighting factors of a MCA model. Finally, ‘model uncertainties’ are the uncertainties that 
arise from the fact that models are ultimately only simplifi cations and approximations of reality. The 
different types of uncertainty that may arise at the evaluation procedure may explain the great deal 
of different techniques, which is partly a consequence of this characteristic of MCA.
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It is also notable that the simplifi cations of the problem, to make it understandable for all the per-
sons involved in the process, reduce the complexity on one hand but, on the other hand, cause loss 
of important information. Consequently, attention should be given to the outcomes of the analysis to 
refl ect the real nature of the problem and satisfy the concept of sustainable development.

Another characteristic of the methodology that may be considered as a drawback is that the out-
come of the analysis highly depends on the selected weights of the criteria used. The weighted 
factors reveal the relative importance of the chosen criteria and the goal(s) of the evaluation study. 
For instance, giving a higher weight to environmental criteria and a lower weight to economic crite-
ria suggests that the goal of the project in question is the protection of the environment and less 
attention is given to the economic effects. In practice, there is always the danger that the analyst 
might oversimplify the problem and use a set of fi xed criteria weights independent of a certain goal 
of the project in question or adopt criteria weights that were used in other evaluation studies without 
applying certain technique to defi ne the weights. Similar transport projects may have different goals 
and therefore the use of equal factors may lead to results that do not satisfy the scope of the analysis. 
Additionally, it is important to remember that a slight modifi cation of the weights of the criteria used 
may alter the outcome of the analysis.

Additionally, the application of the methodology in question to certain evaluation problems may 
provide indistinguishable results when comparing or ranking the different alternatives. For instance, 
an alternative with a single strong performance in a selected criterion and weak performances in 
other criteria would score the same as another alternative which has all partial effects in a medium 
performance [11].

Furthermore, the possible presence of cycles or the rank reversal phenomenon is another strong 
disadvantage of MCA. For instance, applications of the methodology to evaluation problems indi-
cated that an alternative a is preferred to b, b is preferred to c, but c is preferred to a [5]. Additionally, 
a similar problem was highlighted for analytic hierarchy process, where the introduction of a new 
alternative modifi ed the ranking of the other alternatives [12].

It can be concluded that the methodology of MCA presents certain drawbacks. Hence, the special 
analysts should be always aware of the possible problems that may arise and of the fact that environ-
mental concepts vary on which variables are important and which are not. Additionally, the analysts 
should lay special emphasis on the treatment of uncertainties and the procedure of transforming 
qualitative data into quantitative data.

2.2.3 The history of MCA
From the fi rst steps of humanity, decision-making was a multi-dimensional process as many factors 
(criteria) needed to be taken into account. The process did not have a mathematical expression and 
it was only facilitated from the decision-makers’ experience and the special needs of the problem in 
question.

The history of MCA as a methodological approach started in the 18th century when Condorcet 
published his book about decision-making by a plurality of voices. In 1896, Pareto’s study 
‘Cours d’Economie Politique’ set the fundamental bases for further theoretical development of the 
methodology. The study introduces the term effi ciency, which is considered to be of immense 
importance nowadays for the evaluation of transport projects.

The publication of von Neumann-Morgenstern’s book about game theory in 1944, the introduc-
tion of the social choice theory by Arrow [4], the theory of revealed preferences that was presented 
in 1938 by Samuelson [13] and the psycho-mathematical aspects of the individual decision by Luce 
and Raiffa in 1957 [14] and Fishburn in 1970 [15] had signifi cant infl uence on the theoretical base 
of the methodology.
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An important turning point was signalled by Roy in 1968 [16] when he presented the outranking 
technique ELECTRE, which is the fi rst of a sequence of techniques that express the French school 
of theory in MCA and is widely used nowadays for the sustainable evaluation of transport projects 
on a worldwide scale.

In the 1960s, MCA began to emerge with its own vocabulary and problem formulation and the 
fi rst applications started to appear. In 1972, the fi rst congress on ‘Multiple Criteria Decision Making’ 
took place in South Carolina. It should be reported that until then the dominant approach in the 
evaluation was the search of an optimal choice that maximized an economic function. Therefore, the 
introduction of MCA in case studies was not obvious and was quite diffi cult to be accepted from all 
parts.

In 1976, Simon presented his theory about bounded rationality [17]. The theory states that a deci-
sion maker chooses a satisfying solution rather than an optimal one. In 1976, Keeney and Raiffa 
broadened the utility theory in the presence of multiple criteria [18].

Many researchers would suggest that the most important time point in the history of MCA in 
the evaluation of transport projects was in 1980 when Saaty presented the analytical hierarchical 
process [19]. This technique is most widely used in transport evaluation and highly supports the 
concept of sustainable development.

In the late 1980s, a large number of techniques were developed and the number keeps increasing, 
as there are different types of problems that cannot be addressed by the existing techniques. By that 
period, MCA techniques gained a worldwide reputation and are nowadays promoted by different 
societies. On the other hand, the development of user-friendly software increased the methodology’s 
attractiveness in the evaluation of transport projects.

2.2.4 Approaches in MCA
Generally speaking, there are two basic approaches for the process of MCA. The two groups of 
philosophies that may be distinguished are the ‘Platonic’ and the ‘Aristotelic’ approach [3]. The 
basic difference is associated with the desirable outcome of the evaluation study. Both philosophies 
can fulfi l the concept of sustainability. Which philosophy is to be applied highly depends on the 
actors of the MCA and the expected result of the evaluation.

The Platonic approach suggests that there is a ‘best’ alternative – decision. This philosophy 
assumes that a well-established evaluation system is offered to the decision maker so that he or she 
has the potentiality to fully rank any set of events. It is suggested that the process, which ends in a 
majority vote for each alternative, should settle any dispute between the decision makers.

On the other hand, the Aristotelic approach tends to eliminate the feasible choices into those that 
are less satisfactory. The main assumption is that in the real-world transport evaluation problems 
there is no ‘best’ solution, because many contradictory views should be embodied and the complete 
satisfaction of all confl icting parts cannot be accomplished. Therefore, the basic idea of the philoso-
phy is to identify a solution that eliminates strong oppositions among the decision makers. A 
complete ranking of the alternatives is not required. This approach aims at constructing a formal 
system, which can be a useful tool in the transport evaluation process, to understand, specify and 
model one’s preferences in order to increase the coherence of the process itself.

2.2.5 Stages in MCA
Regardless of the transport project that is evaluated and the technique that is applied, there is a cer-
tain course of actions that should be followed to perform an MCA. This part of the article presents, 
in short, the stages that need to be carried out to apply the methodology of MCA in the evaluation of 
a transport problem.
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The fi rst and immensely important stage is to clearly defi ne the problem in question. In this stage, 
the aims of the transport project are determined and the connection with the concept of sustainability 
is given. In this step, the assumptions of the study are clearly stated. The identifi cation of the actors 
of the analysis, people who take part at the process of the decision-making, should be performed. 
Environment specialists should defi nitely take part in the process as their knowledge and experience 
can be further used to translate the specifi c environmental data of the project in question into valu-
able information and facilitate the analysis.

The second stage of the analysis is to defi ne and list the set of options to be considered. This proc-
ess is not obvious as, theoretically, there is a great number of alternatives that could be considered 
as acceptable. The reduction of the number of options for further consideration to a smaller number 
of alternatives is always desirable at this phase of the analysis. This stage is highly infl uenced by the 
knowledge and the experience of the special analyst in similar projects, or even by his intuition. 
Legal and other restrictions should be taken into account. Some researchers would suggest that iden-
tifying the alternatives means to organize the ensemble of what is feasible, regardless of the 
consequences, but this is not always the case. The process should propose the solutions that fulfi l the 
concept of sustainability. Therefore, it is advised that the solutions that have harmful environmental 
impacts should be excluded at this stage of the analysis. It should be noted that subsequent steps of 
the MCA may demonstrate that none of the alternatives is acceptable or in accordance with the idea 
of sustainability. Therefore, the possibility of adding or modifying the options as the analysis 
progresses should be kept in mind.

The next stage of the analysis is the selection of the criteria according to which the evaluation of 
the transport project may be performed. The identifi cation of the criteria may be performed by the 
predefi nition of what would distinguish a sustainable solution from a non-sustainable solution. The 
relative advantage of the MCA methodology is that it can embody criteria related to the concept of 
sustainability. Consequently, the environmental impacts should be used as criteria from the special 
analyst. Some of the criteria could be the safety level, noise, air or water pollution, energy consump-
tion, aesthetics, impacts on fl ora, impacts on fauna, etc. [20]. This stage is also supported by the 
views and interests of the decision makers. Additionally, the chosen criteria should obey certain 
rules. In short, the criteria should be complete, operational, redundant, consistent and mutually inde-
pendent. The number of the chosen criteria should serve the scope of the analysis. An excessive 
number does not necessarily lead to improved outcomes, but always adds analytical effort and 
increases the total cost [21].

The structure of the performance matrix is the next step. The performance matrix is a matrix that 
presents the performance of each alternative against the chosen criteria. Although the performance 
may be given in many different formats, the use of numerical values, usually between 0 and 100, is 
suggested.

The selection of the weights is the next step. The weighted factors reveal the relative importance 
of the chosen criteria. These factors express the decision-makers’ preferences. One should keep in 
mind that environmental concepts vary depending on which variables are important and which are 
not important. Consequently, a very important issue that needs to be pointed here is that the way 
questions are asked about individuals’ preferences proves to be very imported. In other words, a 
well-designed questionnaire should be prepared. Although there are many techniques developed for 
the defi nition of weights, the most commonly used is the pairwise comparison. To achieve the goal 
of sustainability, the weights given to criteria that express the environmental impacts of the transport 
project should be relatively high, i.e. translated into the approval of projects that satisfy the global 
demand for sustainable development and into the rejection of projects that tend to have harmful 
effects on the environment.
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The next stage involves the determination and application of an amalgamation rule. This rule trans-
lates the previous values given into a single overall weighted score or ranking for the available options. 
This generally requires the application of a model associated with the MCA technique chosen.

Finally, it is always advisable to conduct a sensitivity analysis to examine how vulnerable the 
outcome of the MCA is to changes of certain parameters or variables. The sensitivity analysis is 
necessary to deal with uncertainty that is inevitably embodied in the available data. It is noted that if 
the changes do not affect the outcome, this can be a strong indication that the proposed solution or 
set of solutions serve the concept of sustainability.

3 MCA TECHNIQUES
In the last decades, a large number of MCA techniques have been proposed to facilitate the decision 
aid process. The number of techniques is constantly increasing due to many reasons. An important 
reason is that there are many types of decision aid problems and each transport evaluation problem 
should be considered as an individual one with its specifi c goals, assumptions and limitations.

Some of the techniques surveyed have been applied to the evaluation of transport projects on a 
global scale. This part of the article reports the most commonly used MCA techniques. It should be 
stated that it is practically impossible to survey all the different MCA techniques and this is beyond 
the purpose of this article. It is considered that the number of techniques presented here satisfi es the 
scope of the article.

Pardalos proposed a grouping of MCA techniques that considers not only the models developed 
but also the way the models are developed [22]. Starting from this grouping a modifi ed categoriza-
tion is suggested. In this article, the analytical hierarchy process is presented separately as it is 
considered to be the most widely used MCA technique in the evaluation of transport projects that 
contributes to the target of sustainable development.

3.1 The analytical hierarchy process

The analytical hierarchy process (AHP) was developed by Saaty in 1980 [19] and is considered by 
many practitioners and researchers to be the most suitable technique to accomplish the concept of 
sustainability. Due to its transparency and valuable mathematic structure, the technique has an 
important practical value. Additionally, the development of user-friendly software, such as Expert 
Choice and Hipre 3+, increases the attractiveness of AHP.

The technique suggests a hierarchical structure of the problem into levels. The pairwise compari-
son both for the criteria and for the performances of the alternatives against the criteria is also 
suggested. AHP proposes a linear additive model that estimates the total score of each choice. In that 
respect the full ranking of the alternatives is accomplished.

A benefi t of AHP is the possibility to express qualitative and quantitative performances in a trans-
parent way and the possibility of expression of more than one decision makers for the process. In 
that respect, the use of the environmental consequences of the transport project in question is feasi-
ble in a clear and explicit way. The possibility to embody confl icting views is of immense importance 
as there is a great deal of subjectivity in environmental issues and personal views may vary on the 
environmental concepts. Additionally, most users fi nd the pairwise comparison form of data input 
straightforward and convenient, which in turn explains the extensive application for the evaluation 
of transport projects.

On the other hand, the technique presents some important drawbacks, such as the rank reversal 
phenomenon [12] and the absence of thresholds. The thresholds, in particular, ensure that the 
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proposed alternative achieves a minimum level of performance at the used criteria. For instance, 
the use of a threshold may ensure that the proposed transport project causes the minimum of envi-
ronmental effects. Therefore, modifi cations of the technique are suggested to deal with such 
problems [23–25].

3.2 The outranking techniques

The outranking concept was fi rst introduced by Roy in 1968 when he presented the ELECTRE 
technique [16]. Since then, a large number of outranking techniques have been developed and many 
have been applied in transport projects, especially in Europe.

This group of techniques performs a pairwise comparison between every pair of alternatives. The 
basic principle of the outranking techniques is that choice A outranks choice B if there is enough 
evidence, according to the decision-makers’ views, that A is at least as good as B, while there is no 
overwhelming reason to refute the statement.

Typically, the procedure is developed in two stages. In the fi rst stage, the outranking techniques 
use an outranking relation between the alternatives. The suggested relation is the mathematic formu-
lation of the preferences of the decision makers. The relation demands the predefi nition of certain 
parameters, the preference, the indifference and the veto thresholds. In the second stage, the relation 
is exploited and the introduction of certain mathematic rules helps the analyst to arrive at a 
con clusion. The outranking relation has the drawback that it cannot always guarantee the complete 
ranking of the alternatives. Another drawback is the possibility of ‘circles’ in the ranking. That 
means that if choice A is as preferable as choice B and choice B is as preferable as choice C that does 
not necessarily entail that choice A is as preferable as choice C [5].

Some of the most commonly used techniques are: ELECTRE I, ELECTRE II [26], ELECTRE III, 
ELECTRE IV, PROMETHEE I-II [27], Condorcet, N-TOMIC [28], PROAFTN [29], ORESTE [30], 
Regime Analysis [31], SIR [32], TOPSIS [33] and VICOR [34].

3.3 Techniques based on the utility theory

This group of techniques uses the utility theory to reach a conclusion. The general process includes 
the defi nition of a utility function for each criterion. This function translates the performance of 
each alternative against the criterion in question in a single value. The weighted sum of those values 
is the total score, the overall utility, for each alternative. The higher the score the most preferable is 
the alternative.

The benefi t of these techniques is that they allow the modelling of the non-linear behaviour of the 
decision-makers’ preferences. Additionally, the use of qualitative criteria does not require their direct 
quantifi cation.

The defi nition of the utility function is a hard process based on the cooperation of the decision 
maker with the special analyst. For the explicit defi nition, a great amount of information is required 
related to the preferences and interests of the decision maker. This is a disadvantage of those tech-
niques, as most decision makers do not wish to fully reveal their personal system of views. A special 
survey is required which means that the total cost of the analysis increases. Some of the well-known 
techniques are: UTA [30, 35], IDRA [36], SMART and SMARTER.

3.4 Multi-objective mathematical programming

An alternative approach to MCA problems involves the optimization of many objective functions by 
the use of mathematical programming. It is suggested that there is no optimum solution but only an 
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alternative that satisfi es the limitations defi ned and maximizes or minimizes at the same time the 
objective functions in question. The search of the solution is limited to the set of the feasible solu-
tions, which is called the effi cient set.

The procedures developed may be interactive or iterative. Initially a solution is presented to the 
decision maker as a result of the previous procedure. If he or she is satisfi ed then the process is 
complete. If not, additional information is required related to the predefi ned targets. Some important 
techniques are: DEA [37], the constrained technique and the surrogate tradeoff technique [38].

3.5 Techniques dealing with imprecision and inconsistency of data

In many types of real-world decision-making problems, the scores of the alternatives against the 
selected criteria or the numbers that express the weight of the criteria cannot be handled as exact 
numbers. This is often the case for problems having their real outcomes in the future, such as 
environmental decision problems. The use of accurate values would oversimplify the problem.

In the evaluation process of a transport project, in particular, the need to deal with the presence of 
inconsistent or imprecise data is a common issue. This information needs to be interpreted and 
expressed quantitatively, a task usually not easy for the special analyst to fulfi ll. This imprecision is 
sometimes treated as a probability, where a stochastic approach is applicable. However, this does not 
always yield the desirable results. Therefore, several alternative approaches have been proposed to 
deal with the problem and the relevant techniques can be applied with more or less success depend-
ing on the specifi c problem in question.

An interesting modifi cation of the PROMETHEE technique is the F-PROMETHEE technique [39], 
which suggests the introduction of the fuzzy set theory, presented by Zadeh in 1965 [40]. Another 
approach is the SMAA technique [41], which can be useful in the evaluation of the environmental 
effects of a transport project. The rough set theory [42] may also be a way to deal with problems in the 
presence of inconsistent data.

It should be stated that applications of the fuzzy set theory in the evaluation of transport projects 
are limited due to the strong oppositions developed. A large segment of the MCA community would 
claim that there is lack of convincing arguments that the imprecision captured through fuzzy sets and 
the mathematic formulas developed are a reliable approach to the problem [5, 21].

3.6 Other techniques

In the literature, one can fi nd other suggested approaches to deal with the problem of the evaluation 
of a transport project. Some interesting techniques that could not be placed in one of the previous 
categories are: SAW, WP, the fl ag model, QUALIFLEX [43], EVAMIX [44], BORDA and the mini-
mum tolerance technique [45].

4 CASE STUDIES
The objective of this part of the article is to present some characteristic applications of the MCA 
methodology to the evaluation of transport projects. The case studies are based on the applications 
of the techniques discussed in the preceding section. However, this part of the article is not a simple 
report of the case studies. All the applications clearly emphasize the contribution of the MCA meth-
odology to the sustainable development.

In that way, the reader may be convinced that the methodology in question accomplishes the goal 
of sustainability in real-world problems. Additionally, it can be stated that the presentation of the 
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applications is a useful tool for the analyst seeking to evaluate a potential transport project, having 
sustainable development always as a target. On the other hand, by focusing on real cases the speci-
fi cations and the limitations of transport projects evaluation were examined.

The presented case studies are associated with all transport systems. Some of them deal with 
infrastructure while some others with the operation of the system.

4.1 Applications of the MCA methodology to urban and public transportation

A great number of applications in the literature deal with the sustainable development of the urban 
transport system. It is well accepted that the evaluation of these projects should include all the 
potential consequences, monetary and non-monetary. The sustainable development of public 
transport in particular is considered of enormous importance as it satisfi es the democratic right for 
transport.

An interesting case study presents an empirical procedure for the selection of alternative options 
for environmentally sustainable transport system in Delhi [46]. It was considered that to achieve an 
environmentally sustainable transport system, it is essential to rank the feasible options using the 
methodology of MCA, which was based on quantitative and qualitative criteria. The complete rank-
ing of the four alternatives was accomplished using the AHP technique.

Another article presents a geographical information system (GIS) for the analysis and the evalua-
tion of different transport policies [47]. This system is an effective tool that assisted transport 
administrators to enhance the effi ciency of the transportation supply while improving environmental 
and energy indicators. The use of tool is demonstrated through a case study on the Greater Athens 
area in Greece.

The transit study performed in Singapore searched for the best alternative using MCA [48]. The 
principle aim was through an explicit process to decide about the potential plans of the transit system 
using eight criteria.

MCA was also used to evaluate the alternative fuel buses for public transportation in Taiwan [49]. 
It was considered that the results of the analysis could be further used to improve the environmental 
quality of major cities.

An empirical application on the planning of public transport systems for the city of Nijmegen in the 
Netherlands from an environmental perspective can also be found in the literature [50]. MCA was 
performed in combination with CBA to facilitate the process of sustainable development. The study 
offers a framework to integrate ordinal and cardinal information in multi-criteria ranking with imper-
fect compensation. The case study indicated that the fi nal ranking of the alternatives depends on the 
elasticity of substitution between criteria; even in the situation that one criterion dominates all others.

Another article sets out the results of the studies for a proposal in Southeast London known as 
Greenwich Waterfront Transit [51]. The studies have established and evaluated options for the sus-
tainable development of the public transportation system. The methodology of MCA was used 
according to the British Government’s 1998 White Paper on Transport which lays particular empha-
sis on the fi ve strategic objectives of the government’s transport policy – environment, safety, 
economy, accessibility and integration.

An interesting case study is the one dealing with the evaluation of the rail transit network in 
Istanbul [52]. The process was imposed by the defi ciencies observed in Istanbul’s transportation 
system that necessitate the establishment of a sustainable transport system. MCA facilitated the 
procedure by organizing perceptions, experiences, knowledge, judgments and the forces that infl u-
ence the decision in general into a hierarchical framework with an explicit goal, defi ned scenarios, 
well-accepted criteria and a fully justifi ed choice of technique.
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The methodology of MCA was also applied in the optimization of the urban transportation system 
in European cities. The city of Poznan in Poland [53] and the city of Florence in Italy [54] are typical 
examples.

The evaluation of the performance of bus companies in Taiwan using an effective fuzzy MCA [55] 
is another application of the methodology in question. The subjectiveness and imprecision of the 
process were modelled as fuzzy numbers by means of linguistic terms. The underlying concept is 
intelligible to the decision maker and the computations required were simple and straightforward.

The Transecon research project lays particular emphasis upon the direct and indirect effects and 
impacts of transport infrastructure investments in 13 European cities [56, 57]. It includes the devel-
opment of a methodology driven by a multi-disciplinary perspective to justify their contribution to 
sustainable mobility and intermodality.

4.2 Applications of the MCA methodology to road transport

The road transport sector has been overdeveloped in the past decades. This oversized development 
causes many harmful effects upon the environment. On the other hand, only few people would dispute 
the assertion that road transport affects our life enormously. Therefore, in many cases the special ana-
lysts seek to evaluate the projects on a multi-dimensional scale as a tool to promote sustainability.

A study examines the environmental impacts and costs of transport initiatives in Greece [58]. In 
particular, the case study deals with the appraisal of alternative road schemes in Agios Konstantinos-
Kamena Vourla area for the PATHE motorway project. The framework developed comprises four 
steps: structuring weighting, rating and exploring. The MCA model uses an additive function pro-
viding simplicity and intuitive understanding of the results. Uncertainty is treated through fuzzy sets 
or through sensitivity analysis. The relative advantage of the evaluation model developed is its capa-
bility to look into different geographical areas with a different perspective and examine different 
time horizons of the environmental impacts.

Another case study, also performed in Greece, presents a fuzzy multi-criteria evaluation system 
for the assessment of tunnels vis-à-vis surface roads. The suggested evaluation model was applied to 
the western peripheral motorway of Athens [59]. The fuzzy hierarchical analysis was applied as a 
suitable means to deal with the high uncertainty of the evaluation environment.

Another article describes a research on the socio-economic and environmental impacts of advanced 
convoy driving on the motorway in the UK [60]. MCA was used in combination with CBA to deal 
with data that could not be expressed in monetary units.

MCA was also used in combination with the development of a GIS to evaluate the safety level 
along transportation corridors on the Hopi reservation in Arizona [61]. Additionally, a GIS multi-
criteria corridor evaluation methodology that facilitated the choice of a route corridor for a section 
of a proposed interstate highway connector in southeastern US may be found in the literature [62].

4.3 Applications of the MCA methodology to sea transport

A real case study dealing with the comparison of transport scenarios concerning the sustainable 
establishment of the maritime traffi c policy in Greece can be found in the literature [63]. A detailed 
description of the MCA evaluation model is presented in the article, which enabled the analysts to 
take into account the multiple dimensions and points of view of the large group of actors involved. 
The key characteristic of the model was its fl exibility to use different aggregation procedures along 
the nodes of the hierarchy of evaluation criteria.
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An approach to natural resource management that incorporates multiple objectives for marine 
protected area management is another interesting article [64]. The approach uses a framework based 
on MCA and involves stakeholders at all stages.

4.4 Applications of the MCA methodology to air transport

An interesting application developed a multi-criteria decision support methodology for evaluating 
airport expansion plans in Netherlands [65]. The aim of the study was to identify the best possible 
ranking of the four alternatives with respect to a predefi ned set of critical threshold values. The 
use of thresholds was related to a normative view of the concept of sustainability. More attention 
is paid to the question of how sustainability can be identifi ed as a normative orientation for policy. 
In that respect, it was ensured that the chosen alternative achieves a minimum performance against 
all the environmental criteria and consequently that the suggested solution is generally the most 
sustainable.

4.5 Applications of the MCA methodology to freight transport

The freight transport sector affects the environment on a large scale, in terms of pollution and energy 
consumption. Therefore, the adoption of MCA is, in most cases, necessary to achieve the global goal 
of sustainability.

The optimal location of intermodal terminals in Europe is discussed in the EMOLITE project. 
One of the basic targets was to minimize the potential negative effects on the environment as a con-
sequence of the expected increase of freight transport. To rank the suggested terminals, according to 
those targets, the decision support system used MCA that includes a simulation module using fuzzy 
logic.

4.6  Applications of the MCA methodology to the implementation of intelligent transportation 
systems (ITS)

The literature review revealed that the methodology of MCA is introduced many times to facilitate 
the implementation of ITS.

A study presents an MCA for the evaluation of alternative ITS in Oakland County [66]. MCA was 
used to compromise the often-competing preferences of the various groups sharing intense interests 
in transportation planning options, in general, and in ITS policy, in particular. Environmentalists 
joined the evaluation process and the analysis took into consideration auto emissions as an important 
criterion.

Another article provides a framework to evaluate the congestion pricing technologies using the 
methodology of MCA [67]. The technologies were evaluated under different conditions and the 
relevant data were obtained from demonstration projects in Europe.

Another study developed a typology to rank European inter-urban road corridors aimed at tracing 
the effects of advanced transport telematics on constituent road links [68]. The ranking of corridors 
according to the needs of telematics systems was achieved by means of MCA. It was considered that 
the implementation of those systems would contribute to sustainable mobility and that therefore 
individual treatment should be given to each road segment.

Finally, another article attempts to assess the various ITS technologies using the multi-criteria 
methodology [69].
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4.7 Other case studies

An interesting application compares the various Dutch passenger transportation systems by studying 
their life cycle energy use [2]. The analysis facilitates the comparison of different transport modes 
from an environmental perspective, keeping in mind that modes are not always interchangeable.

The Regional Balkans Infrastructure Study (REBIS) focused on the sustainable development of a 
multi-modal Core Transport Network for the Balkan region [70]. The investments required to 
improve and develop the network both in the short and long term have been developed through a 
number of stages including a comprehensive MCA.

The Transport Infrastructure Regional Study (TIRS) in the Balkans also used the methodology of 
MCA [71]. The reasons were the preliminary level of defi nition of most projects, the lack of precise 
information, the imperfect knowledge of transport-demand perspectives, the large array in types of 
projects and the specifi c objectives of TIRS. The procedure was based on the ELECTRE technique.

A very interesting case study evaluates three high-speed transport systems in Europe, high-speed 
rail, transrapid MAGLEV and air passenger transport [72]. The principal aim of the study was 
through a MCA to emphasize both the complexity and the sensitivity of the procedure and to indi-
cate which system might be preferable and under which circumstances. Therefore operational, 
socio-economic and environmental criteria were adopted and the TOPSIS technique was used to 
indicate the most preferable option.

5 COMPARATIVE EVALUATION OF MCA TECHNIQUES
This section of the article is devoted to the comparative evaluation of the most commonly used tech-
niques of the MCA methodology. It is based on the results of an extensive comparative evaluation 
study [73].

The suggestion that each technique is suitable for all transport evaluation problems is a rather 
erroneous one. The study of the different MCA techniques reveals that despite the development of a 
large number of techniques, none of them can be considered as the optimum technique that is suit-
able to all transport evaluation problems. Each technique has its assumptions and hypotheses that 
limit its selection when someone deals with a given problem. Therefore, guidelines to choose each 
time the most appropriate technique are considered to be of immense importance. In that respect, the 
process of choosing the appropriate technique for a given transport project is highly supported and 
the goal of the sustainable development of the transport system can be accomplished. The informa-
tion given here should be interpreted as guidelines that can be combinated with the experience and 
the knowledge of the transport planner, the designer of the MCA or the special analyst.

In practice, the choice is motivated by a sort of familiarity and affi nity with the technique in 
question. The transport evaluation problem is adapted to the technique, while the opposite should 
take place. In other cases, analysts tend to use software without understanding the procedure. In 
that way the needs of the project are adjusted to the technique, while the technique should 
be adjusted to certain characteristics of the project. Hence, the problem is how to select the appro-
priate technique and furthermore the technique which contributes to the goal of sustainability. 
MCA analysts tend to use a technique that is familiar.

The selection of the technique is itself a multi-criteria problem, as there are many factors (criteria) 
that may be adopted to choose the most suitable one for a given transport project. Internal consistency 
and logical soundness, transparency, ease of use, data requirements, time and manpower resource 
requirements for the analysis process, ability to provide an audit trail and software availability are, in 
short, some criteria that may be used for the selection of the most appropriate technique.
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Table 1: Comparative evaluation of multi-criteria analysis techniques.

Techniques Advantages Disadvantages
Characteristic 
applications

AHP •  Hierarchical structure of the 
evaluation problem into 
levels

•  Complete ranking of the 
alternatives

•  Availability of user-friendly 
software

•  Compatible with other 
techniques

•  Flexible, transparent and 
user-friendly

•  Possibility to include views 
of many 

•  Decision makers

•  The 1–9 scale is often 
internally inconsistent

•  The link between the 
1–9 scale and the 
decision-makers’ 
preferences do not have a 
theoretical foundation

•  Rank reversal phenomenon
•  Absence of threshold 

values
 
 
 

[46, 49, 52, 58, 
59, 61, 62, 66]

ELECTRE •  Outranking relation
•  Threshold values 
•  Software availability
 

•  Incomparability among two 
alternatives is possible

•  Diffi culty to understand the 
procedure 

•  Arbitrary defi nition of the 
outranking relation and the 
threshold values 

•  Incomplete ranking of the 
alternatives

[48, 67, 71]

(continued)

The scope of the study is a factor of enormous importance. For example, a different technique 
should be chosen if the scope is the defi nition of the best alternative or the classifi cation of the 
options into categories.

The acceptance of the technique by the decision takers is also an important criterion. Some deci-
sion takers do not wish to fully reveal their personal preferences and views about certain issues. If 
he or she refuses to provide detailed information, then some techniques should be rejected.

Another criterion may be the data requirements and the total cost of application of the technique. 
The total cost should be compatible with the needs of the project in question. The best technique 
should not be more expensive than predefi ned.

The availability of software is also an important factor to consider. Software can save a great deal 
of effort and consequently money, a very important criterion for the professionals.

To deal with the problem of technique selection, Table 1 serves as a useful guide. This summary 
table informs in general the drawbacks and the benefi ts of the presented techniques. The last column 
provides some characteristic applications of the technique in question. In that respect, the reader may 
be further informed about the way a technique was applied to serve the concept of sustainability.
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Table 1: Continued

Techniques Advantages Disadvantages
Characteristic 
applications

PROMETHEE •  Six alternative types of 
preference functions  to 
model the decision-makers’ 
views

•  Geometric representation of 
the results

•  Software availability

•  The selection of the 
preference function cannot 
be fully justifi ed

•  Not fully explicit process
 

[54]

REGIME 
analysis

•  Complete ranking
•  Software availability

•  Absence of threshold 
values

[65, 68]

TOPSIS •  Simple and easy to use
•  Complete ranking

•  The result of the analysis is 
very prone to changes at 
criteria weights

[49, 72]

MAUT •  Complete ranking
•  The personal system of views 

of the decision makers is 
modelled

•  Increased data 
requirements, analytical 
endeavour and total cost, 
especially when many 
decision makers participate 
in the process 

•  The decision makers do not 
feel comfortable to fully 
reveal their personal system 
of preferences

[56, 57, 69]

FLAG model •  It operates as a classifi cation 
procedure or as a 
visualization technique

•  The suggested solution 
achieves the minimum 
accepted performance

•  Three possible 
representations of the results: 
qualitative, quantitative and 
the hybrid approach

•  It is based on the analyst’s 
intuition for the defi nition 
of the critical threshold 
values

•  Incomplete ranking of the 
alternatives 

[65]

6 CONCLUSIONS
The article examines the possibility of the potential application of MCA to the evaluation of trans-
port projects. It was established that the suggested methodology is fl exible, transparent and 
user-friendly. It is fl exible, because it allows modifi cations to take place at any stage of the process; 
transparent, because it provides an explicit ‘audit trail’ justifying all the reasons for preferring one 



 S. Basbas & C.M. Makridakis, Int. J. Sus. Dev. Plann. Vol. 2, No. 4 (2007) 403

choice over another. User-friendliness is a rather subjective attribute, but the applications described 
previously indicate that most practitioners and decision makers tend to feel comfortable using MCA 
to deal with the evaluation of a transportation project.

Additionally, the methodology discussed facilitates the assessment of transport projects from an 
environmental, social and economic perspective. In that respect, it contributes to the global goal of 
sustainability on the one hand and evaluates the problem in a multi-dimensional level on the other 
hand. Therefore, a further use of the MCA methodology is expected for the evaluation of transport 
projects as an alternative to the conventional CBA.

The article also presents, in short, the role of MCA in the evaluation process of transport projects. 
The most commonly used techniques to implement the analysis were also surveyed and included in 
this article. It was observed that a large number of MCA techniques have been developed to facilitate 
the process of sustainable development. Although the different procedures developed may be con-
sidered as a strong point of MCA, it can also be a weakness. More analytical endeavour is necessary 
to choose the appropriate technique to deal with a given evaluation problem.

Therefore, the article presented a comparative evaluation of the techniques. To do so, the examina-
tion of real-world applications was necessary. The examination of the case studies revealed that a 
gap often occurs between scientifi c procedure and business or policy practice. The results of theo-
retical research sometimes cannot be used in practice since the language might be too scientifi c or it 
might be remote from existing reality. It is not always easy to embody the limitations of the real-
world conditions in the evaluation problem.

The study of the applications of the methodology also indicated that there is not only one set of 
fi xed criteria that can be used to serve the concept of sustainability. The case studies revealed that a 
general set of ‘benchmarks’ exists, out of which criteria have to be defi ned according to the situation 
and the framework conditions posed by the specifi c problem in question.

It is notable that the simplifi cation of the problem, to make it understandable for all the persons 
involved in the process, reduces the complexity on the one hand but on the other hand causes loss of 
important information. Consequently, attention should be given to the outcomes of MCA to refl ect 
the real nature of the problem and satisfy the concept of sustainable development.

When one has to choose the appropriate technique without adequate information, the use of the 
analytical hierarchy process is strongly advised. This is due to the fact that in most of the cases 
included in this article this technique was used, which is a strong evidence for the appropriateness of 
the technique to facilitate the process of sustainable development. It is also suggested, when it is 
possible, to use more than one technique. If the results of the different procedures are similar, then 
the analyst may suggest that the proposed solution serves the concept of sustainability.

It is always advisable to perform a sensitivity analysis to examine how prone the product of the 
analysis to changes of the input data is. In most case studies, the modifi cation involved changes of 
the weights given to the adopted criteria. In few case studies, changes took place at the performance 
of the suggested options against the criteria.

The participation of people with different and often contradictory views of the process is neces-
sary to ensure the objective of sustainability. These people should express the different demands and 
preferences of the different groups of the society affected by the transport project.

An interesting conclusion is that many case studies involve the evaluation of public transportation 
systems and road transport projects. Public transport has an enormous social aspect and therefore 
there is a demand that the evaluation should include all the relative consequences, monetary and 
non-monetary. Thus, the common use of MCA is explained. On the other hand, the road projects 
pose a great amount of negative effects to the environment. Therefore, the methodology is used to 
include all the relevant parameters in the evaluation.
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