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ABSTRACT

One of the crucial issues for Decision Makers wbemsidering transport choices is how
to simultaneously optimize several criteria thdtetanto account technical, economic,
territorial and environmental constraints., Thespré paper proposes the application of
the Analytic Network Process (ANP) methodology $mpporting the decision-making
process related to the implementation of the railwarridor in Italy specifically the
trans-European railway axis from Rotterdam to GeneaCorridor 24). In particular, the
objective of the work is to rank the effects thataday in the construction of the Italian
portion of the corridor would have on the terrigdrsystem. The full range of possible
effects have been identified and grouped into thoesters (socio-economic aspects,
environmental aspects and transport aspects). ™M@ model includes both subjective
and objective elements which also have some irpertdencies. The complexity of the
case under examination made it necessary to coiterdtive experts and manage the
process through a specific focus group and diffegeiestionnaires. The most important
aspects of the decision problem were discoveredrasult of this application.

Keywords: Analytic Network Process, transport isfractures, evaluation, Corridor 24.
http://dx.doi.org/10.13033/ijahp.v4il.1

1. Introduction

Transport policy is a current and serious topicboth industrialized and developing
countries. In the past, further transport investnireities has been supported by arguing
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on the basis of growth allocation and, subsequgemitythe main means to promote
economic development and revitalization of deprtsgeas (Banister, 1994). This topic
has now been broadened to embrace new aspectdy rimopbrtantly, an, enhanced

awareness of the issue of sustainability (Whiteletaal., 2006). For these reasons, the
necessity of decision support tools which are ablsimultaneously consider different
aspects of the problems related to transport phanid getting more and more evident
(Jefferson, 1996).

There are several features of transport problemdsnamdels which must be taken into
account when determining which analytical approthuse (Ortuzar and Willumsen,
2001). To start with, it is necessary to consitierdecision-making contexthis element
involves the adoption of a particular perspectimad requires a choice of scope or
coverage of the system of interest. It also hwpdefine requirements for the models to
be used such as the variables to be included imtiael whether given or exogenous.
Second, thavailability of suitable datdnas to be taken into account. The stability of the
data and the difficulty involved in forecasting ithiiture values must be considered In
many cases the data available will be the key faotaleciding the modeling approach.
Moreover, it is necessary to consider #ecuracy requiredthe state of the art in
modelingand theresources available for the studyith particular reference to the time
involved and thelevel of communication with the decision makers ahd public.
Finally, the data processing requiremengnd thelevels of training and skill of the
analystsmust also be taken into account.

Despite the fact that land use and transport systane closely intertwined, the
integration of planning between these systemsilisfat off for several reasons which
include the controversy of the domain (many inetthel and non-institutional
stakeholders with divergent values and mandates)complexity of the issues, and the
high level of interdependencies. Different instidns that have responsibility in the
domain often have competing mandates. “In thisngga order to create agreement, it is
tantamount to asking institutions to act in wayat thre not consistent with their mandates
and the interests of their immediate stakehold@/géddel, 2011). This is particularly
evident in the case of the project of a Corridartipularly in Italy.

The difficulties emerge around the definition of ttoncept of “corridor”. In the field of
architecture the corridor concept and its perforcearharacteristics are reasonably clear.
Its primary purpose is to give access to a vamétglifferent rooms, areas or activities.
Functionally and economically, it is necessary tildbas short a corridor as possible,
while providing effective access to all accommanlatiequests. The corridor can be seen
as a dynamic space but at the same time as a priodereate a series of experiences. By
contrast, corridors of development and infrastectnay need to perform in a variety of
different ways that are so divergent as to creatdlicts between them (Chapmanal.,
2003). The corridor concept in this sense is naly da definelt is not always clear
which are the territorial areas included in theridor and, as a consequence, which are
the political parties involved in the process. Nallyy the corridor is seen as a
"multifunctional backbone” that includes transpmfrastructure for people and goods,
high-level services (research, logistics, etc.),d athe creation of spatial and
environmental effects all within a framework of sseregional and local policies. This
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very broad definition of "multifunctional backbonebvers a wide range of services to
and from a specific territory where the developmahinfrastructure must be seen as a
strategic driver for the transformation of thatitery and not only as a project that meets
the needs of a particular sector. The definitiom @orridor is not a formalized category
nor is it the outcome of a government decisiorisibne of the many policies where
strategies, clusters and alliances between theusamlayers act (Fubini, 2008). The
corridors can exist as an axis of infrastructummnemic development, urbanization and
institutional development, but these four dimensioshould be viewed as both
qualitatively and functionally very different elems. The dimensions may coexist but
they can also be seen as acting at quite diffeseasies (Romeirt al, 2000). Although
the term "corridor" clearly suggests the conceptafnection and access, it may fail to
adequately represent all aspects (subtle but dyuelated to the above four dimensions.
There is also the problem of scale and scope tlgggests a natural geographic shape, a
linear rather than an institutional structure, ard idea of homogeneity rather than
distinctiveness. While in infrastructure and ingtiinal connections it is clearly desirable
to be able to perform effectively, it's less cléaw such high levels of consistency are
"necessary” in terms of economic development oanidation (Chapmaet al.,2003).

Therefore we think that the use of decision suppaots, like the Analytic Network
Process (Saaty, 2005; Saaty and Vargas, 2006),hwdiie able to simultaneously
consider different aspects of the problem, can liedpstakeholders and especially the
Decision Makers to reflect on the effects of a gatathe construction of the Rotterdam-
Genoa section of the Italian section of the Ro#ierdsenoa corridor (i.e. Corridor 24).
The whole corridor connects areas that are profgudifferent when considering the
four dimensions mentioned above and the effecty theuld have on the territorial
system.

2. Context and objectives of the study

The goal of the trans-European railway axis (TENND) 24 from Rotterdam to Genoa
(i.e. Corridor 24) is the interconnection of ecompievelopment, spatial, transport and
ecological planning. From a European point of vidvere is the need to strengthen links
between countries to facilitate freight transpamsidering that difficulties arising from
geographical context with orographic obstacles, inthtnative barriers and
characteristics of the railway infrastructure after not compatible with each other. The
project area of Corridor 24 covers a number ofrtfeest important economic regions in
Europe, crossing the Netherlands, Germany, Swétadrand Italy, and linking the North
Sea port of Rotterdam and the Mediterranean po@esfoa with a catchment area of 70
million inhabitants and operating 50% (700 millitcons/year) of the north-south rail
freight (Figure 1).
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Figure 1 The trans-European railway axis Corridbfsburce: www.code-24.eu)
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The European Union's objective is to double by 20@0capacity of rail transport on the
axis in order to encourage a modal shift of freigitrail. The main projects relating to
this objective are the Swiss rail tunnel Loetschliepened in 2007), the Gotthard tunnel
(the last wall was torn down in October 2010 arelttimnel will be operational by 2017),
and Mount Ceneri tunnel (which is expected in 2020k overall objective is to jointly
develop and accelerate the transport capacityettitire corridor by ensuring optimal
economic benefits and spatial integration whileucitly negative impacts on the
environment at both the local and regional levBisfocusing on regional aspects in the
corridor area and joint development strategies ptiogect will strengthen the position of
regional actors and stakeholders within the extireidor.

There are still many problems that exist despit¢hefimportance of this connection in
terms of freight traffic and passenger transporsEnproblems include infrastructure (as
many sections do not have adequate capacity oftifumicg in the corridor),
management, due to the presence of different tomhsgrvices (freight, long distance,
local traffic), and a lack of coordination and mueerability at the trans-regional level.

It is a priority to attain state of the art infragiture and maintain the minimum quality
standard along the corridor in order to continue tse of the network however this is
currently not completely satisfactory. In Italipetold and poor connection between the
port of Genoa, the Lombardy Region and the Swissidstomakes it necessary to
transport goods using the road network with evidenvironmental and territorial
problems. In fact, since many systems are impleimgtiknots systems”, the increase in
speed must be great enough to accommodate theagecia the capacity required to
produce benefits to all transport modality. In autar, in Italy, the bottlenecks mainly
involve the access to Lotschberg and Gottardo agilMunnels, the doubling of the
existing lines and their adaptation to freight, itth@rovement of some critical nodes (first
of all the port of Genoa), and the overcoming ef Apennines barrier (“Terzo Valico dei
Giovi").

The obsolescence of railway lines and the lackiradricial resources are not the only
critical issues limiting the development of the awre24 in Italy; the capacity

utilization of the logistic terminal in Milan, inhe Lombardy region, which is now
sufficient will become inadequate for the new Ewap requirements by 2015 and,
therefore the development of a North-West Italyeintodal transport network will be

necessary to remain competitive in the Europeanast®(Figure 2).
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Figure 2 North-West Italy planned railway infrastiure (source: OTI Nord Ovest, 2010)
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Major bottlenecks, a lack of trans-regional cooatiion, diminishing consent among the
involved population, and increasing difficulties chase of doubts about financial
resources still threaten the potential of the awig€urope, limiting its economic and

spatial development. The Italian situation howeasgparticularly worrying because Italy

lags behind in the implementation of the corridathwespect to the rest of Europe. The
European routes will be finished at the latestO2® but in Italy the projects that have
already obtained financial support risk not beiogpleted by that deadline.

According to the studies conducted by the Europ&anking Group of Corridor 24, in
an optimistic view, Italy may be able to compldte planned works in the Alpine zone,
but not those of Ligurian ports and the south Pdieyaln this case, the increased
permeability of the North Italy would not be compated by a port development, causing
the "conquest" of Valley and the isolation of thigurian Ports from Europe. However, a
pessimistic view, which envisions a general delaythe realization of the planned
infrastructure (tunnels, railway lines, ports) ifartunately considered more probable.

From this complex panorama the main issues causiagoottienecks in the corridor
emerge including public acceptance, noise, landagament and landscape design,
functionality of intermodal hubs and operationgbexgs as well as the management of
planning processes and the financial issues retatetgjor infrastructures. For all these
reasons, removing existing bottlenecks requiresopEration across political,
organisational and technical bodies, focussing o@mr fmain topics: i) railway and
settlement development; ii) environmental issu@siniegrated management of logistics;
and iv) communication and stakeholder involvemeratsgies. Extensive collaboration
along with the use of evaluation methodologies ablesupport the decision-making
process have to be explored and tested in the afezmnflict regarding local planning
competencies and over-regional spatial planningeiss

The construction of European transport infrastmagus a complex topic where new
values have to be taken into account. It is ngbexific question of localisms, nor is it
merely an issue of moving goods and people. It does simply affect only
environmental, transport-related or town plannisgegts. Tackling the issue of large-
scale infrastructures involves dealing with a matelecision elements which require
new trans-disciplinary approaches. Currently, tmedfmental issue connected to large-
scale infrastructures seems to be related to tfieitien of the underlying agreements,
rather than to the construction itself (Bertol@2@01; Lami and Staffelbach, 2008).

In this context, the ANP could provide a very usefupport in the decision-making

process because it allows the different elementth(bangible and intangible) of the

problem to be represented according to a networdeln@and it allows the judgements of
experts as well as existing measurements andtigtsitis be considered in the analysis.

In territorial transformation processes (charaetsti by a long term nature), where
different actors are associated in a dynamic contmme indefinite issues will need to
be negotiated according to future evaluations ateimpts made to mediate between
opposing positions that can change during the iecigrocess. Through the use of the
ANP, it becomes possible to compare different dbjes, interconnected among each
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other, and measurable with different units of measiurthermore, the analysis makes it
possible to identify new definitions of the probl¢Botteroet al 2008).

This paper proposes the application of the ANP oufogy for supporting the decision-
making process related to the critical issues toald arise from a significant delay in
the implementation of the Italian section of Caori@4. The starting point of the ANP
application is the idea that the possibility of rmatving properly upgraded the Italian
railway lines when the Swiss tunnel Gotthard anduMdCeneri will be working would
bring the railway system in Piedmont and Lombardyaipid saturation, and the Ligurian
ports would lose competitiveness in Europe. Inipaldr, the lack of a functional link
between the port of Genoa and the railway networthé hinterland could relegate the
Ligurian port to a marginal role with respect te tmajor ports of Northern Europe,
which are organizing an efficient rail connectiointhmtheir hinterland. In order to
investigate this situation, this paper proposeside the ANP not to assess different
alternatives, but to examine and compare the mgpeds of the problem and to rank
them. It is an unusual use of the methodology,pauticularly efficient in a case where
there is a lack of exhaustive transformation sdema@nd, at the same time, detailed
information on key aspects of the decision problsravailable. This application of the
ANP is part of an Interreg IVB NEW Project, call&@dode24”, involving 15 partners
from 5 Countries for 4 years (2010 — 2013).

3. Development of the model
3.1 The ANP-based approach

Territorial transformation processes refer to atidimhensional concept that includes
socio-economic, ecological, and technical perspestiand thus leads to issues that are
simultaneously characterized by a high degree oflicg complexity and uncertainty.
Particularly, when speaking about transport plagnimany objectives have to be
considered in the decision making process. Thesgci®es range from the
rationalization of the mobility system to the retioic of soil consumption, from the
promotion of economic activities to the cut of poilution due to traffic emissions, and
from the endorsement of energy efficiency to tleedéase in the quality of public spaces.

The assessment of alternative scenarios of trang@nning is therefore a complex
decision problem where different aspects need tedmsidered simultaneously, taking
into account both technical elements, which areetbasn empirical observations, and
non-technical elements, which are based on so@a&ins, preferences and feelings. In
this context, the ANP method provides a very useifd which allows the different
elements of the decision problem to be represemthide also considering their
interdependent relationships. The network structfrANP makes it possible to model
the various aspects at stake without being condeat®ut what comes first and what
comes next. This way of representing the problenth fiewer constraints than the
structure imposed by the Analytic Hierarchy Procgaaty, 1980), is more similar to
real situations where the elements act in a noratdkical way. A very large and
consolidated amount of literature concerning thePA&kists in different fields. With
regards to transport planning, applications of Al&del have been used for selecting
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optimal routes and for designing new corridors fRiaakulchai, 2005; Tuzkaya and
Onut, 2008).

From a methodological point of view, the ANP regsia network structure to represent
the problem, as well as pairwise comparisons tabdish the relationships within the
structure. In order to develop an ANP model, itésessary to carry out five fundamental
steps.

Step |: Development of the structure of the denisiaking process

First the decision-making structure must be defittredugh the recognition of its main
objective. The objective should later be dividetigroups (“clusters”) that are made up
of various elements (“nodes”), and alternativesoptions. Second, the relationships
between the different parts of the network mustidentified. Each element can be a
“source”, that is, an origin of a path of influence a “sink”, that is, a destination of a
path of influences. There are two possible strestufior an ANP model, a “simple”
network and a “complex” network. The “simple” netlkas a free-modeling approach,
which is not supported by any guide or pre-deteeahistructure. It consists of a network
which has cycles connecting its components andop that connects a component to
itself. The “complex” network or BOCR (Benefits, fptunities, Costs, Risks) network
allows one to simplify the problem by classifyingsiles in traditional categories of
positive and negative aspects (Saaty and Ozde®@8)2 The favorable concerns are
called benefits, while the unfavorable ones aréedatosts; the uncertain concerns of a
decision are the positive opportunities that theisien might create, and the negative
risks that it could entail. Each of these four @me utilizes a separate structure for the
decision. A full BOCR is in some ways similar t&8/OT analysis. While the BOCR
model is expected to catch all the aspects (pesdivd negative) of the decision in the
present and future, the SWOT analysis focuses morghe external and internal
elements of the problem (Wijnmalen, 2007).

Step Il: Pairwise comparison

As in the AHP, a series of pairwise comparisons ragele to establish the relative
importance of the different elements with respec tertain component of the network.
In the case of interdependencies, components with dame level are viewed as
controlling components of each other. The compassare made with the Saaty's
Fundamental Scale. The numerical judgments edtaldigt each level of the network
make up pair matrices. The weighted priority vedwrcalculated through pairwise
comparisons between the applicable elements. Téddor corresponds to the main
eigenvector of the comparison matrix (Saaty, 12803). The eigenvector method yields
a natural measure of consistency. Saaty (1980hetbfine consistency indegl) as in
Equation (1):

Cl = (A —n)/(n-1) ()

wherelma is the maximum eigenvalue ands the number of factors in the judgment
matrix. Accordingly, Saaty (1980) defined the cstesicy ratio CR) as in Equation (2):
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CR=CI/RI (2)

whereRl is the consistency index of a randomly generagegrocal matrix from the 9-
point scale, with forced reciprocals. Saaty (19883 provided average consistenciek (
values) of randomly generated matrixes (up to 11 size) for a sample size of 500. The
consistency rati€CR is a measure of how a given matrix compares taraly random
matrix in terms of the consistency index. A valdettee consistency rati€R < 0.1 is
considered acceptable. Larger valuesCi& require the decision-maker to revise his
judgments.

Step lll: Supermatrix formation

The supermatrix elements consider the interdepenet that exist among the elements
of the system and allow a resolution to be madis. dt portioned matrix where each sub-
matrix is composed of a set of relationships betwaaad within the levels, as represented
by the DM’s model (Step I). The supermatrix obtdine this step is called the initial
supermatrix, and it contains all the eigenvectdrat tare derived from the pairwise
comparison matrixes of the model. The eigenvectomioed from a cluster level
comparison with respect to the control criteriomplied to the initial supermatrix as a
cluster weight. The result is the weighted superimat

Step IV: Final priorities

In this step, the weighted supermatrix is raised limiting power, as in Equation (3), in
order to converge and to obtain, as stated in #reoR-Frobenius theorem, a long-term
stable set of weights that represents the finakpyivector.

limwk
e ©)

In the case of the complex network, it is necessargynthesize the outcome of the
alternative priorities for each of the BOCR struetiin order to obtain their overall
synthesis; for this operation different aggregafmmulas are available (Saaty, 2005).

Step V: Sensitivity analysis

The fifth and final step involves carrying out thensitivity analysis on the final outcome
of the model in order to test its robustness (SRaWy., 2003). With particular reference
to the application of the ANP proposed in this pagiee ANP is not used as a method to
determine a priority list of the different alterivas in the decision problem, but as a
structured procedure that is able to support thalysis in the identification of the
principal aspects to consider in order to comededgision (Bottero and Lami, 2010).

This choice is due to the current issue in the dileci process where despite the
importance of developing the Corridor 24 being @éfily shared by all government’s
levels, the planning choices are struggling to fieal implementation. Therefore it is not
possible to affirm that there are real alternatiokimtervention. What is clear instead is a
general concern regarding this stalemate in Italpgared to the actions in the rest of
Europe. In order to translate these concerns iot@rete elements, a decision has been
made to apply the ANP methodology in order to aahieal choices for infrastructural
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and track interventions In other words, in the présstudy the ANP model has not been
applied with the aim of ranking different optiomsthe context of the development of the
Corridor 24. Instead, the overall object of thelgsia is to determine a priority list of the
effects that a delay in the construction of thdéidtaportion of the corridor will have on
the territorial system. In this sense, the ANP @&iasof a simple network where the
different elements and their reciprocal relatiopshare represented and linked with the
aforementioned goal (Nekhay al, 2009). The model has been developed by meaas of
specific focus group where seven experts in théemifit fields (most of whom are
currently involved in the “Code24” European Projesbrked together to compile the
pairwise comparison matrices.

3.2 Structure of the network

In the case considered in this paper, the developofehe model involves a cluster and
node comparison. In fact, as already mentionedobiective of the performed analysis is
not to find the best solution or scenario for tbhastruction of the transport network, but
to identify what the critical issues are that caseafrom a delay (or failure to complete)
of the Italian section of the European Corridor 24.

The full range of effects related to the delay anstruction have been identified and
grouped into three clusters, namely socio-econ@sjmects, environmental aspects and
transport aspects. These aspects represent theissa@s of the decision problem under
investigation. The first cluster refers to the @msences that a delay in the construction
of the infrastructure could have on the social andnomic system, including the real
estate market, employment, the attractivenesseofagion, and the volume of trade. As
far as the environmental aspects are concernedrlgsis takes into consideration the
problems that could result from a failure to congleonstruction of the new railway
connection which would leave a large part of thaffit on the road network The
environmental effects include a variation of thevimmmental quality (air and noise
pollution), energy consumption, and use of the. $oilally, the transport aspects refer to
the adverse consequences that could be expectid amfrastructural system, including
road congestion, the costs of transports, thetteigwvel time and the reliability of the
services. The nodes are explained in Table 1.

Table 1
Clusters and nodes of the model

Clusters Nodes Description

Increase in acoustic

emission The increase in noise is due to the passageasfia Amount of trucks.

The increase in air pollution is due to the roadgastion, particularly

Increase in air pollution .
in urban areas.

Environmental

aspects ;
Increase In enérgy The energy consumption is related to the use wht@imotor vehicles|.
consumption
Increase in soil The necessity of new roads causes an increase gottsumption of
consumption soil.
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Table 1 (cont'd)
Clusters and nodes of the model

Clusters Nodes Description

The decrease in market value is due to the perdpkéect due to the

Decrease in property value .
property lack of good connections.

[2)

The reduction of the existing jobs or, at ledst, absence of new job)
is related to less interest by companies fordhés.

o

Lack of employment effect

Socio - Economic
aspects The companies, factories, offices prefer in genenadry well
connected location and for this reason they wilest in different

areas.

Lower level of
attractiveness

The reduction is due to the increase in transpastscand to extra time

Reduction of trade
of travel .

The congestion of the road network is due to tiesiased passage 0

Congestion of road networ the trucks without an effective alternative by rail

Increase in costs of The increase in costs of transport is expectedaltlee costs of fuel
transports and toll.

Transport aspects | |ncrease in freight travel | The increased passage of trucks and t consequkatbongestion of

time roads causes an increase in freight travel time.

The risk of an incident is greater in the road $paort than in the rail
Less reliable service transport, so the freight risk of freight damagécreased and the
service is less reliable.

Once the elements of the decision problem weraiggethe relationships among them
have been established. Finally, all the elementkerclusters have been connected to the
goal of the evaluation that has been organizedninaaonomous cluster. Figure 3
represents the decision network of the problem uedamination.

GOAL
Individuation of the most important critical
issues due to the delay in the realization
the Italian portiol of the Corridor2

Ny

ENVIRONMENTAL ASPECT TRANSPORT ASPECTS
- Increase in acoustic emission; - Congestion of road network;
- Increase in air pollution; - Increase in costs of transport;
- Increase in energy consumption - Increase in freight travel time;
- Increase in soil consumption. - Less reliable service.

N

SOCIC-ECONOMIC ASPECT¢
- Decrease in property values;
- Lack of employment effect,
- Lower level of attractiveness;
- Reduction of trade.

Figure 3 Decision network of the problem
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3.3 Pairwise comparison

According to the ANP methodology, after having staned the decision network, the
second step of the analysis consists in creatiagptiirwise comparison matrices. It is
important to highlight that there are two levelspairwise comparisons in the ANP, the
cluster level, which is more strategic, and theentedel, which is more specialized. The
model has been developed by a specific focus gndwgre experts in the different fields
worked together. The focus group included differexperts in the fields of transport
infrastructures, environmental assessment, urbannplg, economic evaluation and
social sciences. The focus group had the dual gerpbhelping to structure the decision
problem taking into account the feedback and sugmescoming from the experts, and
to compile the pairwise comparison matrices in otdecome to a coherent result. We
first asked every expert to write down their indival judgments for each question. The
given judgments were then illustrated and discusseithie focus group until a shared
weight was achieved. According to the ANP methogdgldn pairwise comparisons, a
ratio scale of 1-9, that is the Saaty's fundamestalle, is used to compare any two
elements translating qualitative variables in nuca¢rvalues andiice-versa(Table 2).
The main eigenvector of each pairwise comparisotmixnagpresents the synthesis of the
numerical judgements established at each levéleohétwork (Saaty, 1980).

Table 2
Saaty's fundamental scale
Value Definition Explanation
1 Equally importar Two decision elements equally influence the padesision elemer
3 Moderately more One decision element is moderately more
important influential than the other.
5 Much more important ~ One decision element has more influence than ther ot
7 Very much more One decision element has significantly more infaeeover the other.
important
9 Extremely more The difference between influences of the two denigilements is
importan extremely significan

2,4,6, Intermediate judgment Judgment values between equally, moderately, nuesly,much and
8 value extremely.

In the presented application all the calculatioagehbeen implemented using tBeper
Decisionssoftware (www.superdecisions.com).

The questions that were generated considering d@ivipe comparison at the clusters
level were similar to the following: Among th&titical issues due to the delay in the
realization of the Italian portion of Corridor 24"which of these two aspects do you
think is more important? To what extent?
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Environmental Aspects Socio-economic Aspects

more

more
important

more
important

more
important

important
more

Extremely
more
important
Very much
Much more
important
Moderately
important
Equally
important
Moderately
Much more
important
Very much
Extremely

In this context, the weight that has been assigodte socio-economic aspects reflects
the economic expectations attributed to the coastnu of the corridor, such as the fear
of becoming peripheral in the European contexthw tlecrease in the capacity of
attracting new economic activities. These expemtatiare considered much more
important than the environmental issues.

Another example of a question generated at theaeshisevel is as follows: Among the
“Critical issues due to the delay in the realizatafrthe Italian portion of Corridor 24",
which of these two aspects do you think is moreargnt and how much more?

Environmental Aspects Transport Aspects

more

more
important

more
important

important
more

more
important

Extremely
more
important
Very much
important
Much more
important
Moderately
Equally
important
Moderately
Much more
important
Very much
Extremely

The weight that has been assigned to transportisjgemuch more important than the
environmental aspects. This reflects the opiniat the implementation of the links in
Europe is fundamental.

Once the cluster comparisons have been conduttednécessary to study the problem
in depth through the analysis of the elements. Thestions that were generated
considering the pairwise comparison at the nodesl leere similar to the following:
with reference to the environmental aspects, antbadCritical issues due to the delay
in the realization of the Italian portion of Cordéd 24", which of these two elements do
you think is more important and how much more?

Increase in air pollution Increase in acoustic emigon
>0 ¢E S5e¢c Qe 20 € >c 20 c Qe S5e¢c >0 E
g5 g Scg S g 258 T8 258 S8 Scs g5 g
sf5 Ef3 3 Ef§ 3@ §f% f3 EFy ges
= > o k] w k] o > 2 = 2
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> = = = = >
International Journal of the Vol. 4 Issue 1 2012

Analytic Hierarchy Process 54 ISSN 1936-6744



IJAHP Article: Abastante, F., Bottero, M., LamiMI/ Using the ANP for Ranking the Critical
Issues of a Transport Decision Problem

In this case the weight that has been given tathpollution reveals the general opinion
that the atmospheric quality is more important tthenacoustic one, even if, according to
the sector literature, the increase in acousticssionis can be seen as the cause of the
main social costs due to the presence of a transg@structure.

Another example of a question generated at thesledel is as follows: with reference
to transport aspects, among tl@ritical issues due to the delay in the realizatafthe
Italian portion of Corridor 24", which of these two elements do you think is more
important and how much more?

Congestion of road network Increase in costs of tresport

more

more
important

more
important

more
important

more
important

Extremely
more
important
Very much
important
Much more
important
Moderately
Equally
important
Moderately
Much more
important
Very much
Extremely

According to the evaluation performed, the incre@seost of transport is considered
much more important than congestion of the roaevoidt by the focus group. This is
because the increase in cost is related to theesting of road network. In fact, if there
is congestion, there will be also an increasedndport time and therefore an increase in
cost of transport due mainly to fuel expenseshindevelopment of the model, a great
deal of attention was given to check the consistémiex of the pairwise matrixes. In the
full range of cases this index was less than Odrdier to ensure the acceptability of the
model.

3.4 Final results

From the cluster level comparison it is possibledtive the cluster matrix, which

represents the importance of the general aspetite afecision problem (Table 3). In the
case under examination, the socio-economic aspents given the highest importance
(0,649), followed by the transport aspects (0,280) finally by the environmental

aspects (0,071).

Table 3
Cluster matrix
. Socio-economic
Goal Environmental Aspects| Aspects Transport Aspects
Goal 0,000 0,000 0,000 0,000
Environmental
Aspects 0,071 0,000 0,000 0,152
Socio-economic 0,649 1,000 1,000 0,606
Aspect:
Transport Aspec 0,28( 0,00( 0,000 0,24:

The totality of the eigenvectors that are derivednfthe pairwise comparison matrixes of
the elements of the model forms the unweightedrsugigix (Table 4). The abbreviations
used in this table refer to Figure 3.
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Table 4
Unweighted supermatrix
Goal Environmental Aspects Socio-economic Aspects Transport Aspects
G El E2 E3 E4 S1 S2 S3 S4 T1 T2 T3 T4
Goa G| 0,00C 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
) E1 | 0,08t 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00( | 0,10 | 0,00 | 0,00 | 0,00
i"e‘r’:{;’l" E2 | 0,22¢ 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00( | 0,22¢ | 0,00 | 0,00 | 0,00
Aspects E3 | 0,61¢ 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00( | 0,67¢ | 0,00 | 0,00 | 0,00
E4 | 0,07¢ 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00 | 0,00
- S1 | 0,05¢ 0,00C | 1,00 | 0,00 | 0,00C | 0,00( | 0,00 | 0,00 | 0,00 | 0,16€ | 0,00 | 0,00C | 0,00
Sggr']‘;mic Sz | 0,16t 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00 | 0,00
Aspects Sz | 0,38¢ 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 1,00( | 0,832 | 0,75( | 0,75( | 0,00(
S4_| 0,38¢ 0,00C_| 0,00 | 0,00 | 0,00C | 0,00( | 0,00 | 0,00( | 0,00( | 0,00 | 0,25( | 0,25( | 1,00
T1 | 0,30 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00( | 0,00( | 0,00 | 0,00 | 0,08 | 0,00
Transport | T2 | 0,08 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,73z | 0,00(
Aspects T3 | 0,19 0,00C_| 0,00 | 0,00 | 0,00C | 0,00( | 0,00 | 0,00 | 0,00( | 0,00 | 0,00 | 0,00 | 0,00
T4 | 042 0,00C | 0,00( | 0,00 | 0,00C | 0,000 | 0,00 | 0,00( | 0,00( | 0,00 | 0,00 | 0,18 | 0,00

The cluster matrix is then applied to the unweidhgapermatrix as a cluster weight and
the result is the weighted supermatrix (Table 5).

Table 5
Weighted supermatrix
Goa Environmental A Socic-economic A Transport A
G El E2 E3 E4 S1 Sz e 54 T T2 T3 T2
Goal G 0,000 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 000( | 0,00 | 0,00¢
) El 0,00t | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,02 | 0,00 | 0,00C | 0,00¢
Environ- [E2 0,01¢ | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,04t | 0,00( | 0,00C | 0,00€
mental E3 0,042 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,13 | 0,00( | 0,00C | 0,00€
E4 0,00¢ | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00( | 0,00( | 0,00C | 0,00¢
. S1 0,032 | 0,000 | 1,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,13: | 0,00( | 0,00C | 0,00€
Socio- = 0,10¢ | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00( | 0,00( | 0,00C | 0,00¢
economic | 52 0,25 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 1,00 | 0,66¢ | 0,75( | 0,53t | 0,00€
= 0,252 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00( | 025 | 0,17¢ | 1,00€
T1 0,082 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00( | 0,00( | 0,02 | 0,00¢
T [ 0,02 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00( | 0,00( | 0,206 | 0,00€
ransport =3 0,052 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00( | 0,0( | 0,00C | 0,00¢
Ta 0,117 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00( | 0,00( | 0,05: | 0,00¢

Finally, the weighted supermatrix is raised tanaiting power in order to converge and to
obtain a long-term stable set of weights that regmes the final priority vector (Figure 4).

Increase in acoustic emissions(E1)
Increase in air pollution (E2)
Increase in energy consum ption (E3)
Increase in soil consum ption (E4)
Decrease in property values (51)
Lack of emplovm ent {52)

Lower level of attractivness (53]
Feduction of trade (54)
Congestion of road network (T1)
[ncrease in cost of fransport (T2)
Increase in freight travel time (T3)
Less reliable service {T4)

0443

- 010002000300 0.4000.50006000.7000.83000.900 1.000

Figure 4 Final priority vector of the elements lné tmodel
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4. Discussion of the results and conclusions

The results of the ANP model as shown in the gsiaréctor of Figure 3 highlight some
interesting findings that can be summarized as¥igdl The most important effect that the
delay in the realization of the corridor could puod is the “lower level of attractiveness”
element (0,443), which belongs to the “socio-ecaicoaspects” cluster. This effect is
approximately as important as all the other elesienmbined. The second effect in the
priority list is the “reduction of trade” elemer?,229) in the “socio-economic aspects”
cluster. It is possible to say that the two aforetiomed elements are independent but
strongly interrelated in determining the potentialeats on the territorial system. The
third element in order of importance is the “Leskable service” element (0,070) which
is part of the “transport aspects” cluster. It igportant to note that the reliability of
service has been considered by the experts inoities fgroup more important than the
freight travel time and the costs of transports lalso important to mention the fact that
the elements belonging to the “environmental asiettister have been given a very low
importance. This can be explained in two differematys. To start with, it is possible to
suppose that the freight volume will decrease bezad the segregation effect due to the
absence of the corridor axis. Secondly, the enuiemtal effects are not a crucial point in
the decision problem under examination becausewloeyd also be very high in the case
of the construction of the corridor, considering giresence of the high speed rail.

The aforementioned considerations show that theltsesf the technical focus group
reflect the concerns of the overall political clag®ut the role that Italy could play in the
international context. In fact, even if the projecider examination refers to a transport
infrastructure, the most important effects that aoeld expect from the delay in the
construction of the corridor have a socio-economaittire and are not related to transport
aspects or spatial planning considerations. Thiscdasistent with other technical
transport studies within the “Code24 project” tfatus on the fact that North-West Italy
is late compared to the rest of Europe in its etqueconclusion of the work along the
Corridor 24 (2020). It is possible to suppose & sfrategic level, three extreme and
provocative scenarios at that time (Carrara anadAen2011):

1. Work not finished: ltaly gets "isolated”, with lossf accessibility to the
economic system of the Pianura Padana; the Ligydats are just ports of the
Pianura Padana; with loss of competitiveness bf; Ita

2. “Alps” work finished, “Ligurian” work not completeditaly gets “conquered”.
This could represent an increased permeability hef Alps; Northern ports
enlarge their hinterland in the Pianura Padanalagdrian ports are isolated
from Europe;

3. All work finished: Italy becomes a"gateway of Euedp with an increased
connection between ltaly and Europe and a greatempetitiveness of the
Ligurian ports (well linked to the inland) in Eur@p

In terms of scientific contribution, the developewdel has offered a creative way of
combining many detailed criteria in an evaluatitrdg and synthesizing them to obtain a
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priority list of the most important effects that delay in the construction of the
infrastructure could produce on the territorial teys. Moreover, the ANP-based
application succeeded in bringing together a hgeeous decision-making group made
of specialists coming from different fields of exiige related to transport activities and
forcing them to discuss and to evaluate the catefithe model.

The ANP methods proved to be suitable in dealinth wlecision problems related to
transport planning for several reasons. To stat,wihe methodology allowed the most
important elements of the decision problem to lghlighted through a transparent and
traceable decision-making process thus facilitadieliperation. Second, the methodology
supported communication with the DMs and grantechitual understanding. More
generally, it can be said that the ANP can be Ugedpplied within the context of the
stakeholders-driven or institutional approach tansiport project evaluation. Policy
makers can use the findings resulting from theiegfbn as input for designing formal
decision-making processes geared towards inclugtaigeholder’s objectives in transport
project evaluation (De Bruckest al., 2004). Apart from the aforementioned advantages
that are a result of the application of the ANRdmplex decision environments, one of
the most significant strengths of the adopted nulumy is represented by the fact that
the DM gains more awareness of the elements a¢ sthke structuring the model and
thus learns about the problems while solving thBottéroet al.,2010).

There are still a number of opportunities for exgiag the study and for validating the
obtained results. First, it would be of scientifiterest to implement the ANP model on
the whole corridor, including organizing differeioicus groups with all the partners of
the Code24 project. Second, even though the uskizaly logic in AHP and ANP
methodologies is quite controversial, future resiearould explore this approach in the
development of the model. In particular, the fuzagic could be useful in a group
decision making context for the aggregation of tliferent preferences. It could
therefore be very interesting to investigate the ab fuzzy numbers in the pairwise
comparison process (Liu and Lai, 2009) in ordetoterate vagueness and ambiguity in
the evaluation. Finally, the application of the RNhodel could be enriched by specific
visualization tools that are of great importance goesenting and communicating the
results of the analysis to Decision Makers andrterest group (Lami, 2011).
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