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Abstract

This sudy ams to offer an gpplicable evduation framework for assessng project aternatives
by employing different Multicriteria Evaduation Methods as a tool to reduce conflicts in a
decison making process.

The firg pat of the pagper condsts of a brief survey of the great diversty of modem
assessment methods that have been developed over the last ten years. This helps to provide a
persoective for procedurad types of decisons in which various quditative and quantitative
aspects are incorporated. This paper initidly focuses on three recently developed techniques,
viz. Regime andyss, the Andytica Hierarchic Process (AHP) methods and the Fag modd.
In the second part of the paper, the above mentioned multicriteria methods are gpplied to a
‘red-world’ case concerning the design of a new road network in the area of the Cilento
Nationd Pak in Itay.
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1. Modern Decison Support

In modern policy anadlyss we witness an increasing emphass on andyticd Decison Support
methods. After the populaity of cod-benefit andyss and rdated financia-economic
evauation methods (such as codt-effectiveness, compensatory methods, survey methods) we
have seen an incressing and widespread use of multicriteria methods. Such methods are
cgpable of deding with the multiple dimensons of evaduation problems (eg. socid, culturd,
ecologicd, technologicd, inditutiond, etc) and give due atention to interest conflicts among
various dakeholders in a planning process. They am to combine assessment techniques with
judgement methods and offer a solid andyticadl bass for modern decison andyss. Ther
popularity is reflected in the grest many multicriteria methods that have developed over the
past decades.

The peper ams a highlighting the potentid of a merger of three recently developed
techniques, viz. Regime andyds, the Andyticd Hierarchic Process (AHP) methods and the
Flag modd. Based on these joint methods, it presents an empirica gpplication for sustainable
road planning, in ltaly.

2. Multicriteria Analysis as a Decison Support System in a Complex Decision-
Making Process.

21, General

In the framework of discrete choice andysis with conflicting judgement criteria, a wide

vaiety of evauation methods have been developed in the past decade. These methods serve

to make a complex multidimensgona choice problem more trangoarent. They are usudly

cdled multiple criteria methods, and they pay particular atention to magor condituents of

choice problems, including:

« the identification of relevant choice options

« the definition of agppropriate evaudion criteria (emanating from conflicting objectives)

e assessment of the numerical value of each evauaion criterion for each choice option

+ the collection of measurable prior information about each of the relevant decison criteria
(eg. by means of weights or interactive computer methods)

« the identification of the relevant decison levd or of the proper inditutiond decison
procedure (in case of a multi-actor choice Stuation)

« and the specification of a suitable measurement scale for the available information (eg.
ratio, ordind or fuzzy information).



In the fidd of multiple criteria andyds, a whole series of different quantitative and quditative
evauation methods has been developed. It includes:

« the egenvdue (or prioritisation) method (see Saaty, 1977; Lootsma, 1980)

« the extreme expected vaue method (see Kmietowicz and Pearman, 1981; Rietveld, 1980)
« the permutation method (see Mastenbroek and Paelinck, 1977)

+ the frequency method (see Van Ddft and Nijkamp 1977)

« the multidimensona scaling method (see Nijkamp and Voogd, 1981)

« and the mixed data method (see Voogd, 1983).

We will focus our atention on three particular multicriteria methods based on both ordinal
and mixed ordind-cardind data the Regime method, the Saaty method and the Hag mode
They dl will be concisdly discussed in Sections 2.2- 2.4.

2.2, Regimeanalysis

The Regime andyss is a discrete multi-criteria method (Nijkamp e d., 1990). The
fundamentd framework of this multi-criteria method is based upon two dandard kinds of
input datac an evaudion marix and a set of politicad weghts The evaduation matrix is
composed of eements that measure the effect of each dternative consdered in redion to
esch relevant criterion. The set of weights provides information about the relative importance
of criteria to be considered.

Regime andysis in its quditative verson is an ordind generdistion of par-wise comparison
methods that can examine quantitative as wedl as quditaive data. In Regime andyss, as in
concordance andyds, we compare dl dternatives of dl criteria in order to define and
cdculate the concordance index. Let us consder, for example, the comparison between
dternatives | and j for dl criteria The concordance index will be the sum of the weghts
related to the criteria for which dterndtive i is better than j. We will cdl this sum c;;. Then we
may caculate the concordance index for the same two dternatives by consdering the criteria
for which j is better than i, i.e. ¢ After having caculated this sum, we subtract the two vaues
to obtain the index L = ¢ = ¢ When we have only ordind information about the weights, our
interest is in the sign of the index ;.

If the Sgn is pogtive, this will indicate that dterndive i is more atractive than dternative j; if
negative, it will imply the reverse. We will, therefore, be able to make a ranking of our
dterndives. This ranking is possble due to the ordind nature of the information. In the



indicator W no dtention is given to the numericd sze of the difference between the
dternatives.

We may encounter another complication in this framework in that we may not manege to
determine an unambiguous result, i.e. a unique rank order of dternatives. This is because we
may fece the problem of ambiguity in the Sgn of the index ;. In order to solve such a
problem, we introduce a certain probability p;; for the dominance of criterion i with respect to
criterion j.

Here we assume a specific probability digribution for the st of feasble weghts This
assumption is based on the criterion of Laplace in the case of decison making under
uncertainty. In the case of a probability digtribution of quditaive information, it is sufficient
to mention that in principle the use of dochastic andyds, which is consgent with an
origindly ordina data st, may hep to overcome the methodologica problem we encounter
by conducting a numericd operation on quaitative data

The Regime method can identify the feasble area into which vadues of feasble weights must
fdl in order to be compatible with the condition implied by the probability vdue. By means
of a random generator, numerous values of weights can be cdculated. In the end, this dlows
us to caculate the probability score (or success score) p for each dternative i. We can then

determine an unambiguous solution and rank order of dternatives.

23. Saaty method

The Saaty method (Anaytic Hierarchy ProcesssAHP) was developed by Thomas Lorie Saaty
in the ‘970s (Saaty, 1980; Saaty and Vargas, 1982; Saaty, 1994). This method is based on
three important components:

1. The hierarcchy aticulation of the eements of the decison problem

2. The identification of the priority

3. Checking the logic consgency of the priority.

The procedure is aticulated in different steps. The first step condsts of the definition of the
problem and of the identification of the criteria in a hierarchy of five levels (see dso section
3.3, Table 2):

1. Levd: generd objective of sugtainability

2. Levd: criteria

3. Levd: sub-criteria

4. Levd: indicators
5

. Levd : index



After defining the hierarchy articulation of the dements, the second step condsts of assessing
the value of the weghts reated to each criterion through the pair-wise comparison between
the dements.

The Saaty method employs a semantic 9-point scde (Table 1) for the assgnment of priority
vadues. This scae rdates numbers to judgements, which express the possble results of the
comparison in quditaive terms. In this way, different dements can be weighted with a
homogeneous measurement scale.

Through this method, the weight assgned to each single criterion reflects the importance that
every party /agent /group involved in the project, ataches to the objectives. In addition to this,
the method verifies the fit between the components of the weight vector and the origind
judgements. From the par-wise comparison a ‘comparison matrix’ is derived from which,
through the egenvector gpproach, it is possble to caculae the weght vector under
investigetion. Findly, the method is able to check the condstency of the matrix through the
cdculaion of the egenvaue.

Value Definition

1 Equal importance

3 Moderate importance

5 Strong importance

7 Very strong importance
9 Extreme importance
2,4,6,8 Intermediate value

Table 1 Semantic scale of Saaty

24, Flag Modd

The Fag Modd has been developed in order to assess the degree of sustainability of vaues of
policy dternatives (Nijkamp, 1995; Nijkamp and Ouwerdoot, 1997). The modd develops an
operationa description and definition of the concept of sustainable development based on
critical  threshold vaues,

There are three important components to the modd!:

1. ldentifying a set of sudtanability indicators

2. Edablishing a st of normdive reference vaues

3. Developing a practicd methodology for assessng future development.

The inputs in the program are an impact matrix and a st of criticd threshold values defined
for each rdevant sudtanability indicator. The sudanability indicators have two formd
attributes. class and type. There are usudly three classes of indicators, which correspond to



the man dimensgons of the sudanability andyss (1) biophyscd, (2) socid, (3) economic.
The two types are defined as benefit indicators and cogt indicators.

The criticd threshold vaue represents the reference system for judging actud sates or future
outcomes of policies or scenario experiments. Since in certan areas and under certain
circumstances experts and decison makers may have conflicting views on the precise leve of
acceptable threshold values, we estimate a bandwidth of vaues of the thresholds ranging from
a maximum vaue (CTV pa ) to a minimum vaue (CTV min )-This can be represented as
follows

CTV min CTv CTVv max

0 A B C D

Section A | Green flag | no reason for specific concern

Section B | Orange flag | be very dert

Section C | Red flag reverse trend

Section D | Black flag Stop further growth

The third component of the model, the impact assessment, provides a number of instruments
for the andyss of the sugtainability problem. This anadysis can be caried out in two ways.
The firg is an ingpection of a Sngle strategy or scenario. The second is the comparison of two
drategies or scenarios. In the former procedure, we decide whether the scenario is sustainable
or not. In the later case, by comparing the scenarios, we can identify which policy or scenario
scores best fits the perspective of the sustainability issue.

The working set of indicators is evauated in a separate module of the program.

There are essentidly three gpproaches to this evaudion: a quditative, a quantitative and a
hybrid approach.

The qualitative approach only takes into account the colour of the flag (i.e. nomind or ordind
information). This method then needs flag counts and a cross tabulation (when two policies or
scenarios are compared). Pie charts or stack bars may aso be used to visuaise the number of
coloured flags. These summary ddidics are aso avalable for the subset of indicators for the
three casses. Obvioudy, these various quditative methods do not give different results, but
merdy represent various ways of displaying the same information.

For the quantitative and hybrid form, a trandformation of the underlying outcome of the
indicators is required (except for the smple tabular of the datd). This trandformation is
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necessary, dnce the indicators are measured on very different scdes. To present the
informetion in a compact way, standardisation is useful.

25, Retrospective and prospective.

Pan and project evaduations have become an important component of modern public planning
and adminigration. Especidly in the socio-economic and physcd planning process (such as
transportation planning), nowadays much attention is paid to the assessment and agppraisal of
dternative policy options. In this perspective, decison making is not consdered to be a “one
shot” activity but a pat of a process in which choice posshilities, rdevant criteria and
urgency of choice, gradudly become clearer. (See Nijkamp, Rietveld and Voogd 1990.)

The complexity of redity and the conflicting objectives in policy games do not often dlow us
to andyse the problem from an unambiguous point of view. Therefore, we are faced with the
need for an evauation tool to support decison makers and to help al stakeholders involved in
reeching the mogt plausble and accountable choice when taking economic, sociad and
ecologica aspects into account.

Multicriteria evaduaion methods in public planning and adminidration can cope with the
limitation of conventiond monetary approaches such as codt-benefit andyss, characterised
by an attempt to measure all effects in monetary units, including intangible and
incommensurable effects which reflect the complexity of the redity under andyss.

This paper proposes the integration of the multicriteria methods described above (Regime
method, Saaty method, Hag model) with the am to develop a tool to reduce conflicts in a
decison making process. As previoudy indicated, such an gpproach smultaneoudy can
invesigete the impact of a policy drategy on relevant criteria, partly monetary, partly non-
monetary (induding quditative facets).

In the next section, this methodology is tested in an empiricd case study based on the choice
of project dternatives for the improvement of the road network in the area of the Cilento
Nationd Park. The Regime andyss is used as a tool to initiste a didogue or communicative
process between policy makers and experts in the choice of aternaive projects, and to
pinpoint conflicting gods.

The integration of the Saaty method with the Regime andyds can handle the problem of
subjectivity of policy makers and experts in the weight choice procedure. Moreover, the Flag
modd is used as a tool to verify the sudanability of esch dternative, by usng a blend of
critical  threshold values.



3 A Case Study on the Cilento National Park

In this section, we illugrate the gpplication of the preceding multicriteria methods on the basis

of a rea-world case regarding the design of a new road network in the Cilento Nationd Park
in Ity

First, we describe the main characteristics of the area (physical, environmental and social-

economic aspects) to illudrate its complexity and to identify the “soft” and “hard’
information that plays a role in the choice of dternative projects. Secondly, we illudrate the

methodology followed by a specification of the input dates the impact matrix and the st of
political weights. Findly, we apply the above-mentioned method to the choice problem by
usng the Saaty method to calculate the weights, the Regime andyss to obtain a rank order of
dternatives, and the Flag modd to check the sustainability of the dterndives in rdation to a
st of threshold values.

31. Theterritorial context and its major features

The Nationa Pak of “Cilento and Vdlo of Diano” located in the south of Itay (Campania
region) was established in 1991 with Law Order 394

The Pak, dso dassfied in the Mediterranean Ecosystem, was included in 1997 in the
“Reserve of Biosphere” (MAB program) network because of its mixed higtorica, socio-
economic, artisic and spiritud festures.

The landscape is characterised by a mountainous area, flatland zones and coadts rich in caves
and inlets. It is consdered to be one of the most important territories for the preservation “in
gtu” of biologicd diversty and the survivd of extinguishing species.

Moreover, the preserved cultura heritage expresses the history of rurd civilisations and their
traditions.

Our dudy is mostly focused on the area of the “mountain community of Alburni”, which
includes 12 communes (Aquara, Belosguardo, Cagecivita, Controne, Corleto Monforte,
Ottati, Petina, Podtiglione, Roscigno, Sant'Angelo a Fasandla, Sare, Scignano degli
Alburni). This community area covers about 50.355 ha, Stuated in the northern part of the
Cilento Nationa Pak. 55% of this area is mountainous, 3 1% is hilly with extensve
agriculture, and the remaining 14% is flatland with intendve agriculture,

The productive sructure is weak - despite the amazing naturad beauty of this area (we can
mention the Cagtelcivita cave, the SMichde cave, the “Smoke’ cave in Santt Angeo a
Fasandlla, the old centre of Roscigno, the archaeologica excavations of the mountain Pruno,



the cadtle and the rurd settlement of SElia and Pogtiglione). It relies on externa economies,

which means that unemployment is high and productivity is low.

The Socid Economic Development plan for the region shows that the communes are basicaly

mountainous. The principal production sectors are agriculture, construction, and

menufecturing  (modtly  handicrafts).

Only 40% of the totad population (22.349 inhabitants estimated in 1991) is likely to find work.

75% of this active population conssts of employees of which 30% are resdent. Moreover,

gpart from the lack of a strong loca economy, the scarcity of services and the inadequacy of

trangport networks prevent the development of this area

Having sad that, adl the communes are equipped with the main services (dementary schoal,

secondary school, medica services, eic.), and the community of Roccadaspide, located in the

vicinity, has a hospita and a high school.

The road network condsts of an ancient Roman route that hampers the internd connection

between the communes as well as the connection with principal economic

(Salerno/Battipaglia) and tourist (Pestum/Eboli) points of attraction. So, the mgor problems

in the area are represented by:

+ alarge decrease in population (the population census of 1991 indicates a decrease of 10%
compared to the past census), mostly due to the difficulty of reaching a workplace in a
short period of time

« povety essentidly due to the lack of a flourishing loca economy and the geographic
margindity related to the man point of economic attraction

+ loss of locd traditions and vaues as a consequence of the two first mentioned problems.

Nowadays, one of the most serious reasons for this social-economic and cultural

backwardness, is the poor accessihility of the area

3.2. Goals and project alternatives

With regard to the above-mentioned problems, the generd objective of the infrastructure
project in the area is to improve the accesshility of the communes. In fact, it can be
datigticaly proven that there is a close corrdation between the economic socid and cultura
development and the level of mobility of people and goods.

From this perspective, it is possble to identify the specific gods of the project:

« integration of the communes indde the Park, in the man vdley (valey of Sde)

e reduction in emigration



« presarvation and increase in vaue of naturad and culturd heritage

o protection of the environment.

Congdering the complexity of the area under andyss these objectives - in the logic of
sugtainable development - address the chosen problem from different points of view, looking
into functiond aspects (budget limit, travel codts, time of travel) as wdl as environmental and
socid features (pollution, fitting into the landscape, etc.). The project seeks to achieve these
gods by improving the road network, which serves the western part of the communes of the
Mountain Community of Alburni.

The need for feasble solutions in naturd, geologicd and hydrologicd condraints has led to
the identification and design of three project-aternatives (A, B, C), as Figures 1-2-3 show.
Alternative A seeks to achieve a new road in the valey of the river Calore to obtain a sraight
connection between the two main streets, SS166 and SS19. This solution favours the access to
the main traffic direction (Motorway A3 and the coastd road towards Sderno). Moreover, a
motorway link connecting the principal axle of the road with the SP12 contributes to a further
improvement in loca mohility.

The dternative plan B ams to cover pat of the new road of dternative A, in paticular the
gretch between the SS19 and the commune of Cadelcivita, and to renew part of the ancient
route dong the SS12 which serves the communes in the southern part of the Park. In contrast
to dternative A, this solution improves locad accessbility, but presents a mgor problem of
design to be developed insde the Park.

Alternative C is a combination of the firs two dternatives (A, B). It ams to achieve dl the
aspects of dternative A and pat of dternative B. It will produce a road improvement of, in
particular, the gdretches that pass through the communes of Ottati, SAngdo a Fasandla and

Corleto Monforte.
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Alternative A
Autostrada A3
Sa_lerno_ Lo I—) Potenza
Battipaglia Campagna
ltavilla Silentina
Serre
@)
Castelcivita
o)
ottati O
Mainardo Aquara O S.Angelo A Fasanella
O Corleto  Monforte
Roccadaspide Castel S. Lorenzo  Bellosguardo
C Atena
Statale 166 Lucana
Figure 1 Alternative A
Alternative B
Autostrada A3
satpegts. ) Potenza
Pag Campagna
ltavilla Silentina
Serre
Castelcivita
Ottali
G.Mainardo S. Ang elo A Fasanella
Corleto Monforte
Roccadaspide :( _-/_ 1zo
C j%; Atena
Statale! 166 Lucana

Figure 2 Alternative B

Alternative C

Salerno

Autost rada A3

Lo

i) Potenza

Battipaglia

Roccadaspide:

' Campagna

ltavilla ~ Sileritina

Serre

S.Angelo A Fasanella

Corleto Monforte

Bellosguarso

C§>astel S.Lorenzo
Atena

©,

Statale 166 Lucana

Figure 3 Alternative C
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3.3. Hierarchical definition of criteria and evaluation of impact matrix

The choice of a transport infrastructure, which respects the concept of sustainability, must be
based on a st of criteria that alows for the smultaneous consderation of a project impact
from an economic, socia and environmental viewpoint. The presuppostion of this adopted
view is tha an optimisation of the functiondity will not result in excessve cods for the
environment nor for society, i.e. a burden greater than the system’s carrying capacity. Such a
carying capacity is not soldy related to the physica capacity infrastructure, expressed in
teems of road network congestion linked to traffic flows, but dso to the environment's
carrying capacity. The latter concept is defined by factors like pollution (of water, ar and soil,
in visud and acoudic forms efc.); the territory’s cgpability to facilitate new infrastructures,
and by the society’s carying capecity, in terms of safety levels. (see Hinamen, Nijkamp,
Padjen, 1992)

The case under andysis is characterised by limited traffic flows (as shown by the results of
the studies performed on the exising road conditions) and remarkable environmenta vaue.
Hence, datention has to be drawn to the best possble solution, i.e. one that is functiondly
effective and a the same time compatible with the naturd resources. The evduation criteria
for the different dternatives have been defined, as previoudy doated, with a view to
sudanability, notably through the identification of three man dasses of judgement:
economy, accesshility and environment.

For each of these classes, a list of indicators has been specified. The latter have been derived
from gte-specific problems and dlow for the measurement of the fit of each dternative with
the pre-defined objectives.

The dructure of the classes of criteria and their rdative sub-criteria have been desgned in
accordance with a tree-diagram, as shown in Table 2.

The man economic, accesshility and environment criteria reflect the fundamental objectives
of sugtainable development, formulated by, for example, the R&D program DRIVE launched
by the Commisson of the EU, DG XIIl. Unfortunately, due to the absence of relevant deata,
the safety criteria included in the list of the above-mentioned program have to be diminated
in this study.

The data referring to the sub-criteria have been expressed through the use of different scaes,
which are to be ascribed to the inaccuracy of the avallable data

The economic criteria have been edimaed in quantitative terms, and more specificdly, the

sub-criteria related to the costs have been quantified as a monetary scde.
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Accessibility criteria are dso measured on a quantitative scae, through the consderation of
the average time of access, while the environmental criteria have been expressed as an ordind
scde in which the vaues (1,2,3) are assigned to the different dternatives, where the highest
value represents the best.

CRITERIA —->‘ SUBCRITERIA INDICATOR - INDEX
v v
Investment  costs Billion of lira
Financial costs
Maintenance _costs —  Billion of lira per year
Trangport__cogts —1 (O(L) —__Billion_of lira_per yer
ECONOMIC —
Usds costs | Travel costs + time cost |—1__Billion of lira per year |
— Minute
Time needed from C and L on entire network
I Ti me for C to access from the communes to N.W Averagetime
| |point
T|me for L to access from the communes to N.W Averagetime
| |point
) ) I A :
4 Time for C to access from the communes to N.E point veragetime
|
ACCESSIBILITY |—-J Externd accessibility
. . ] Averagetime
Time for L to access from the communes to N.E point
Time for C to access from the communes to Averagetime
Roccadaspide
Time for L to access from the communes to ’
. 1 A
Roccadaspide veragetime
|
A A 4 v
Acoustic pollution — Vicinity of population centres — Qualitative value
Alteration of landsca Fitting in the landscape — Quditative  value
Soil pollution }—— Posshility of accidentdfall of dangerous material Qualitative __ value
y
ide ri — ility of sid — itati
ENVIRONMENT I_ Landslide risk Stability of sides Quaditative  value
Hydrology risck 1 Flooding _aress — Qualitative __value
Loss of vegetation — Qualitative value
Alteration  of  biologica
components
Alteration of fauna's habitat | Qualitative value
Violation of rggulauon on Park/oasis Qualitative ~ value
natural environment

Table 2 Tree of criteria

So, looking into the economic criteria, the invetment and maintenance costs have been
cdculated on the bass of a (metric) assessment method. The prices were obtained from the
price lig of the ANAS (Nationa Motorway Company).

The accessihility of the area has been measured by considering the average time it takes to

access from the communes to the principd point of economic (point N.W.) and tourist
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atraction (point N.E), as well as to the commune of Roccadaspide where the main services
are located.

As mentioned above, the environmentd criteria have been expressed as an ordind scde
(1,2,3) where the highest vaue represents the best.

For acoudtic pollution (vicinity of population centres) due to the noise of the vehicles, the

dternaive with the highest score is the one that is more distant from the communes.

For soil pollution (posshility of accidenta fadl materid dangerous for the environment),
the dternative with the highest score is the one that is of less interest for a smal number

of lorries.

The dternative with the highest score for the landdide risk is the one that is of less
interest for the areas with a probability of landdide and deep soil pinpointed by
geologicd dudies.

For hydrologicd risk, the dternaive with the highest score is the one that is of less
interest for the flooding areas (return period 50-100-200 years).

For the loss of vegetation, the dternative with the highest score is the one that causes the
lowest loss of vegetation due to the congtruction of a new gtretch of road.

The dternative with the highest score for the dteration of fauna's habitat is of less interest
to the usud route of loca fauna identified in the environmentd Sudies

For the violation of regulation on naurad environment, the dternative with the highest
score is the one that does not interfere with the following environmenta regulations:

- boundary of Nationd park of “Cilento and Vdlo di Diano” (DL 394/1991)

- landscape regulation (law 431/1985 and law 1497/1939)

- Persano Oasis founded in 1977.

Findly, for ‘fiting in the landscape (change in the landscape morphology), the
dternative with the highest score is the one that creates the least change to the
morphology of the places as result of the design of the road.

Stating with the above-mentioned criteria, linked to the previoudy defined dterndives, it is
now possible to build up the impact matrix Table 3.
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CRITERION | INDEX | A B |C
Investment costs (-) Mid ' 107 143 127
'é Trgot Merenance coss coss by C () and L () Mld/Year 31 13 %4 13
- Transport costs by C and L+ time costs (-) Mld/Year | 64 ‘ 71 ‘ 63
| Time needed from C and L on entire network (-) | Minute | R22 | 37 | 32 |
I Time for C to access from the communes to N.W point (-) ‘ Average minute | 30 ‘ A ‘ 29.7 ‘
-_‘-? Time for L to access from the communes to N.W point (-) Average minute 325 38 322
:'5 Time for C to access from the communes to N.E point (-) Average minute 33.7 42 384
g Ik Time for L to access from the communes to N.E point (-) ‘ Average minute 438 ‘ 48 ‘ 435
I Time for C to access from the communes to Roccadaspide (-) ‘ Average minute | 24.3 ‘ 294 ‘ 24.1 ‘
| Time for L to access from the communes to Roccadaspide (-) Average minute 26.8 32.7 265
| Vicinity of population centres (+) Qualitative 3 1 2
| Possibility of accidental fall of dangerous material (+) | Qualitative 2 l‘ 3 | 3 |
I Landslide risk (+) ‘ Qudlitative ‘ 3 B ‘ 2 ‘
£ | Hydrology risk (+) Qualitative 2 3 3
% L oss of vegetation (+) Qualitative 2 ! 2
E Alteration of fauna' s habitat (+) Qualitative 2 1 2
I Violation of regulation on natural environment (+) Qualitative ‘ 3 ‘ ! ‘ !
Fitting in the landscape (+) Qualitative 2 3 1
Change in the landscape morphology (+) Qualitative 2 3 2

Table 3 Impact matrix

Legend:

C = private car
L=lorry

= = cost indicator
(+) = benefit indicator
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34. The weight vector

The definition of the sysem of weights, or in other words, the identification of the priority
rankings between the different criteria incduded in the impact matrix, fundamentdly is a
political problem. In the present andyss the assgnment of weights has been performed on
the basis of the hierarchicd logic described in Section 3.3.

Two weght sysems have been specified. The fird one refers to the man classes of
judgement (economic, accessibility, environment) and the second one to the sub-criteria The
latter set of weights strongly reflects the preferences of the political class and of the technicd

experts involved in the project.

The vectors have been caculated with the aid of the Saaty Method software contained in the
program for multicriteria evauations (SamiSoft program). This program, which reproduces
the logic described in Section 2.3, dlows us to derive a priority ranking through a pared
comparison between the criteria based on a scale of 9 point (from 1 = equa important to 9 =

extremely important). Moreover, the program dlows us to verify the coherence of collected
information through the specification of the principd eigenvdue. The fird dep of the
methodology in this study consgts of interviewing the politica class and the technica experts
by means of a questionnaire based on Saaty’s fundamental scde in order to identify subjects

preferences among the listed criteria

The results of the interviews ae then used for the cdculus of the two weight vectors
employed in the evduation. One expresses the views of the politica class, the other the views
of the technica experts.

The andyds dso condders a vector of uniform weghts, in which for each criterion, the
priority is assumed to be irrdevant. In other words, dl the combinations of weghts are
equaly probable.

Table 4 shows the results of the caculations for the three sets of weights.
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Uniform  weight | Experts Public
vec tor Administration
Wi w2 Wi w2 Wi w2
Investment costs 0.25 0.33 0.749 0.089. 0.584 0.056
g Maintenance COsts 0.25 0.142 0.133
8 Transport costs bg and L 0.25 0.044 0.036
[ | Transport costs by C and L+ time costs 0.25 0.315 0.247
Time needed from C and L on entire network 0.143 0.33 0.396 0.735 0.384 0.702
Time for C to access from the communes to N.W point 0.143 0.208 0.147
Time for L to access from the communes to N.W point 0.143 0.044 0.036
!Sﬂ Time for C to access from the communes to N.E point 0.143 0.094 0.107
" Time for L to access from the communes to N.E point 0.143 0.033 0.039
o Time for C to access from the communes to Roccadaspide | 0.143 0.303 0.269
g Time for L to access from the communes to Roccadaspide 0.143 0.065 0.024
Vicinity of population centres 0.111 0.33 0.28 0.676 0.41 0.242
Possibility of accidental fall of dangerous materia 0.111 0.059 0.024
Landdlide risk 0.111 0.338 0.293
Hydrology risk 0.111 0.215 0.198
Loss of vegetation 0.111 0.082 0.026
;t':_; Alteration of fauna's habitat 0.111 0.077 0.095
S' Violation of regulation on natural environment 0.111 0.199 0.233
‘§ Fitting in the landscape 0.111 0.068 0.038
ut_:] Change in the landscape morphology 0.111 0.06 0.05 1

Table 4 Table of alternatives weight systems

Andysing the preferences expressed by the public adminigtration and the group of experts for
esch criterion, we find:
the importance of the “Investment cost” in regard to the Economic criterion,
the importance of “time needed from car and lorry on entire network™ in regard to the
Accesshility criterion,
the importance of “landdide risk” and “Hydrology” risk for the experts while the
public adminigration atached a high importance to the pollution problem in regard to
the Environment criterion.
In generd, the weights linked to the main evaduaing casses reflect the preferences for the
criterion of accesshility. Particularly the interviewed group of experts gppears to assgn a
value quite similar to the accessibility and environment criteria, while the public

adminidration assgns a higher vadue to the accesshility criterion.
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35, Rank order of alternatives using the Regime analysis

The previoudy defined impact mairix, linked to the weight vectors cdculaied in the last
section has been further analysed by the Regime method. The Regime method, as described in
Section 2.2, dlows us to analyse a matrix with mixed data linked with a weight vector and to
define a ranking of the dternatives.

The results obtained (Table 6-7-8) using a new software for multicriteria analyss (SamiSoft
program) are expressed by an index of success for each dternative. This index emphasises
how much a project is preferable, compared to others.

In the case study under andyss, the software used for multicriteria andyss congders dl the
input scores as benefit criteria, where the highest vdue is the best. In our impact matrix we
have both cost and benefit criteria, so we have to transform the cogt criteria into benefit vaues
usng a dandardistion function (A min/A) that is able to obtain values between 0 and 1 where
the highest score is the best (Table 5)

CRITERION INDEX A B C
Investment costs (+) Mid 1 0.75 0.84
E Maintenance costs (+) MIld/Year ! 0.77 0.77
g Transport costs by C and L (+) MId/Year 0.98 0.91 !
é Transport costs by C and L+ time costs (+) Mld/Year 0.98 0.89 !
Time needed from C and L on entire network (+) Minute 0.994 0.864 1
Time for C to access from the communes to N.W point (+) Average minute 0.99 0.873 1
Time for L to access from the communes to N.W point (+) Average minute 0.991 0.847 1
:g‘ Time for C to access from the communes to N.E point (+) Average minute 0.992 0.914 1
,-g Time for L to access from the communes to N.E point (+) Average minute 0.993 0.906 1
§ Time for C to access from the communes to Roccadaspide (+) Average minute 0.992 0.82 |
é Time for L to access from the communes to Roccadaspide (+) Average minute 0.99 0.81 |
Vicinity of population centres (+) Qualitative 3 1 2
Possibility of accidental fal of dangerous materid (+) Qualitative 2 3 3
Landslide risk (+) Quadlitative 3 1 2
Hydrology risk (+) Qualitative 2 3 3
Loss of vegetation (+) Quadlitative 2 1 2
€ [Alteration of fauna's habitat (+) Qualitative 2 1 2
é Violation of regulation on natura environment (+) Qualitative 3 1 |
g Fitting in the landscape (+) Qualitative 2 3 !
LI:.] Change in the landscape morphology (+) Qualitative 2 3 2

Table 5 Standardised impact table
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Our invedtigeation of Table 6 shows that the ranking of dterndives obtained when usng a
uniform weight vector in the find results, leads to a supremacy of dterndtive A.

Actudly, the intermediate results show that dternative A is the winner for both economic and
environmentd criteria, while dternative C wins only for the Accesshility criteria

Alternative B is dways the loser.

Criteria Intermediate results Final results
A B C
Economic
0 0,5
A B C A B C
Accessibility | 2 ' 4
05 0 ! | o88 0 0,662
A B C
Environment >
0,82 0,18 0,5

Table 6 Rank order of alternatives using the uniform weight vector

However, conddering the results of Table 7 and 8 obtained when usng the weight vector
(previoudy caculated with the Saasty method), from the point of view of the experts and the
public adminidration, dternative C turns out to be the best in the find results. This is the
cae, even if the intermediate results show once more that dternative A wins on both
economic and environmental criteria Also under these circumstances, dterndive B is dways
the loser.

The supremacy of dternative C depends on the higher vdue of the weight assgned to the

criteria of accesshility.

Criteria Intermediate results Final results
. A B C

Economic
0,97 0.04 0,5
A B C A B C

Accessibility
0,5 0 1 0,65 0 0,79
A B

Environmentl— | | | c I——

| f - v 1 14 1 0.1 o5 |

Table 7 Rank order of alternatives using the weight vector from the point of view of experts
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Criteria Intermediate results Final results
. A B C
Economic
0,97 0.04 0,5
A B C A B C
Accessibility
, 0,5 0 ! 0,65 0 0,79
A B C
Environment
> 1 0 0,5

Table 8 Ranks the order of alternatives, using the weight vector from the point of view of
public administration

In conclusion, dternative C appears to be a good compromise between the necessity to
improve the mobility of people and goods among the Communes and the external point of

economic and tourigt atractions, as well as in the necessity to preserve the naturd heritage.

3.6. Sustainability of alternatives using the Flag Model

In this paragraph, we will illugtrate the gpplication of the Flag Modd on the case study under
andysis to check the sugtainability of the dternatives in relation to a set of threshold vaues.
This andyss is caried out usng Software (the Flag Modd) that includes a program for
multicriteria andysis (SamiSoft program), which essentidly reproduces the logic previoudy
described in section 2.4.

The program has two inputs. an impact matrix and a set of critical threshold vaues.

Therefore, it is necessary to edtablish a critica threshold vaue for each of the rdlevant criteria
in the impact matrix previoudy described in section 3.3. The concept of criticad threshold
vadue is reaed to the normative concept of sustainability (see Nijkamp and Ouwershoot,
1997) - where wider atention is focused on how sudtanadility can be identified as a
normetive orientetion for policy.

In other words, the question is whether it is possible to define a set of reference values or
threshold vaues (limits, standards norm) on resource use and environmental degradation
(pollution) to verify the impact of policy drategy and projects on the environment and
Ociety.

In this context, the notion of carrying capecity is of great importance, as it indicates the
maximum environmental resource that is gill compatible with an ecologicaly sugtanable
economic development. This means tha this concept refers to a threshold vaue that cannot be
exceeded without causing unacceptably high damage and risk to the environment.

Clearly for each of the sustainable indicators, whether environmenta or socio-economic, a
CTV as to be specified s0 that an entire set of CTV' s may act as a reference system for
judging actud dates or future results.
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A mgor problem is the fact that the CTV leve is not dways unambiguous. In certain aress
and under cetan circumdances, different expert and decison-makers may have different
views on the precise level of an acceptable CTV.
A rdatively smple and managesble gpproach to the above problem is the introduction of a
bandwidth for the corresponding sudtainability indicator (min-max condition). On the other
hand, CTV max refars to the maximum dlowable vaue of sudanability indicators, beyond
which there an daming development will take place (max-max condition) (Nijkamp and
Ouwerdoot, 1997).
In this specific case the bandwidth of criticd threshold values, due to the lack of normétive
references values, has been defined on the basis of the judgement expressed by the group of
experts involved in the project. It has dso been based on the average vaues typicd of the area
under andyss.
In particular, the economic criteria were examined:
on the investment cost we consider as a limit the budget available to redise the project
CTV min=85MLD of lira, CTV =100 MLD of lirg CTV max = 150 MLD of lira
for the maintenance cost we consder the average cost caculated for the Campania
region in regard to the actua road condition.
CTV = 1,5 MLD of lira per year
on the transport cost by C and L we consder the average cost for car and lorry to
move estimated for the Campania region.
CTV = 33. MLD of lira per year
on the transport costs by C and L + time cost we consider the average cost for car and
lorry to move plus the vadue of the time estimated for the Campania region.
CTV = 66. MLD of lira per year
Looking into the criterion of accessbility, we assume a range of threshold vaues estimated
by the experts, making a digtinction between the interna accessbility among the communes
and the accessibility as regards the external point of attraction (N.W. point and N.E. point)
For the internd accessibility we consder:
CTV min=15 Average minute; CTV= 20 Average minute; CTV mx= 30
Average minute
For the externd accesshility we consder:
CTV min=30 Average minute; CTV= 45 Average minute;, CTV max= 60
Average minute.
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Looking, indead, into the environment criterion, as the quditative nature of the scores, we
asume that the vaue 2 in the predefined ordind scde (1,2,3) represents the minimum
dlowable vaue of sudanability indicators, beyond which an adarming development could
take place.

Table 9 shows the results of the caculaion points up to the frequency of flags in relaion to
each relevant class of criteria and the total scores for each dternative. Moreover, Figures 4-5-
6 show the frequency of flags for each dterndive in a quditative sense in a duster column

chart.
ALL FLAG BIOPHISICAL ECONOMIC SOCIAL
INDICATORS INDICATORS INDICATORS
B |[R [y [ |IB [R ¥ |6 B [R [y |6 B R ¥
A |2 5 |3 10 |o 0 0 9 I 3 0 0 1 2 3 1
B |4 4 |8 4 0 0 5 4 2 2 0 0 2 2 3 0
c |2 5 |5 8 0 0 2 7 1 3 0 0 1 2 3 1

Table 9 Frequencies of flags

B= Black flag: stop further growth
R= Red flag: reverse trend

Y= Yellow flag: be very alert

G= Green flag: no reason for specific concern

10 4

B lack red Yellow  Green 0 Black red Ye 110 w

Green

@ B iop hy sical B Economic [J Social Q Biophysical B Economic O Social

Figure 4 Alternative A Figure 5 Alternative B

Black red  Yelow Green

Biophysical B Economic O Socid
Figure 6 Alternative C
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Our invedtigation of Table 9 shows that dternative A is the most sustainable. In fact, it has 10
green flags in the totd scores, determined mainly by the biophysicd indicators, as was
expected. Upon examining the economic criterion, al dternatives gopear to be unsustainable,
while for the socid criterion (accesshility), dternatives A and C are more sudtainable than
dternative B.

4. Conclusion

The am of this study was to andyse the sustainability and the priority of project dternaives
in order to achieve a new road network in the area of National Park of Cilento.

The application of the method described in the previous sections has led to the definition of a
dominance degree for esch dternative, checking in the meantime its sustainability in relaion
to the pre-defined set of threshold values.

Our investigation of the results shows that dternative C better satisfies the need to improve
the accessbility of the area under analyss, not only in regard to the externd point of
atraction, but dso in relaion to the internd connection among the communes. The study on
sudtainability, however, shows that dternative A better meets the environmenta issues, as
was expected, because it was mainly developed outside the Nationd Park.

Alternative B aways gets the lowest scores.

In conclusion, the employment of the previous described multicriteria methods represent a
useful tool to reduce conflicts in a decison making process. Three critical points deserve our
atention. Firg, there is the posshility of andysng conflicting objectives, even if a quditaive
assessment has to take place. Secondly, we could take into account the subjectivity of policy
makers and experts, and check the impact of each relevant choice. And finaly, the use of
CTV’s appears to offer an operationa framework for sustainability andyss at regiond levd,
dthough lack of quantitative and reiable information (as in our case) may force to resort to

guditative assessment.
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