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1. Introduction
The scientific debate on the limits of growth that followed the oil crisis in the 1970s has
revealed the close interactions between environmental issues, economic and social
development and energy security. Since then, the rise of climate change concerns on the
public agenda has accelerated the need for quantitative and qualitative assessments of
related strategies and policies.

Received 26 July 2014 
Revised 20 October 2014 
7 December 2014 
Accepted 5 January 2015



At the level of “Districts and Built Environment,” one of the main challenges is 
to reduce energy use, environmental impact and carbon footprints, which entails 
competitive industries for jobs and growth and at the same time ensures societal and 
social development and the well-being of citizens. Currently our existing building stock 
plays a major role in energy consumption (40 percent of EU final energy demand). This 
stresses the need for affordable and sustainable retrofit solutions on a large scale. 
According to the European Commission (2014), a major challenge in this area is to 
give stakeholders (industry, cities, operators, etc.) the tools needed to take appropriate 
systemic or individual decisions and facilitate scaling up solutions. The focus does 
not stop with the building, rather it addresses urban planning processes and “place-
making” with people, in communities within cities.

At the level of “Cities and regional systems,” new integrated, inclusive decision-
making processes are required across a large number of actors and sectors. These are 
required because cities are dynamic living organisms that are constantly evolving. 
When addressing the complex problems of city management and planning it is not 
sufficient just to be concerned with the physical structure of the city; the interplay of 
intangible economic, social and environmental factors needs to be considered in an 
holistic way as well. This presents a big challenge.

Recent research findings highlight that decisions on urban and regional planning 
should be supported by collaborative and inclusive processes, otherwise they will fail. 
Current methods and tools for supporting decisions in the field of urban planning and 
design seem unable to tackle the problem as they cannot take a holistic approach 
or a full account of actors. Therefore, new mechanisms and approaches need to be 
found to ensure that citizens understand the issues and options and can express 
their preferences. Furthermore, a great deal of social science research is still needed to 
understand the interaction between city design, social preferences, economic issues and 
policy incentives.

This paper aims to present a new generation of evaluation systems to support 
decision making in planning and regeneration processes which involve expert 
participation. These systems ensure network representation of the issues involved and 
visualization of multiple scenarios. In particular, it highlights the potentialities of an 
innovative spatial decision support system (SDSS) by illustrating a collection of three 
case studies in which the proposed method has been applied to support environmental 
decision-making in separate but related contexts.

The paper is organized as follows. The next section discusses the need for new 
decision support systems (DSS) for tackling the problem of territorial transformations 
in order to achieve sustainable development in cities and the built environment. These 
systems are based on a new multicriteria method named Analytic Network 
Process (ANP; Saaty, 2005) which is able to represent the decision problem more 
effectively. Finally, Section 3 reviews this new generation of DSS and Section 4 
illustrates three case studies. The first case study shows the potentialities of using 
spatial multicriteria evaluation for ecological landscape design, the second 
application is related to undesirable facility location problems and the third 
application to strategic planning of complex territorial systems. In the last section 
some conclusions are provided.
2. Role of SDSS in the field
Policy makers are specifically challenged with the need to achieve sustainable
development in cities and regions, promoting a transition that radically decarbonizes
energy sources without undermining well-being and patterns of consumption.
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This transition process requires appropriate support and attention by all societal,
technical, economic and political stakeholders in order to be delivered in a way which
does not affect social well-being and urban sustainability. It requires new ways
of “governing” cities that enable, on the one hand, more efficient management and,
on the other, more integrated, inclusive decision making across a large number of
actors and sectors.

A decision problem is defined as a situation where an individual or a group
perceives a difference between a present state and a desired state and where: the
individual or group has alternative courses of action available; the choice of action can
have a significant effect on this perceived difference; and the individual or group
a priori is uncertain as to which alternative should be selected. All territorial
transformations are recognized as complex decision-making problems due to the
presence of competing objectives, unavoidable trade-offs and possible outcomes. They
require appropriate methodologies or approaches for supporting decisions and
empowering stakeholders.

At an international level, many evaluation methods and tools have been developed
in order to facilitate the integration of environmental values into planning and urban
design (De Roo et al., 2004; Rotmans et al., 2000; Runhaar et al., 2009; Wang et al., 2013,
2014). These methods have been classified by Brandon and Lombardi (2011) as “Post-
Brundtland” because they seem able to tackle the whole life cycle management of an
urban project. A list of these methods and tools is also provided in Lombardi and
Cooper (2009). Their aim is to identify and evaluate both the spatial and the technical
aspects of the built environment. Although they are useful to guide the urban planning/
design process according to environmental principles, they are not able to deal with
all the complex issues involved in a planning design process. Furthermore, these
systems are not able to describe urban dynamics as a network distribution of issues at
different scales (but which are closely related to each other).

In the context of sustainability, evaluation does not merely involve appraising
the feasibility and profitability of the future asset on the market, or checking some
technical requirements and/or some environmental issues (e.g. risk analysis, static
control, etc.). It also involves an integrated assessment of all aspects related to the
built environment, and its performance, at different stages, from the earliest conception
of the project’s development to its final approval.

A number of problems faced in decision making related to urban planning are
illustrated in the literature. Finco and Nijkamp (1999) identified the following issues:
the information or data available always contains an element of uncertainty; the data
or information may be stored in different databases that may be difficult to access,
manipulate, compare and study; a large set of – often conflicting – objectives or targets
has to be taken into account; the decision-making process itself might be influenced by
power relations or selfish motivations; a decision-making process has to take place
within the shortest time possible to avoid negative effects.

Although these are recognized critical issues that can plague a decision-making
process, a major problem faced in planning evaluation for sustainability is the lack of a
common language among the different stakeholders and urban actors (Brandon and
Lombardi, 2005). This is required because planning evaluation is generally based on
both technical and subjective values, expert judgements and opinions. In order to be
effective, therefore, decision making for sustainability should be enlarged to include
participation of stakeholders and concerned citizens. In addition, it requires a more
realistic and effective representation of the problem involved.



Today a number of powerful techniques are available which can support this task,
such as visual and geo-referenced information systems, DSS, virtual reality tools,
etc. These tools are very effective in storing and organizing information but not very
effective in structuring problems. Decision-making processes for sustainability require
structure and a flexible guide which can support the argument and the communication
among stakeholders.

In this context, collaborative SDSS and Multicriteria Spatial Decision Support
Systems (MC-SDSSs) based on spatial knowledge and expert systems seem more
appropriate to tackle the problem. In the next section, a detailed presentation of the
state-of-the-art in this field is presented.

3. State of the art for SDSSs
One of the first experiences concerning the use of maps in decision-making processes
refers to the work of McHarg (1969), where the basic concepts that would be later
developed in Geographic Information Systems (GIS; Charlton and Ellis, 1991) were
set forth.

Whereas DSS and GIS can work independently to solve some simple problems, 
many complex situations demand the two systems be integrated in order to provide 
better solutions (Li et al., 2004).

Arnott and Pervan (2005) trace and describe the development of the DSS field by 
identifying several sub-groupings of research and practice, as depicted in Figure 1.

In this context, it can be stated that the development of SDSS was associated with 
the need to expand the GIS system capabilities for tackling complex, not well defined, 
spatial decision problems (Densham and Goodchild, 1989). The concept of SDSS 
evolved in the mid 1980s (Armstrong et al., 1986), and by the end of the decade many 
works about them were available (e.g. Densham, 1991; Goodchild, 1993; Densham 
and Armstrong, 1987; Armstrong, 1993). Over the course of the 1990s there was 
considerable growth in the development and applications of SDSS and in recent years 
these common decision support functions have been expanded to include optimization 
(Aerts et al., 2003; Church et al., 2004), simulation (Wu, 1998), expert systems (Leung, 
1997), multicriteria evaluation methods (Feick and Hall, 2004; Malczewski, 1999; 
Thill, 1999; Janssen and Rietveld, 1990; Carver, 1991; Eastman et al., 1993; Pereira 
and Duckstein, 1993) online analysis of geographical data (Bedord et al., 2001) and 
visual-analytical data exploration (Andrienko et al., 2003), with the aim of generating, 
evaluating and quantifying trade-offs among decision-making alternatives (Spatial 
Decision Support Knowledge Portal, 2014).

The field has now grown to the point that it is made up of many threads with 
different but related names such as collaborative SDSS, group SDSS, MC-SDSS, 
environmental DSS and SDSS based on spatial knowledge and on expert systems. 
With specific reference to the MC-SDSS sub-group, the full range of techniques 
and applications has recently been discussed in an interesting survey developed by 
Malczewski (2006).

The amount of papers on MC-SDSS was limited for many years, but in the past 
decade, there has been substantial growth in the application of these tools for 
presenting and solving spatial multicriteria problems, thus stimulating research in 
different fields. A detailed analysis of the state of the art of these tools is beyond the 
scope of the present paper; the reader is referred to Ferretti (2013) for a classification of 
the scientific international literature highlighting the most recent global trends of the 
research in the MC-SDSS field.
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Figure 1.
Evolution of
the DSS field



In particular, MC-SDSS are most commonly applied to land suitability analysis in the 
urban/regional planning, hydrology and water management and environment/ecology 
fields, and are usually based on a loose coupling approach and on a value-focused 
thinking framework (Ferretti, 2013).

The rapid increase of the volume of MC-SDSS research can be attributed to different 
factors, ranging from the recognition of decision analysis and support as an essential 
element of GIS science, to the availability of low-cost and easy-to-use MCDA software 
and modules in spatial analysis software (Lami and Ferretti, 2014; Malczewski, 2006).

Within the MC-SDSS family, a new evaluation system has recently been developed 
which proposes the integration between GIS and a specific multicriteria analysis 
technique, the ANP (Saaty, 2005, 2013). This technique, which represents 
the generalization of the more well-known Analytic Hierarchy Process (AHP, Saaty, 
1980) to dependences and feedback, is particularly suitable for dealing with complex 
decision-making problems which are characterized by inter-relationships among the 
elements at stake. From a methodological viewpoint, structuring an ANP decision-
making process involves the definition of the main objective and the identification of 
groups or “clusters” which include various elements (“nodes”) that influence the 
decision, and alternatives or options from which to choose. All the elements in the 
network can be related in different ways since the network can incorporate 
feedback and complex inter-relationships within and between clusters, thus 
providing more accurate modeling of complex settings. Comparative or relative 
judgments are then made on pairs of elements to ensure accuracy. Finally, by 
means of the super-matrices approach, a final priority vector is obtained for all the 
elements considered in the analysis.

The three case studies presented in the next section highlight the potential of this 
new ANP-SDSS tool for supporting complex decision making at the urban and regional 
planning level.

4. Case studies
4.1 Case study 1:MC-SDSS and land suitability analysis for ecological corridors 4.1.1 
Setting. This first case study illustrates the development of a spatial multicriteria 
analysis to evaluate the ecological connectivity of the Piedmont region in Italy (a full 
description of the case study can be found in Ferretti and Pomarico, 2013).

Nature conservation is a very important issue in the sustainability assessments and 
spatial planning context. Knowledge of the suitability of the land to behave as an 
ecological corridor thus provides significant input to land use planning.

In particular, ecological corridors are areas or structures that enable the spreading, 
migration and exchange of species between core areas and nature development areas 
inside an ecological network (Jongman and Pungetti, 2004). The two primary 
components of ecological networks are hubs, or areas that are known to have 
ecological value, and links, which are the corridors that connect the hubs to each 
other. Knowledge of ecological networks can thus be used to support conservation-
related land use decisions.
The purpose of this application is to generate a comprehensive map representing the
ecological connectivity index of each area in the region under analysis. The added 
value of this map is the possibility to be used as a decision variable in spatial planning.

In particular, the territory of the region is divided in three areas: the mountain area, 
which surrounds the region on three sides and occupies most of the land (43.3%); the 
hilly area (30.3%); and finally the plain area (26.4%) situated in the central part of 
the region which corresponds to the hydrographic catchment of the



Po river and its many tributaries. Furthermore, it is important to highlight that the 
region is characterized by a significant number of natural protected areas. The regional 
law has established 63 protected areas which cover a total surface of 210,625 ha 
(7.6% of the territory). This aspect gives to the region a relevant environmental and 
ecological value to be protected and enhanced.

4.1.2 Methods. This case study represents one of the first experimentations of the 
ANP in a spatial domain.

The objective of the analysis was to identify potential ecological corridors, 
which ensure continuity between areas with high environmental and ecological value 
and stepping stones inside the region under analysis. In particular, this study develops 
a decision-making support model based on land use data and information on significant 
ecological areas, including important habitats for target species, wetlands, infrastructural 
impacts and human pressures in order to identify areas of ecological priority and 
potential ecological connections.

Starting from the overall objective of the analysis, a comprehensive set of evaluation 
criteria that reflect all the concerns relevant to the decision problem has been identified 
according to a value-focused thinking approach, which assumes the values as 
fundamental elements in the decision analysis and, based on the values and criteria 
structure, develops and evaluates feasible options (Keeney, 1992).

The criteria considered in the present application were selected based on the 
legislation on protected areas and on sustainability assessments (i.e. Habitats Directive, 
Birds Directive, European Directive on Strategic Environmental Assessment) which 
provide a list of aspects to be considered for the protection of ecological networks. 
Particularly, the selected criteria refer to quantitative ecological and environmental 
indicators and have been clustered in three main groups including factors relevant to 
the physical environment, biotic factors and human pressures (Figure 2).

Highlighting
potential ecological

corridors in the
Piedmont Region

BIOTIC FACTORS

Distance to protected areas
Distance to parks

Distance to wetlands
Fauna distribution

PHYSICAL ENVIRONMENT

Height
Distance to water bodies

Naturalness index
Fragmentation index
Water quality index

HUMAN PRESSURES

Distance to roads
Distance to urban areas

Population density

GOAL

Source: Ferretti and Pomarico (2013)

Figure 2.
The ANP model
for assessing the
ecological
connectivity in
the region



Given the spatial distribution of the considered elements, every criterion has been 
associated to a geographic map where each pixel has a suitability value.

The criterion map thus represents the spatial distribution of the criterion performance 
in reaching the objective. These maps were derived from basic raster GIS operations (map 
overlay, buffering, distance mapping, spatial queries, etc.), starting from public data 
available on the online database of the Regional Authority.

After criteria identification and mapping, standardization was required to make 
factors comparable and was performed by using value functions, i.e. curves that express 
the corresponding value score with reference to the level of objective achievement (Beinat, 
1997). This operation converts the source map factor scores into a given value ranging 
between 0 (minimum suitability and low objective achievement) and 1 (maximum 
suitability and high objective achievement).

In environmental decision-making processes based on the use of SDSS, the interaction 
between stakeholders/experts and the analyst mainly occurs during the value functions 
and weights elicitation step. While the former step is more technical and thus requires the 
involvement of experts in different fields, the latter step could be opened to participation 
of different actors in order to take into account different perspectives on the decision 
problem under analysis.

In the present study, standardization was performed by means of a focus group of 
experts and by using both linear functions and sigmoidal monotonically decreasing 
functions (Eastman, 2006). With the aim of building a multidisciplinary team able to 
approach the complexity of the problem under analysis, the focus group brought 
together experts in the fields of spatial analysis, environmental engineering, landscape 
assessments and sustainability assessment procedures. The different experts discussed 
together in order to achieve a consensus with reference to both the standardization of 
each factor map and the weighting of the elements involved in the decision. In particular, 
the process was facilitated by the analyst and consisted in three subsequent 
phases. During the first phase the panel of experts discussed and validated the 
standardization functions of each factor map; during the second phase the experts 
brainstormed all together about the relative importance of the clusters considered in the 
analysis and finally, during the third phase, each expert answered an individual 
questionnaire about the relative importance of the nodes in the cluster belonging to his 
field of expertise.

Figure 3 presents the standardized maps obtained for all the criteria considered in 
the model while Table I summarizes the final priorities of the factors resulting from the 
evaluation, using the ANP.

The result of the participative procedure adopted for weighing the elements 
highlights that the most important factors in determining the suitability of the  
land to behave as ecological corridor are the “distance to urban areas” (0.22) in 
the “human pressures” cluster and “elevation” (0.20) in the “physical environment” 
cluster.

4.1.3 Results and lessons learned. Once the maps were obtained for each criterion 
and the weights were established, all the information was combined in order to obtain 
the overall suitability map according to the linear weighted combination aggregation 
rule.

In the present study, in order to test the stability of the results and improve the 
decision makers’ awareness with reference to uncertainties and risks associated to the 
decision problem, we generated three different suitability maps by changing each time
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the importance assigned to the three main clusters considered in the decision problem.
The new set of weights for each simulation was defined and discussed during the focus
group; in particular, the different experts were asked to simulate different points of
view in order to have each time one cluster predominant over the others.

Distance to protected areas

Fauna distribution

Elevation

Distance to roads Distance to urban areas Population density

Naturalness index Fragmentation index

Distance to water bodies Water quality index

Distance to parks Distance to wetlands

Source: Ferretti and Pomarico (2013)

Figure 3.
Standardized factor
maps



The first simulation (Figure 4a) shows the situation where the physical 
environment-related aspects have the greatest weight in determining the most suitable 
areas to host ecological corridors; in the second simulation (Figure 4b), biotic factors 
have the greatest importance and, finally, in the third simulation (Figure 4c), the 
human pressure cluster represents the most important aspect. Figure 4 shows the 
results of this “what-if” analysis.

The proposed methodology has thus generated cartographic results to be used as 
decision-making variables during planning procedures.

This result contributes to a better understanding of wildlife dispersal in fragmented 
landscapes, thus providing effective tools for conservation planning (Vuilleumier and 
Prélaz-Droux, 2002).

Moreover, by using the resulting index map as a means of analysis, it is possible to 
identify, for the sake of nature conservation, some critical areas needing mitigation 
measures. In addition, areas with high ecological connectivity values can be identified 
and monitoring procedures can therefore be planned.

In conclusion, the proposed methodological approach for aggregating multiple 
ecological and environmental indicators allowed to:
(1) facilitate a better understanding of patterns that emerge from decision alternatives

involved in the decision-making process; and

(2) provide a mechanism with which complex issues can be thoroughly explored
and immediate feedback to decision makers can be provided (Geneletti and
Ferretti, 2014).

4.2 Case study 2: MC-SDSS for undesirable facility location problems
4.2.1 Setting. The location of undesirable facilities represents a complex decision-
making problem due to the presence of different interconnected elements and of
multiple and conflicting objectives.

Considering the risk of social opposition generally associated with undesirable
facility location problems and the need for justification of the final choice, MC-SDSS
play a fundamental role in this context since they integrate the sustainability dimensions
while offering a systematic approach able to prove the importance of “where” in addition
to “what” and “how much.”

Elements Weights

Clusters
Biotic factors (0.16) Distance to protected areas 0.07

Distance to parks 0.02
Distance to wetlands 0.04
Fauna distribution 0.05

Physical environment (0.54) Elevation 0.20
Distance to water bodies 0.03
Naturalness index 0.10
Fragmentation index 0.07
Water quality index 0.06

Human pressures (0.30) Distance to roads 0.08
Distance to urban areas 0.22
Population density 0.06

Table I.
Priorities of the
elements in the

model
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When dealing with sustainability assessment in an integrated way, a critical issue
is how to combine the different dimensions in the evaluation framework given the
existence of influence mechanisms between the evaluation criteria. Indeed, in urban
and territorial planning, long-term and negative impacts are very often the
consequence of an underestimation of the interactions between criteria related to
economic sustainability and ecological cost as well as to ecological sustainability and
economic cost. A very promising tool for dealing with the existence of interaction
mechanisms is the ANP (Saaty, 2005) since it allows to take into account dependencies
and feedbacks between criteria in order to better reflect the natural dynamics of the
environmental and territorial systems, where links and interaction pathways exist
between individual elements, which can, positively or negatively, affect each other
(e.g. water, air, soil, flora and fauna, etc.).

The present case study illustrates a spatial multicriteria approach to support
decision makers in the siting process of a waste incinerator plant in the Province
of Torino (Italy) (a full description of the case study can be found in Ferretti and
Pomarico, 2012).

The area under examination for the identification of the most suitable sites for the
localization of the municipal solid waste incinerator is situated in the Northeast part
of the Province and is characterized by a very intensive land use due to residential
expansion, industrial and tourism development, transportation infrastructures and
agriculture. Urban settlements, infrastructures, agriculture and natural areas all
compete for space. To complicate matters even further, geomorphologic constraints
reduce the areas suitable for new construction.

According to the Regional Law 24/2002 (Regulations for waste management), the
Provincial Authorities are responsible for the identification of suitable areas for
the location of waste disposal and for the recovery of municipal waste. Particularly, the
procedure for finding a suitable site to host waste disposal facilities is articulated
into five phases, named “planning,” “localization at the macro level,” “localization at the
micro level,” “project” and “authorization.”

The objective of this study was to show the contribution of spatial multicriteria
analysis to support the macro-localization phase, which aims at mapping the “unsuitable
areas” and the “potentially suitable areas.” In particular, the study made use of the public
data available on the cartographic web database of the Regional Authority and simulated
the decision-making process for the elicitation of the preferences of the decision makers.
The objective of the study was thus to provide a preliminary analysis of the land
suitability to host the facility.

4.2.2 Methods. In order to generate a suitability map of the area under analysis for
the location of the municipal solid waste incinerator plant, the present application
followed the process summarized in Figure 5.

In particular, from the methodological point of view, the ANP requires a network
structure to represent the problem, as well as pairwise comparisons to establish the
relationships within the structure. In the present application, the model has been
developed according to the simple network structure illustrated in Figure 6.

As shown in Figure 6, 18 attributes are involved in the computation process,
distinguished as exclusionary (6) and non-exclusionary criteria (12). These last are
clustered in two main groups, including factors relevant to the socio-economic suitability,
and factors influencing the environmental suitability. The considered criteria were
selected based on the relevant international literature (e.g. Kontos et al., 2003; Buenrostro



Delgado et al., 2008; Sumathi et al., 2008; Wang et al., 2009; Geneletti, 2010; Ferretti, 
2011) and on the requirements coming from the legislative framework in the field of 
waste management (Waste Management Plan of the Province of Torino; Provincia 
di Torino, 2006) which provides a list of aspects to be considered for the location 
of waste facilities.

The core of the process consisted in the standardization and weighting of all the 
factor maps. Because both the operations are largely subjective, a focus group has 
been organized where several experts have been involved in order to discuss and 
evaluate the general aspects of the problem. Particular attention has been paid to the

Definition of the decision context and identification of the decision problem

Definition of a panel of experts (economic evaluation, planning, spatial analysis,
environmental engineering, landscape assessment, sustainability assessment

procedures) to support the decision process

Formulation/validation of factors
and value functions

Elicitation of the collective
preferences (weights)

Generation of alternative solution and analysis of the results

Discussion of the results with the panel of experts and search for consensus
alternatives

FOCUS GROUP

Source: Geneletti and Ferretti (2014)

Figure 5.
Flow chart of the
decision support
process

GOAL

Land suitability
assessment for siting a

waste incinerator

Socio-economic
suitability

-Distance to dangerous
industries
-Distance to roads
-Population density
-Residential real estate
-Distance to surface
water
-Distance to human
settlements

Constraints

-Elevation
-Protected areas
-Slides
-Flood areas
-River Basin Watershed
Protection Plan 
-Ground water depth

Environmental
suitability

-Distance to protected
areas
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composition of the team of experts. In order to have a balanced group, different expertise 
were thus involved, ranging from regional planners, to environmental engineers, 
economists and spatial analysts. Given the high number of pairwise comparison 
questions generated by the ANP model, the process was facilitated by an analyst and the 
weighing phase was organized according to two levels: the clusters’ level, for which 
the experts discussed together in order to reach a consensus on the clusters’ weights; 
and the nodes’ level, for which each expert answered an individual questionnaire.

The priorities obtained for the clusters and for the elements considered in the 
analysis are shown in Table II.

4.2.3 Results and lessons learned. The results are obtained in the form of a final 
suitability map with values ranging from 0 (unsuitable areas for the realization of the 
project) to 1 (most suitable areas for the incinerator localization).

In particular, a relevant part of the region was unsuitable for the location of the 
waste incinerator and the areas with the highest suitability values concentrated mainly 
in the central part of the region under examination. As a matter of fact, constraints 
limit the number and the geographical extension of alternatives since, according to 
their definition, they represent the restrictions imposed on the decision-making space, 
thus determining the set of alternatives.

In order to gain a concise understanding of the results and a clear picture to be 
useful for decision makers, the suitability values were aggregated into five classes, 
since too many value classes generate confusion and hamper the applicability of the 
results (Geneletti et al., 2007). The class thresholds were selected by subdividing 
the range of values that occur in the area under analysis into equal intervals. The final 
suitability map has thus been generated and is illustrated in Figure 7.

The conclusions that can be drawn from the proposed application can thus be 
summarized as follows:

(1) The present study has highlighted that MC-SDSSs offer significant support in
the preliminary phase of the siting process (i.e. macro-localization phase), thus
enhancing the efficiency of the performed analysis. The methodological
approach adopted in this first phase of definition of the potentially more
suitable areas provides a significant support to the evaluation and allows to
obtain a useful knowledge base for the subsequent more detailed phase of the

Clusters Factors Weight

Environmental suitability (0.830) Flood areas 0.225
Water quality index 0.036
Index of naturalness 0.089

Slide 0.273
Land use 0.204
Distance to protected areas 0.173

Socio-economic suitability (0.170) Distance to dangerous industries 0.333
Population density 0.264
Distance to human settlements 0.104
Distance to surface water 0.098
Residential real estate 0.026
Distance to roads 0.175

Table II.
Final priorities of the 

decision elements  
(the most important 

elements are 
highlighted in italics)



analysis (i.e. the micro-localization phase), in which it will be possible to select
and compare the most suitable alternatives, shifting from the provincial scale of
observation to the municipal one.

(2) Particular attention needs to be paid to the facilitation of the decision process
given the high number of pairwise comparison questions that the ANP
methodology generates. To this end, recent research trends refer to the use of
facilitated modeling techniques (Franco and Montibeller, 2010) in order to better
support the decision process for real world problems.

4.3 Case study 3: MC-SDSS for exploring opportunities and vulnerabilities of complex
territorial systems
4.3.1 Setting. In the current debate regarding sustainability assessment and integrated
approaches, the spatial analysis of the opportunities and vulnerabilities associated to a
territorial context plays a critical role in supporting land use planning and management.
The purpose of this third case study is to briefly illustrate the potential of the integrated
spatial ANP approach for the definition of future opportunities and vulnerabilities in
a mountain area in Northern Italy (a full description of the case study can be found
in Ferretti et al., 2014).

In particular, the case study considered in the application refers to a small town
named Ormea. This town has a population of 1,750 inhabitants and is located in the
Alpine territory of the Piedmont region, on the border with the Liguria region and
with France.

Legend
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In the past, the city used to be very important from the point of view of the industrial 
activities concerning the production of wool and paper. Moreover, thanks to the 
presence of the railway line, the town was an important tourism center at the international 
level. Nowadays, due to the abandonment of mountain areas, many economic activities 
have been relocated and the tourism sector is suffering. As a result, the town is 
experiencing a deep crisis and new strategies for the development of the area are needed 
(Ferretti et al., 2014).

4.3.2. Methods. Starting from the overall objective of the analysis, which refers to 
the definition of the opportunities and vulnerabilities for the territory of Ormea, 
a comprehensive set of evaluation criteria that reflect all the concerns relevant to the 
decision problem has been identified according to a value-focused thinking approach 
(Keeney, 1992). In this case, opportunities and vulnerabilities have been considered, 
respectively, as positive and negative aspects of the transformation in the long time 
period, for which it is difficult to make any prevision. The spatial distribution of each 
element considered in the analysis has been derived from publicly available data on the 
area under analysis.

Figure 8 represents the ANP decision model framework with a focus on the 
opportunities sub-network.

In the present study, standardization and weighting were performed by means of a 
focus group of both experts in different fields (i.e. economic evaluation, environmental 
engineering and landscape ecology) and real stakeholders coming from the Ormea 
municipality. The advantage was that training a panel of experts allows to overcome
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some difficulties and biases which characterize the decision processes based on a 
single expert.

Through the active participation of all the experts and stakeholders the control 
points used for the standardization of each criterion have thus been defined and all the 
criteria maps have been translated in the 0-1 suitability range. In the subsequent phase, 
weighting was performed on all the considered aspects.

4.3.3 Results and lessons learned. The results of the proposed study are represented 
by two maps highlighting the spatial distribution of opportunities and vulnerabilities 
within the area under examination. These maps represent a first synthesis of 
negative and positive aspects for the region under analysis (Figure 9(a) and (b), 
respectively) and allow to derive useful indications with reference to warning 
spots needing specific mitigation or monitoring measures. As it is possible to notice 
from the results of the analysis, the opportunities and vulnerabilities seem to 
concentrate in the South-Eastern portion of the area under investigation, where the city 
center is located.

The conclusions that can be drawn from the proposed application can thus be 
summarized as follows:

(1) One of the most significant strengths of the adopted methodological approach
is represented by the fact that the evaluation is organized in a learning
perspective. The decision maker thus gains more awareness with reference to
the elements at stake while structuring the model (by means of standardization
functions and trade-offs elicitation) and thus learns about the problems
throughout the decision process (Boerboom and Ferretti, 2014; Ferretti et al.,
2014).

(2) By identifying opportunities and vulnerabilities for the area under analysis, the
adopted approach also allows to foresee different future strategies (scenarios)
for the management and valorization of the entire area. Consequently, different
policy strategies could then be studied and evaluated in order to select the most
sustainable one.

(a) (b)

Source: Ferretti et al. (2014)

Figure 9.
Overall distribution
of the opportunities
(a) and
vulnerabilities
(b) for the area under
analysis



5. Conclusions
This paper has discussed the increasing amount of literature on MC-SDSS as a way of
solving problems in different fields, including land suitability analysis in the urban/
regional planning, hydrology and water management and environment/ecology fields
(Malczewski, 2006; Ferretti, 2013).

The three case studies presented in this paper involved the ANP method for
representing and solving the problem. Many decision-making problems cannot be
structured hierarchically because they involve the interaction of higher level elements
with lower level ones. In other words, the feedback structure does not have the linear
top-to-bottom form of the hierarchy but looks like a network, with cycles connecting its
clusters of elements and with loops that connect a cluster to itself.

In a network model, usually not only does the importance of the criteria determine
the importance of the alternatives but also the importance of the alternatives
themselves determines the importance of the criteria. However, in general, if there is no
feedback, and to reduce complexity, the alternatives can be excluded and the influence
mechanism between the remaining clusters may be examined.

One of the most significant strengths of the ANP-SDSS methodology proposed in
this paper is the awareness of the decision-making elements gained by the actors
involved in the process. This leads to the generation of a learning effect and to an
increased sense of involvement with the problem under analysis. Despite the
advantages observed, the development and use of MC-SDSS also present some
difficulties, such as the effective integration between GIS and MCA. As a matter of fact,
the presence of both tangible and intangible aspects related to the sustainable
development of the built environment and the need to integrate this heterogeneous
information within the same spatial framework represents a key challenge in the
practical use of these tools.

Moreover, another challenge associated to the use of MC-SDSS in participative
processes stems from the operational difficulties of synthesizing a large number of 
(often conflicting) value judgments and thus of proposing inclusive recommendations.

In conclusion, all three case studies highlight the benefits in using this new ANP-
SDSS tool for making appropriate systemic decisions and guaranteeing transparency 
and replicability to the overall evaluation/planning process. In particular, the results 
obtained in the three case studies have shown that the proposed method is suitable to 
represent the complexity of modern territorial systems, where interaction pathways 
and feedback exist between the different components, and where the consideration of 
the spatial distribution of the key elements of the environmental system under analysis 
plays a vital role.
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