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Abstract 

While sustainability of transport projects is of increasing importance, the concept of sustainability can be understood in many 
different ways by the stakeholders that are involved in or affected by mobility projects. In this paper, we compare the outcomes of 
the assessment of sustainability of projects through a multi-criteria analysis (MCA) and the appraisal of stakeholder preferences 
through the multi-actor multi-criteria analysis (MAMCA). Evaluating projects with both tools and comparing the outcomes can 
provide insight into the stakeholder support of sustainable solutions and the sustainability of alternatives preferred by stakeholders. 
The sustainability of projects is assessed through 16 criteria grouped under the three pillars of sustainability. They were selected 
by in-depth review of 16 case studies of mobility projects, 18 transport evaluation schemes and the ranking of potential criteria by 
214 stakeholders in North-West Europe. These criteria were weighted by 93 representatives of decision makers in the mobility 
domain. Stakeholder preferences were appraised through the criteria identified for each stakeholder group. We illustrate the 
framework by evaluating alternative solutions to improve cycling connections between the towns of Tilburg and Waalwijk in the 
Netherlands. The results of the comparison show that stakeholder preferences are biased towards one or two of the sustainability 
pillars (economy, environment, society) in three ways: through the selection of the criteria by the stakeholders, the weights of each 
criterion by each stakeholder group and differences in the final ranking of alternatives between the stakeholder groups and the 
MCA. 
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1. Introduction 

Sustainability in general and sustainable mobility in particular are universal concepts that are supposed to reflect 
the overall societal objectives in terms of economic development, environmental preservation and social progress. 
Sustainability, however, can be understood in many different ways by the stakeholders that are involved in or affected 
by mobility projects (Richardson, 2005). While an alternative to solve a particular mobility problem can be sustainable 
in general, it may not receive support from the majority of the stakeholders since their evaluation criteria and 
preferences may differ from the assessment criteria for sustainable mobility. Therefore, there is a need for evaluation 
frameworks and tools that can appraise project alternatives in terms of their sustainability as well as their stakeholder 
support. 

In this paper, we propose the NISTO1 evaluation framework that is composed of the assessment of sustainability 
of projects through a multi-criteria analysis (MCA) and a close integration of stakeholders into the evaluation process 
through the multi-actor multi-criteria analysis (MAMCA). Evaluating projects with both tools and comparing the 
outcomes can provide insight into the stakeholder support of sustainable solutions, or vice versa, the sustainability of 
alternatives preferred by different stakeholder groups. The framework has been tested through the evaluation of five 
demonstration projects. This paper presents the evaluation of alternative solutions to improve cycling connections 
between the towns of Tilburg and Walwijk in the Netherlands. Potential conflicts between the preferences of the 
stakeholders and the sustainability of options will be shown. 

The next section gives a brief overview of the literature on the linkages between sustainability assessment and 
participatory evaluation. Then, in Section 3, the proposed evaluation framework is introduced. Section 4 describes the 
case study and section 5 presents the results. Section 6 concludes the paper by discussing the results and limitations 
of the study. 

2. Sustainability versus participatory evaluation  

The concept of sustainable transport or sustainable mobility has been derived from that of sustainability. Based on 
a review of sixteen planning and research projects, Jeon and Amekudzi (2005) concluded that definitions of 
a sustainable transport system usually cover impacts on economic development, environmental integrity and social 
quality of life. Similarly, a number of evaluation and indicator frameworks for transport consider at least the ‘triple 
bottom line’ that define sustainability: economy, environment and society (Nieto, 1997; Toth-Szabo et al., 2011; 
Marletto and Mameli, 2012; Litman, 2013).  

Sustainability assessment is based on two paradigms: the expert-led, top-down approach and the participatory 
bottom-up approach (Reed et al., 2006). The former has the advantage that the comparison across different cities and 
regions is possible (Binder et al., 2010). The latter, however, puts more emphasis on the local context, hence decisions 
may reflect local circumstances better (Reed et al., 2006). Gibson (2006) suggests that traditional top-down 
approaches to sustainability assessment should be enhanced with effective public participation and attention to specific 
local concerns. The difficulty of involving different stakeholder groups in the assessment of sustainability, however, 
arises from the potential conflict between participation and a balanced view of sustainability. Some stakeholder groups 
may have objectives that are not sustainable. Car drivers, for example, may have objectives that conflict with those of 
pedestrians (e.g. more parking and road capacity vs. larger pedestrian areas). Therefore a balance between community 
and high-level control over the assessment process is needed to provide an objective assessment of impacts (Reed et 
al., 2006). Several approaches have been proposed that combine top-down and bottom-up methods (Sheppard and 

 

 
1 NISTO: New Integrated Smart Transport Options: a project co-financed by the EU INTERREG IVb North West Europe Programme. 
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Meitner, 2005; Reed et al., 2006; Stringer et al., 2006; Chamaret et al., 2007). Reed et. al. (2006), for example, 
developed an “adaptive learning process” for the assessment of sustainability that combines the advantages of bottom-
-up and top-down approaches and can be adapted to local circumstances. It provides a framework that can be applied 
by a wide range of stakeholders, although it does not suggest specific tools or methods for the different steps of the 
evaluation. In the field of transport evaluation, Castillo and Pitfield (2010) created the ELASTIC framework to include 
stakeholders in the selection of indicators for sustainable transport. In this framework, indicators are selected based 
on the evaluation of their methodological strength and relevance concerning the principles of sustainable transport. 
Multi-Criteria Decision Analysis (MCDA) is applied in the selection process to attach weights to the different criteria. 
This framework, however, only focuses on the selection of indicators, and not on the whole evaluation process or 
other steps thereof. In addition, the selection of the evaluation criteria is somewhat arbitrary and it is not ensured that 
the environmental, economic and social pillars are balanced. Marletto and Mameli (2012) proposed the combination 
of multi-criteria decision analysis techniques and participatory methods. Participation was, however, again only 
limited to the selection of core indicators for sustainable urban mobility. Vermote et. al., used the multi-actor multi-
-criteria analysis (MAMCA) (developed by Macharis (2004) for the assessment of different scenarios of freight 
transport routes (Vermote et al., 2013) and alternative light rail scenarios in Flanders (Vermote et al., 2014) within 
the assessment framework of sustainable mobility. The Multi-Actor Multi Criteria Analysis has been shown to be 
suitable for the evaluation of the support of the different stakeholders for specific policy measures. However, there 
might be a high support for a certain measure, but that does not mean the measure is sustainable from the ecological, 
social and economic point of view. Therefore, in this paper, we propose to complement the MAMCA tool with 
a sustainability assessment. 

3. Methodology: the NISTO evaluation framework 

To overcome the barriers of integrating sustainability assessment and the needs of stakeholders into the decision 
making process, the NISTO evaluation framework aims to link the advantages of traditional MCDA techniques with 
the stakeholder-based Multi-Actor Multi-Criteria Analysis (MAMCA) methodology (Macharis et al., 2012). This 
novel approach makes it possible to carry out a sustainability assessment (top-down approach), whilst highlighting 
any potential stakeholder conflicts that may hinder the implementation of the projects (bottom-up approach). 
A comparison of the outcomes of the two evaluations can reveal any conflicts between stakeholder preferences and 
sustainability. The NISTO evaluation framework consists of two main elements (Figure 1). On the one hand, there is 
a set of evaluation tools (MCA, MAMCA, Target monitoring2) to assess projects based on the objectives of sustainable 
urban and regional transport. On the other hand, there is a set of core (MCA) and local (MAMCA) evaluation criteria 
and indicators that are used by the evaluation tools. 

The sustainability of projects is assessed by multi-criteria analysis through 16 criteria grouped under the three 
pillars of sustainability. They were selected based on an in-depth review of 16 case studies of mobility projects, 
18 transport evaluation schemes and the ranking of potential criteria by 214 stakeholders from the UK, Belgium, 
France, Germany and the Netherlands in a survey. The aim was to ensure that all relevant evaluation criteria for 
sustainability for urban and regional mobility are included covering all three sustainability pillars. (Bulckaen et al., 
2015a). These criteria were weighted by 93 representatives of decision makers in the mobility domain from Belgium, 
France, Germany, the Netherlands and the United Kingdom. The weightings were carried out for each pillar separately 
maintaining the balance between the three pillars (Table 1). 

Given the fixed set of criteria and weights, the main step of the sustainability assessment is the evaluation of the 
alternatives on each core criterion. In the first step, indicators are identified and data is collected. Indicators for which 
no quantitative data is available are evaluated qualitatively by experts with local knowledge. A seven-point qualitative 
scale (from very negative to very positive) can be used to indicate the extent and direction (positive, negative or 
neutral) of the impact of the alternative on each criterion. 

 

 

 
2 Target monitoring aims to monitor and follow up targets set at the beginning of the implementation. This evaluation tool is not covered in this 

paper. 
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Fig. 1. Overview of the NISTO Evaluation Framework (source: own setup). 

For the evaluation of the criteria we chose the PROMETHEE method developed by Brans (1982) because 
PROMETHEE offers advantages in terms of avoiding trade-offs between scores on criteria and simplifying the 
evaluation procedure (De Brucker et al., 2004). PROMETHEE has also the advantage that indicator values can be 
entered irrespective of their dimension and both quantitative and qualitative indicators can be used.  

Table 1. The 16 NISTO core criteria, grouped under the three pillars of sustainability, with the aggregated weights (in brackets) from 
93 governmental representatives in North-West Europe. 

Economy (0.33) Environment (0.33) Society (0.33) 

Economic activity (0.21) Land consumption (0.20) Safety (0.20) 

Cost effectiveness (0.24) Greenhouse gas emissions (0.21) Security (0.11) 

Reliability and travel time (0.31) Air quality (0.22) Health of citizens (0.16) 

Public funding of transport (0.24) Resource use (0.20) Liveability (0.18) 

 Noise (0.17) Equity (0.13) 

  Socio-political acceptance (0.09) 

  Accessibility for people with special needs (0.13) 

Stakeholder preferences are appraised through the MAMCA methodology. It is based on assessing the evaluation 
criteria of the different stakeholder groups rather than appraising the project based on a set of criteria agreed on with 
all stakeholders at the beginning of the process (Macharis et al., 2012). For a more objective comparison of the 
evaluation outcomes between MCA and MAMCA and to ease the classification of MAMCA criteria into the 
sustainability pillars we considered limiting the choice of stakeholders’ criteria to the core criteria identified for the 
MCA (Table 1). This, however, turned out to be a significant limitation given the large variety of transport and 
mobility projects, stakeholders and their objectives. Therefore, in this research, stakeholders were offered an initial 
list of criteria (the NISTO core criteria; see Table 1) to choose their own criteria from, but the addition of project-
-specific criteria was also allowed to reflect local circumstances and specific project objectives.  

Similarly to the MCA, we applied the PROMETHEE methodology for the evaluation of the alternatives. The 
MAMCA evaluation is carried out with custom criteria weights that are always elicited by the stakeholders themselves. 
Guidelines for weight elicitation are, however, not integrated into PROMETHEE, so it is up to the decision analyst to 
choose an appropriate method (Turcksin et al., 2011a). Macharis et al. (2004a) suggest that a combination of AHP for 
weighting and PROMETHEE for evaluation can benefit from the advantages of both methodologies. Therefore, the 
NISTO framework combines pairwise comparisons of criteria for the weight elicitation and evaluation by 
PROMETHEE integrated in a software tool (NISTO toolkit). For PROMETHEE we used the V preference function 
and a preference threshold equal to the difference between the largest and the smallest indicator value assuming that 
the decision maker considers even the smallest difference in the indicators relevant. The identification of and data 
collection for indicators is carried out the same way as for the MCA. Alternatives are evaluated separately for each 
stakeholder group. 

The main outputs of the MAMCA are the sets of criteria selected by the stakeholders (one discrete set for each 
stakeholder group), the weights of these criteria based on the stakeholders’ ratings and the final ranking of alternatives. 
In MAMCA, the rankings of the stakeholder groups are not aggregated, so there are as many discrete rankings as 
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stakeholder groups. In this paper, these outputs will be compared to the outcome of the corresponding elements of the 
sustainability assessment (sustainability criteria, weights, ranking).  

4. Case study description 

We applied the NISTO evaluation framework in a real-world evaluation exercise to appraise alternative super cycle 
highways between the cities of Waalwijk (population: 46,500) and Tilburg (population 206,000) in the province of 
Noord-Brabant in the Netherlands. In consultation with the region Hart van Brabant (part of the province of Noord-
-Brabant), five alternatives were defined for the approximately 14 kilometers of cycle path (in addition to the business 
as usual). The alternatives differ in urban and natural environment, choices between level- and split-level junctions 
and infrastructural design (width, curves, lighting, pavement choices). Alternatives A and A- follow the same route 
via the village Kaatsheuvel (population: 16.000) where alternative A has split level junctions while alternative A-level 
has level junctions. Second, alternative B and B1 pass through a national park creating a fast direct connection between 
the two main cities and the village Loon op Zand (6.075) where alternative B1 has an additional link connecting the 
super cycle highway to an existing cycle network and the most famous themepark in the Netherlands, Efteling. Finally, 
alternative C is less direct but connects the cities as well as the two villages and therefore it would potentially attract 
more cyclists.  

Table 2. The characteristics of the alternatives appraised. 

Alternative Municipalities to be connected Type of land use Level of service (infrastructure)  

A Waalwijk, Kaatsheuvel, Tilburg  Urban environment, rural environment, 
industrial area, Efteling theme park 

Split level junctions 

A- Waalwijk, Kaatsheuvel, Tilburg Urban environment, rural environment, 
industrial area, Efteling theme park 

Level junctions 

 

B Waalwijk, Loon op Zand, Tilburg 

 

Urban environment, Efteling theme park, 
natural environment (national park) 

Level junctions 

 

B1 Waalwijk, Loon op Zand, Tilburg  Urban environment, Efteling theme park, 
natural environment (national park), 
Efteling theme park  

Level junctions + additional split 
level junction 

C Waalwijk Kaatsheuvel Loon op Zand 
Tilburg Loon op Zand  

Urban environment, rural environment, 
Natural environment, industrial area, 
Efteling theme park 

Level junctions + additional split 
level junction 

 

As a first step of the evaluation, the following stakeholder groups for the specific problem were identified: 
 Citizens: citizens living in the area between the “five big cities” in Noord-Brabant (Breda, Tilburg, 

‘s Hertogenbosch, Eindhoven & Helmond) who are potential users of the new infrastructure were represented by 
members of lobby and pressure groups.  

 Government: Three types of governments were defined. Members of the national, provincial or regional 
government formed the first group, governmental representatives from the “big 5 cities” were part of the second 
group and the third group consisted of representatives from local municipalities. 

 Public transport operator: a private operator who operates regional services, under concession from the regional 
government. 

 Employers: companies and public employers in the Tilburg – Walwijk area (hospital, amusement park, furniture 
company and the coordinating firm for employers in an industrial site near Waalwijk) 
Potential objectives and corresponding criteria were identified for each stakeholder group based on the knowledge 

of local experts. These initial ideas were then compiled into an online questionnaire. A workshop was organized in 
‘s Hertogenbosch on 03/12/2014 to finalise the list of stakeholder objectives and the derived evaluation criteria and to 
collect the weights for each criterion. Stakeholders who were invited to the workshop were requested to fill in an 
online questionnaire to validate their objectives and propose additional ones. The final list of objectives was converted 
into criteria Table 3. 
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At the workshop, participants carried out an interactive weighting of their criteria using AHP pairwise comparisons 
in the newly developed online NISTO toolkit software. The weighting was carried out in groups of 3 and the results 
were aggregated using the arithmetic mean to create an aggregated weight for the specific stakeholder group. Public 
transport operators and employers were not represented at the workshop (no one registered), therefore they were 
approached after the workshop by telephone.  

In the next step, indicators were identified for the criteria and data was collected to estimate the impact of each 
alternative on each criteria both in the MCA and in the MAMCA. The core criteria for the MCA and stakeholders’ 
criteria for the MAMCA largely overlapped (8 criteria) so most of the data collected could be used for both 
evaluations. Most of the indicators (air quality, greenhouse gas emissions, safety, noise, health of citizens) were 
estimated using a transport model. The transport model is a classic multimodal transport demand model, 
distinguishing between car, public transport and bicycle. The five alternatives were calculated as network scenarios 
to an already existing baseline situation of the region Midden-Brabant. The super cycle highway alternatives differ in 
travel time, and directness of route affecting travel speed. The result of the modal split and distribution models are 
five multi modal sets of origin-destination matrices. The direct results from the transport model are the increase and 
decrease of traffic volumes and accessibility levels, where, as an indirect effect, the shift from car and public transport 
to bicycle was translated into the indicators for air quality, noise, health of citizens, etc. 

Other indicators like socio-political acceptance, accessibility and liveability were evaluated qualitatively by local 
experts. The values that were used in the evaluation are presented in Table 3. 

Table 3. Indicator values for the MAMCA. (Econ=Economy, Soc=Society, Env=Environment) . 

  Pillar Weight BAU A B B1 C A- 

Citizens 

Air quality (BAU=1) Env 0.38 1 0.966 0.981 0.98 0.976 0.986 

Noise (BAU=1) Env 0.23 1 0.982 0.989 0.989 0.987 0.992 

Equity (BAU=1) Soc 0.16 1 1.008 1.005 1.005 1.006 1.003 

Health of citizens (modal share of active travel 
modes in %) 

Soc 0.23 0.49 0.5056 0.4988 0.499 0.5008 0.4965 

Government  

Air quality (BAU=1) Env 0.19 1 0.966 0.981 0.98 0.976 0.986 

Noise (BAU=1) Env 0.34 1 0.982 0.989 0.989 0.987 0.992 

Health of citizens (modal share of active travel 
modes in %) 

Soc 0.27 0.49 0.506 0.499 0.499 0.501 0.497 

Socio-political acceptance (qualitative*) Soc 0.19 0 2 -1  -1 1 1 

Public transport operators 

Cost effectiveness of public transport operation 
(Number of passengers on bus services) 

Econ 0.68 28,200 27,567 27,843 27,833 27,760 27,937 

Public funding of transport (level of public 
funding to operate bus services) (qualitative*) 

Econ 0.07 0 0 0 0 0 0 

Accessibility of stops (qualitative*) Soc 0.26 0 3 2 1 2 1 

Employers 

Economic activity (no. of jobs in the region) Econ 0.26 23,675 23,734 23,713 23,714 23,720 23,699 

Accessibility (qualitative*) Soc 0.33 0 2 2 2 2 1 

Health of employees (modal share of active 
travel modes in %) 

Soc 0.28 0.49 0.5056 0.4988 0.499 0.5008 0.4965 

Liveability (qualitative*) Soc 0.12 0 1 1 1 1 1 

* Qualitative scale between very negative (-3) and very positive (3). 
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The first indication of the sustainability of the stakeholders’ preferences comes from the choice of evaluation 
criteria. In the first column of Table 5, we have indicated the sustainability pillars that correspond to each stakeholder 
criteria. The distribution of the stakeholders’ criteria shows that none of the stakeholder groups has a balanced 
distribution of criteria in terms of the three sustainability pillars (Table 4). Societal criteria are overrepresented and 
are present for each stakeholder group, while economic criteria are only present for the public transport operator and 
the employers; environmental criteria were selected by only by the citizens and the government. Apart from the 
specific preferences of the stakeholders, another reason for the imbalanced distribution of criteria is the limited number 
of criteria for each group. For practical reasons, in order to decrease the burden on the participants, the maximum 
number of criteria for each stakeholder group was limited to five.  

Table 4. Aggregated number and weights of the stakeholders’ criteria. 

Pillar Number of criteria Aggregated weight* MCA** 

Environment 4 1.14 1.33 

Economy 3 1.00 1.33 

Society 8 1.85 1.33 

Total 15 4 n.a. 

* The values do not add up to 4 due to rounding. 
** These are the weights of each pillar if the aggregated weights of criteria under each pillar was equal. 

The second indication of stakeholder preferences in terms of sustainability is the aggregated weight of their criteria 
grouped under the three pillars across all stakeholder groups. In Table 4, we aggregated the weights of all criteria 
selected by the stakeholders (the aggregate total equals 4 as there are four stakeholder groups). The table shows the 
distribution of the weights of the stakeholders across the sustainability pillars. In our case, societal criteria received 
the highest weight, followed by the environment and the economy (Table 4). Compared to the distribution of weights 
if all pillars were equally weighted (see column MCA in Table 4), societal criteria are over- while environmental and 
economic criteria are underrepresented. 

Thirdly, we compared the outcome of the evaluations of the MCA and the MAMCA. The MCA gives an overall 
ranking of the alternatives based on the evaluation of the alternatives on every core criterion (Figure 2). The graph 
shows that the Alternative A performs the best on almost all criteria except cost effectiveness (due to the investment 
cost) and land consumption (due to natural areas that will be sacrificed for the cycle path) therefore it is also the first 
in the overall ranking. There are a few criteria, which were not relevant for the evaluation because the project does 
not have any impact on them (reliability and travel time, resource use, accessibility for people with special needs, 
security). These criteria were treated as if the alternatives had the same (zero) impact on them. 

 

 

Fig. 2. Performance of the alternatives on the MCA core criteria and overall sustainability ranking. The performance of the business as usual 
alternative is always zero (source: NISTO Toolkit – www.nistotoolkit.eu). 
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The output of the MAMCA is the multi-stakeholder view displaying the preference scores of each stakeholder 
group but no overall ranking (Figure 3). Here also Alternative A performs best for three out of the four stakeholder 
groups (citizens, government, employers), while public transport operators would prefer the business as usual as better 
cycling infrastructure would mean a 3.3% modal shift form public transport to cycling according to our modelling 
results therefore a loss of revenues. 

 

 

Fig. 3. Multi-stakeholder view of the MAMCA evaluation. The performance of the business as usual alternative is always zero (source: NISTO 
Toolkit – www.nistotoolkit.eu). 

We compare the preference rankings of the stakeholder groups (MAMCA) and the sustainability assessment 
(MCA) in Table 5. If we assume that the outcome of the MCA is a reflection of sustainability, we can determine how 
the preferences of the stakeholders compare to the sustainability rankings. According to Table 5, none of the 
stakeholder groups has exactly the same preferences as the outcome of the MCA. There is, however an agreement in 
terms of the best (A) and worst (BAU) alternatives in three out of the four stakeholder groups, which is also reflected 
in the MCA evaluation. The only exception is the group of the public transport operators, which has a low preference 
for all cycle path alternatives favouring the business as usual since increasing cycle travel would decrease public 
transport patronage and hence profitability.  

Table 5. Comparison of the ranking of the alternatives by the MCA and by the stakeholder groups in the MAMCA. 

Alternatives MCA 
MAMCA 

Citizens Government Public transport operators Employers 

BAU 6 6 6 1 6 

A 1 1 1 6 1 

B 4 4 3 3 4 

B1 5 3 2 4 3 

C 2 2 4 5 2 

A- 3 5 5 2 5 
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5. Discussion and conclusions 

This paper investigated how stakeholder preferences and sustainability scores can be compared in the evaluation 
of mobility and transport projects. We have compared the evaluation outcomes of the sustainability assessment (MCA) 
and the stakeholder evaluation (MAMCA) of alternatives for a cycling path between the Dutch cities of Tilburg and 
Waalwijk. For the simultaneous evaluation of sustainability and stakeholder preferences, we proposed the NISTO 
evaluation framework that combines a multi-criteria analysis based on a set of core criteria and fixed weights for the 
sustainability assessment and the multi-actor multi-criteria analysis appraising stakeholders’ preferences for each 
stakeholder group separately. The framework provides a tool to assess how alternatives ranked high by the individual 
stakeholder groups score for sustainability in general. 

The results of the comparison show that stakeholder preferences are biased towards one or two of the sustainability 
pillars (economy, environment, society) in three ways. The selection of the criteria of the stakeholder already indicates 
a preference. Stakeholder criteria may be balanced towards one or two of the pillars especially if the choice of criteria 
is limited to just a few. Secondly, since each stakeholder group can weight their own criteria in the MAMCA 
methodology, they can express further preferences towards one or the other sustainability pillars. Finally, the ranking 
of the alternatives, which is based on the weights and the evaluation of the impact of the alternatives on each criteria 
indicate preferences towards less or more sustainable alternatives indicated by the MCA. These differences highlight 
the need for an evaluation that integrates sustainability assessment and the evaluation of stakeholder preferences. In 
this manner, decision makers can consider sustainability and stakeholder preferences side-by-side. 

The simultaneous application of the sustainability assessment (MCA) and the assessment of stakeholder 
preferences (MAMCA) can contribute to better decision making, especially in the earlier phases of project 
development when detailed data is not yet available about the impact of the alternatives (sifting phase). The MCA 
would then highlight alternatives with the best contribution to sustainability, while the MAMCA can indicate the 
stakeholder support for those alternatives. If there is no consensus among the stakeholders about the best alternatives 
and if the alternatives ranked high by the stakeholders are not sustainable, the decision maker may decide to adjust 
the alternatives to make them more sustainable and potentially more supported by stakeholders. Alternatively, 
a negotiation can be initiated between the stakeholders and the decision maker to find a compromise in terms of 
stakeholder support and sustainability. The proposed approach has the advantage that it does not only consider 
economic criteria or factors that can be monetised (like in a cost-benefit analysis), but it provides a balanced 
assessment of the economic, environmental and social impact of the proposed alternatives. At the same time, the 
impact on stakeholders can also be considered. 

The results presented above, however, have some limitations. The sustainability assessment does not give a yes-
-or-no answer to the question if an alternative is sustainable or not as suggested by Pope et al., (2004). It only gives 
an indication of the ranking of the alternatives in terms of their sustainability. In addition, the sustainability assessment 
attaches equal weights to the three pillars. This may be debated as claimed by Joumard and Nicolas (2010), who 
advocate a hierarchical preference for environment, social and economic issues, in this order of preference. Finally, 
the weights of the sustainability criteria in the MCA were determined by a limited survey of governmental policy 
makers in Belgium, the UK, France, Germany and the Netherlands. Therefore, the validity of these weights is also 
limited in terms of geographic and cultural scope and representativeness to each country. 

The distribution of stakeholders’ criteria and criteria weights across the sustainability pillars may depend on the 
choice and type of stakeholders (e.g. private, public) and the type of the project evaluated (infrastructure, soft 
measure). Therefore, further research is needed to compare the evaluation of different types of measures. 

The qualitative evaluation applied for some of the criteria may be subjective and it can substantially influence the 
outcome of both the MCA and the MAMCA. The same applies to the setting of the preference function of the 
PROMETHEE methodology. By setting the threshold to the greatest possible difference between any two criteria 
indicators, we assume that the smallest difference between the indicators is relevant for the decision maker. However, 
this difference can be negligible at the scale of a city or a region. It is then the task of the decision maker to decide if 
the change is relevant and if it should influence the ranking through the adjustment of the preference threshold. 



915 Imre Keseru et al.  /  Transportation Research Procedia   14  ( 2016 )  906 – 915 

Acknowledgements 

The development of the NISTO evaluation framework and toolkit has been realized with the financial support of 
the Interreg IVB programme, the Flemish government and the Vrije Universiteit Brussel. The authors wish to thank 
the NISTO project partners for the collaboration and Sheida Hadavi, Paul Otuyalo and Koen van Raemdonck at VUB-
-MOBI for their contribution to the development of the NISTO online evaluation toolkit (www.nisto-project.eu). 

References 

Binder C.R., Feola G., Steinberger J.K. 2010. Considering the normative, systemic and procedural dimensions in indicator-based sustainability 
assessments in agriculture. Environmental Impact Assessment Review 30: 71–81 DOI: 10.1016/j.eiar.2009.06.002. 

Bulckaen J., Keseru I., Donovan C.A., Davies H.C., Macharis C. 2015a. Development of a new evaluation framework for urban mobility 
projects. In Current Issues in Transportation Research. Proceedings of the BIVEC/GIBET Transport Research Days 2015 University Press: 
Eindhoven. 

Bulckaen J., Keseru I., Macharis C. 2015b. Assessing sustainability, stakeholder support and monitoring of small-scale mobility projects: 
an integrated approach. Unpublished results: Paper in revision for publication in Research in Transportation Economics. 

Castillo H., Pitfield D.E. 2010. ELASTIC – A methodological framework for identifying and selecting sustainable transport indicators. 
Transportation Research Part D: Transport and Environment 15: 179–188 DOI: 10.1016/j.trd.2009.09.002. 

Chamaret A., O’Connor M., Recoche G. 2007. Top-down/bottom-up approach for developing sustainable development indicators for mining: 
application to the Arlit uranium mines (Niger). International Journal of Sustainable Development 10: 161–174 DOI: 
10.1504/IJSD.2007.014420. 

Elkington J. 1994. Towards the Sustainable Corporation: Win-Win-Win Business Strategies for Sustainable Development. California 
Management Review 36: 90–100 DOI: 10.2307/41165746. 

Gibson R.B. 2006. Beyond the pillars: sustainability assessment as a framework for effective integration of social, economic and ecological 
considerations in significant decision-making. Journal of Environmental Assessment Policy and Management 08: 259–280 DOI: 
10.1142/S1464333206002517. 

Hacking T., Guthrie P. 2008. A framework for clarifying the meaning of Triple Bottom-Line, Integrated, and Sustainability Assessment. 
Environmental Impact Assessment Review 28: 73–89 DOI: 10.1016/j.eiar.2007.03.002. 

Jeon C.M., Amekudzi A. 2005. Addressing Sustainability in Transportation Systems: Definitions, Indicators, and Metrics. Journal of 
Infrastructure Systems 11: 31–50 DOI: 10.1061/(ASCE)1076-0342(2005)11:1(31). 

Litman T. 2013. Well Measured. Developing Indicators for Sustainable and Livable Transport Planning. Victoria Transport Policy Institute. 
Available at: http://www.vtpi.org/wellmeas.pdf. 

Macharis C. 2004. The importance of stakeholder analysis in freight transport. European Transport \ Trasporti Europei 25-26: 114–126 
Macharis C., Turcksin L., Lebeau K. 2012. Multi actor multi criteria analysis (MAMCA) as a tool to support sustainable decisions: State of use. 

Decision Support Systems 54: 610–620 DOI: 10.1016/j.dss.2012.08.008. 
Marletto G., Mameli F. 2012. A participative procedure to select indicators of policies for sustainable urban mobility. Outcomes of a national test. 

European Transport Research Review 4: 79–89 DOI: 10.1007/s12544-012-0075-8. 
Nieto CC. 1997. Toward a Holistic Approach to the Ideal of Sustainability. Society for Philosophy & Technology 2: 41–48. 
Pope J., Annandale D, Morrison-Saunders A. 2004. Conceptualising sustainability assessment. Environmental Impact Assessment Review 24: 

595–616 DOI: 10.1016/j.eiar.2004.03.001. 
Reed M.S., Fraser E.D.G., Dougill A.J. 2006. An adaptive learning process for developing and applying sustainability indicators with local 

communities. Ecological Economics 59: 406–418 DOI: 10.1016/j.ecolecon.2005.11.008. 
Richardson B.C. 2005. Sustainable transport: analysis frameworks. Journal of Transport Geography 13: 29–39 DOI: 

10.1016/j.jtrangeo.2004.11.005. 
Sheppard S.R.J., Meitner M. 2005. Using multi-criteria analysis and visualisation for sustainable forest management planning with stakeholder 

groups. Forest Ecology and Management 207: 171–187 DOI: 10.1016/j.foreco.2004.10.032. 
Stringer L.C., Dougill A.J., Fraser E., Hubacek K., Prell C., Reed M.S. 2006. Unpacking ‘Participation’ in the Adaptive Management of Social-

-ecological Systems: a Critical Review. Ecology & Society 11: 719–740. 
Toth-Szabo Z., Várhelyi A., Koglin T., Angjelevska B. 2011. Measuring sustainability of transport in the city – development of an indicator-set. 

Bulletin 261. Traffic & Roads, Department of Technology and Society, Lund University, Lund. Available at: 
http://lup.lub.lu.se/record/1873042/file/1882700.pdf [Accessed 15 January 2014]. 

Vermote L., Macharis C., Hollevoet J., Putman K. 2014. Participatory evaluation of regional light rail scenarios: A Flemish case on sustainable 
mobility and land-use. Environmental Science & Policy 37: 101–120 DOI: 10.1016/j.envsci.2013.08.013. 

Vermote L., Macharis C., Putman K. 2013. A Road Network for Freight Transport in Flanders: Multi-Actor Multi-Criteria Assessment of 
Alternative Ring Ways. Sustainability 5: 4222–4246 DOI: 10.3390/su5104222. 

WCED. 1987. Our common future. World Commission on Environment and Development. Oxford University Press: Oxford. Available at: 
http://www.un-documents.net/our-common-future.pdf. 

 


