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Abstract

The am of this study is to build a decison support framework for helping locd govemments
in the identification of sudainable drategies, usng a combination of various multi-criteria
evaduaion methods.

The first pat of the paper emphasises the importance of multi-criteria methods in the
congruction of a participative process amed a the creation and implementation of Locd
Agenda 2 1, and justifies the choice of several complementary multi-criteria methods deployed
(the Regime andyss, the Saaty method, and the NAIADE method, together with the Flag
modd) as tools to reduce policy conflicts and to reach a shared or joint choice in a decison-

making process With multiple actors or interests.

In the second part of the paper the above-mentioned methods are tested on a real world case
involving the conservation and improvement of a natural resource, viz. Lake Miseno in the
south of Italy. Lake Miseno located in the Campania Region is howadays characterised by a
deep controversy on maintaning the typicd higtorical atributes of this area of exceptiond
archaeologicd and natural importance on the one hand, and the devadtating urbanisation
process on the other hand.

This sudy proposes four dtemdive projects for the rehabilitation and re-quaification of this
natural resource and develops an evauation gpproach for the best dtrategy to meet the god of
sudtainable  development.

key words: natural resource, locd govemment, evauation, participation, shared choice

PN972FFFT




1. Decision Support Systems for Assessing Alternative Projects in Local Planning

Processes

11 I ntroduction

Flanning processes in our modem world have become extremely complicated and drawn-out.
This unfortunate Studion is the outcome of many factors, in particular the diverse nature of
modem planning issues, the many conflicting issues (eg. development versus environment),
the lack of public funds and the like. Consequently, the planning procedures on land use and
environment — in both urban and rurd areas — lead nowadays to a delayed implementation of
public policy and indirectly bring about extremely high socid costs and unrest. The typica
response of public authorities to many planning chalenges has been to reinforce the
inditutional framework, without due regard for the mechanisms of conflict resolution. It is
surprising to see that in recent literature on decision-making and public choice andyss, a vast
aray of modem operationd decison support tools is presented that could be implemented for
complex decison procedures in the public sector.

In this paper we use an Itdian case study — Lake Miseno -~ to illustrate some of the
complexities involved and to demondrate the potentid of modem decison support tools.

12.  The Italian “Renewal plan” as a practical tool for valorisation of natural

resour ces

The reform law of Public Adminigration and adminigrative smplification emanaed in Itay
in 1997, better known as “the Bassanini law”; Art. 22 decrees tha the adminidrative
functions of the State regarding the use and management of the minerd and themd waters
ae tranderred to the Regions. To pursue this autonomy, the Regions, the autonomous
Province and the Municipdity have to present the Department of the Treasury inter alia with a
“Renewd plan” of the environmenta resources concemed, amed in principle to improve the
budget passvity of the relevant stakeholders by specifying the interventions, the resources
and the time of redisation.

The “Renewd Plan of the Commune of Bacoli” dated June 1997, Art. 22 law 59/97 was
approved by the Department of the Treasury in September 1997. As a result of this document

the Commune of Bacoli has taken possesson of the two lakes Miseno and Fusaro and of the
pertinent territories, and it has now the possbility to oversee strategic actions for the

conservation and environmental re-qudification of these resources. The main objectives of
the Renewa Plan are

a) consavation and environmenta improvement

b) cretion of recregtiond, sporting and tourist activity

c) cregtion of commercid and indudrid activity

d) improvement of socid and culturd qudlity.

As indicated in Section 3.2, the Public Adminigtration has proposed two dtemative policy
scenarios t0 reach such objectives. Moreover, the experts involved in the planning process
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(see also Section 3.2) have consdered two further aternatives, which are more concerned
with enviromnentd and socid issues.

In fact, if the Renewa Plan is to be conddered as a sarting point for the implementation of
Loca Agenda 21, the choice and evauation of the proposed dternatives cannot be consdered
as a “one shot action”. They represent a gradud process of acquisition of information through

participation, the condruction of consensus, and the formulation of dtemative hypotheses
which respect the general objectives of sustainable development, viz. the pursuit of eco-

sydemic integrity, economic efficiency, and socid and intergenerational equity. These, after
dl, are the objectives of sustainable development, which are vaid & any level (intemationd,
netiond or locd). They converge in the identification of specific objectives to be defined on a
“case to case basis’, where every community must find its own best way.

Taking the specific nature of the Stes into consideration, Agenda 21 actudly cals upon loca

authorities to equip themsdves with ther own agenda through a didogue with the citizens,

and to acquire the necessary information for the formulation of the “best” relevant drategies.

It is evident that the different parties involved, whether public entities private individuads or
the non-profit sector, pursue heterogeneous and multidimensona objectives. Ther pursuit
causes conflicts of different nature, which must be taken into account.

In the next section we will outline how multi-criteria methods could be useful todls in the
congruction of such a process. We will focus, in particular, on some recently developed

Multi-criteria methods (the Regime andysis, the Saaty method, the NAIADE method, and the

Flag modd) for the support of the activities of the locd govemment in the definition and

operationdisation of rategies of sugtainability for the improvement of Lake Miseno.

2. Multi-criteria Analysis of Policy Scenarios on Local Renewal: the Choice of
Evaluation Methods

Pan and project evauaions have become an important component of modem public planning
and adminigration. Especidly in the socio-economie and physca planning  process,
nowadays much attention is paid to the assessment and gppraisd of adtemative policy options.
In this respect, decision-making is not consdered to be a “one shot” activity but pat of a
process in which choice posshilities, rdevant criteria and urgency of choice, gradudly
become clearer (see Nijkamp et a. 1990).

The complexity of redity and the conflicting objectives in policy games do not often dlow us
to andyse problems from an unambiguous point of view. Therefore, we are faced with the
need for an evauation tool thet reflects the main objectives proposed in the framework of
Loca Agenda 21 (see Section 1): atool of andyss and consulting; a tool to share proposals,
to identify new projects; to control results, to promote better capacity use; to fadlitate
codition and co- operation; to construct public choices in a participative, organised and
interactive process for integrating socia, economic and ecologica goas.

Multi-criteria evaluation methods gppear to be the most gppropriate for Loca Agenda 21 in
overcoming the limitations of conventiond monetary approaches such as cost-benefit andyds




in its attempt to measure all effects in monetary units (including intangible and
incommenaurable effects), which reflect the complexity of the redity under andyss.

We will focus our atention on some promising particular multi-criteria methods based on
both ordind and mixed ordind-cardind data: the Regime method, the Saaty method, and the
NAIADE method, complemented with the recent Flag modd.

Regime analysis is a discrete multi-criteria method (Nijkamp et al., 1990). The
fundamenta framework of this multi-criteria method is based upon two standard kinds of
input datar an evauaion matrix and a st of political weights. The evduation matrix is
composed of dements that measure the effect of each dternaive consdered in reation to
each rdevant criterion. The st of weights provides informaion about the rdative
importance Of criteria to be conddered. Regime andyss in its quditative version IS an
ordind generdisation of par-wise comparison methods that can examine quantitative as
well as quditaive data

The Saaty method (Analytic Hierarchy ProcesssAHP) (Saaty, 1980; Saaty and Vargas,
1982; Saaty, 1994) is based on three important components:

- The hierarchicad aticulation of the eements of the decison problem

» The identification of the priorities

- A check on the logic consstency of the priorities.

The NAIADE method (Novel Approach to Imprecise Assessment and Decision
Environments) (Munda, 1995) is a discrete multi-criteria method whose impact (or
evaluation) matrix may include crisp, stochastic or fuzzy measurements of the
performance of an dternative with respect to an evauation criterion. It is, therefore, very
flexible for real-world applications. Usng a par-wise comparison technique, NAIADE
generates a ranking of dterndives. It dlows two types of evauations. The first is based

on the score vaues assgned to the criteria of each dtemative and is peformed usng an
impact matrix. The second andyzes conflicts among the different interet groups and the

possble formation of coditions in regard to the proposed dtematives, usng an equity
matrix, based on a linguigic evaduation of dtematives by each group.

The method is essentidly divided into four main parts:

- Par-wise comparison of atematives by usng preference reations

- Aggregation of all criteria

- Raking of dtematives

- Equity analysis.

The Flag modd has been developed in order to assess the degree of sudtainability of

vaues of policy atematives (Nijkamp, 1995; Nijkamp and Ouwerdoot, 1997). The mode

develops an opeatona description and defmition of the concept of sudtainable
development based on critica threshold vaues.

This modd achieves three important functions

- It identifies a st of sustainability indicators.

- It edablishes a sat of normative reference values.

- It devedops a practical methodology for assessng future developments from a
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sudtainability  perspective.

The criticd threshold vaue represents the reference system for judging actud dates or

future outcomes of policies or scenario experiments.
This study proposes the integration of the above described multi-criteria methods (the Regime
method, the Saaty method, the NAIADE modd followed by the Flag modd) with the am to
develop a tool to reduce conflicts and to creste communication and consensus in a decision
making process. As previoudy indicated, such an gpproach smultaneoudy can invesigate the
impact of a policy draegy on reevant criteria, patly monetary, patly non-monetary
(induding quditative facets).
In the next section, this methodology is tested in an empirica case study based on the choice
of project dternatives for the conservation and the improvement of Lake Miseno and its
socio-economie development. The main god is to achieve a “good choicg’, such thet it is
possble to make a policy contribution by combining common knowledge (being the
knowledge of citizens plus technicd knowledge) through a democratic participation.
The Regime andysis is used as a todl to initiate a didogue or communicative process between
policy-makers and experts in the choice of dtemaive projects, and to pinpoint conflicting
gods. The integration of the Seety method with the Regime andyss can handle the problem
of subjectivity of policy-makers and experts in the weight choice procedure. The NAIADE
method is used to check the level of aggregation among different stakeholders in respect to a
ranking of dtematives, capturing in a so-cdled forum group the preferences of each part
involved. The Hag modd then findly checks the sudtaingbility of the dtematives in reation
to a st of critica threshold values.
We can summaise the main characteristics of the above-mentioned methods in Table 1.
Moreover, we can observe how the combination of these methods can create a useful
assessment  procedure composed of five steps, which make it possible to collect different
informetion for the final choice of dtematives and to pinpoint the conflicts that arise (see also
Figure 1).

REGIME
Input .

AHP

o Tree of criteria

NAIADE

e Impact matrix

FLAG
o [mpact matrix
¢ Critical threshold value

Impact matrix

e Weight vector + Equity matrix

Output ¢ Rank order of ¢ Weight vector ¢ Rank order of o Level of sustainability of
altenatives alternatives each altemative
« Level of aggregation « Comparison among the
alternatives
Possibility to handle Yes Yes Yes Yes

mix date

Level of participation | e Difficulty to assess the | » Interview (simple ¢ Judgement on the o Possibility to quickly

of Decision Making

weight vector.

questions, but long
questionnaires).

alternatives expressed

in a forum group.

check the impact of
different altenatives

Level of participation
of Community

« Difficulty to assess the|

weight vector

Interview (simple
questions, but long
questionnaire).

« Difficulty to inter-

view many people.

o Judgement of the

altematives  expressed

ina forum group.

o Possibility to quickly
check the impact of

different altematives
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Table 1 Comparison of methods

3 A Case Study on Lake Miseno

In this section we will illustrate the gpplication of the previous multi-criteria methods on the
basis of a real-world case regarding the choice of the most suitable use of Lake Miseno in
Itay to conserve and improve its socio-economie development.

Firg, we describe the main characterigics of the area (physica, enviromnentd, and socio-
economic aspects) to highlight the complexity and the intringc vaue of the area under
andyss and to identify the “soft” and “hard” informétion that plays a role in the choice of
dterndtive projects. Secondly, we illudrate the methodology followed by a specification of
the input data (the impact matrix, the weght sysem and the equity matrix), and the
gpplication of the above- mentioned method to the choice problem using the Saaty method to

calculate the political weights, the Regime andyss to obtain a rank order of aternatives, the
Fag modd to check the sudtainability of the dternatives in rdation to a st of criticd
threshold values; and the NAIADE method to capture the quditative judgement of various
sgnificant groups on the proposed dternatives, through a forum group. Findly, we compare
the results obtained using these different methods to check the feashility of the solution and

the religbility of the methods

3.1 The territorial context

Lake Miseno is located in the Municipaity of Bacoli (with agpproximately 27,000 inhabitants),
in the Province of Naples, one of the most livey tourig and industrid centres of the
Phlegracan Area. The Phlegraean Area located in the Campania Region is an aea of
exceptiona archaeologica and natural importance, marked by a deep divergence between the
typica attributes of the area and the devedtating urbanisation process Started in the later part
of the 1950's and resulting in dgnificant losses in its resource base.

In the pedt, the Municipdity of Bacoli was a heavy industry area, which for many years

produced growth and employment. The closing-down of many factories, together with the
indudtrid decline in the entire Phlegraean Area, led to a studion of extreme difficult socio-

economic conditions due to the falure of the locad government to improve the existing
environmental and higtorical resources. One of these resources is Lake Miseno, which for
years has been in a state of deterioration.

Origindly, the State owned the lake, but in 1961 its management and the management of the

surrounding areas and buildings was trandferred to a state-controlled company (Tarantino-

Campano Ichthyic Centre) with the am to develop activities such as fishing and mussel

breeding. During its 30 years of management, however, the company was phased out and
gradualy dropped its activities, with the result that the lake and surrounding areas and
buildings deteriorated. In 1997, the Loca Government took over the Lake on grounds of the

above-mentioned Bassanini Law (see Section 1.2), and it is now responsible for its

management. This presented a mgor opportunity for the Municipdity of Bacoli, not only for

the reclaming of the Lake but also for initiating a complex locd sustainable development.
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Figure 1 Assessment process usng a combination of methods




The resources of Lake Miseno consst of:

1. The fishing lake, with a surface of 47,500 hectare and a perimeter of 2,9 kilometres. The
lake has two outlets to the sea

2. Three buildings for fishing activities

3. An area of 21,334 hectares where the Navy has built six masonry sheds.

The main problems that afflict this area include:

= a high degree of biologica pollution of the lake

- alack of locd economic development and a high level of unemployment (from the locd
population of 27,000 inhabitants, more than 2,500 are unemployed)

- the degradation of environmenta, historical and architectural heritage

- the loss of locd culture and tradition.

3.2. Goals and project alternatives

The andyss of the problems that are inherent to the area under examination, offers clear
directions for the definition of specific sector and planning objectives for the conservetion and
improvement of the resources of Lake Miseno and the surrounding areas.

Foremod, the high level of biologicad pollution of the lake (high levels of ammoniag,
phosphorus, and cyanide, as well as extremely high bacterial content, non-existent
phytoplankton, and very low oxygen content) makes a hygienic-sanitary and environmentd
cdean-up intervention a top priority, in the absence of which any loca development program
is unthinkable.

Secondly, the unemployment levels recorded in the Municipdity of Bacoli call for a new
dimulus of the locd economy. This could be achieved by encouraging entrepreneurship in the
fiedd of mussd breeding, fishing and fish faming, which for centuries were vital activities in
this area.

In addition, the vast assets represented by the landscape/environmental and
historical/architectural resources, as well as the loca traditions and culture constitute the
foundation upon which the cultural and social reviva of the locd community, and its tourist
development, must be based.

These objectives were announced by the Municipal Adminigration in its “Renewa Plan” for
Lake Miseno, approved in 1997. In addition, the Local Government identified two
dtematives, both of which mention the cleaning up of the Lake and its adjacent areas as a
priority. This would be undertaken by recovering the optimum conditions of water liveability
at the outlet in order to restore the exchange of sdt water, as well as on the bed of the lake.

The identified dtematives will now briefly be described.

Alternative A: Lake Miseno Tourist Port

This dtemative provides the condruction of a tourist port for the boating community with
fecilities for gpproximatdy 3000 smdl and medium boats. To achieve this ggnificant
deepening, widening and equipping of the Miseno outlet would have to be carried out and
piers for docking would have to be built (approximately 2,900 meters of stable piers were
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planned in the Northern part of the lake). To protect the lake, a portion of it (gpproximatey
200,000 square meters) would be set aside as a natural lake reserve. Using the existing
buildings, the proposal was to establish culturd facilities (museums or libraries) linked to the
loca higory and culture.

Alternative B: Lake Miseno Aqua-culture Centre

This dtemaive provides for an aguaculture centre on Lake Miseno, for the intensve
production of mussds and particular species of fish. The implementation of these activities
required intensve of works such as a limited widening and deegpening of the “Miseno outlet”
canal to facilitate access to the Lake by typical fish-farming boats. In addition, the
devdopment of this proposal implied a careful examination and forced adjusment of the
biologicd conditions of the Lake.

These dtematives proposed by the Local Govemment do not gppear to take into consderation
the ecologicd dtuation, since in different ways they would both cause a sgnificant negative
impact on the ecosystem of the lake. In fact, congdering that sugtainability of development
requires the conservation and protection of the natural capital available; these two atematives
are totdly incompetible with the development of the infrastructure and the initiation of some
of the activities provided for by the above proposds.

As already mentioned, naturaly this may cause conflict, which is amplified by the absence of
the necessary didogue in the evaduaion process, a condition that is essentid for the
condruction of baanced choices and therefore of consensus.

From this standpoint, it was believed necessary to formulate other proposas that were more
regponsve to different locad needs: economic and productive growth, use of landscape
resources recognized by everyone, protection of the eco-biologica equilibrium, etc.

Next, from the further investigation and new dudies underteken, starting with the previous
“inditutiond”  dtematives. two further dtematives were formulated.

Alternative C: Lake Miseno Natural Reserve

This dtemative provides for the designation of the entire Lake as a natural reserve it
prohibits any exploitation that is not directly connected to the study and offers protection of
the marine flora and fauna characteristic of the area

Following the radical environmenta clean-up of the Lake and the recovery of the optimum
microbiologicd conditions of the water, this dtemative requires condant initiatives related to
the protection, mantenance and monitoring of the qudity of the ecosystem through the
continuous identification and evduation of environmenta parameters. It also demands study,
research and the expansion of knowledge about typica florafauna components.

The exiging premises could be destined for the indalation of an observatory for locd flora,
migratory and non-migratory fauna, and to accommodate educationd activities pertaining to
loca historical and culturd fegtures. The prohibition of the free and direct use of the lake is
amed a the recovery of environmenta conditions, which were once common for wildlife.
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Alternative D: Lake Miseno Recreational Park

This plan suggests the congruction of a large equipped park. The Lake, designated as a
reserve of agpproximately 475,000 sgquare meters, would be a site for rowing, svimming,
sling, sport fishing, tourig and boating entertanment activities, as well as culturdly,
higoricaly and traditiondly linked pastimes.

The condruction of the recredtiona park provides for the widening and deepening of the
Miseno outlet Cand to facilitate access for boats and the congtruction of a limited number of
mobile docks. The latter will be approximately 800 meters long and will be periodicaly used
for the docking of non-polluting motorboats, which will be alowed on the Lake. Museums,
faclliies for culturd events, and libraies on the higory of the Phlegreen area and its
archeeological, geologica, wildlife and natural features may be housed in the existing
buildings.

3.3. Hierarchical definition Of criteria and evaluation of impact matrix

We will now define the evauation criteria of the above-mentioned scenarios. This definition
follows a hierarchic logic, which firstly considers a class of general criteria that reflect the
globd objectives of sustainable development (see Agenda 21 Conference of Rio de Janeiro
1992). Chapter 8 of Agenda 2 1 “Integrating Environment and Development in Decision-
making" ams to reach a devedopment that is economicdly efficient, socidly equitable and
reponsble, and environmentally sound. Taken from this perspective, the distinct general
criteria are:
o Economic efficiency
o Consarvation of the ecosystem and environmenta integrity, the loca charecter and
higorica-cultural  traditions
+ Social and intergenerationd equity.
For each of these general criteria, more specific factors have been defined, which are mostly
linked to locd dimensions, and ae respectful of the festures, the problems and the
characterigtics of the area under andyss. The general and locd criteria have been organised
according to a tree structure as shown in Figure 2. Due to the different nature of the above-
mentioned  criteria, reflected in the specific indices, the values of correspondence of each
dternative with respect to each criterion are expressed on different scales: quditative and
quantitative. Such vaues are shown in the impact matrix in Table 2.
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CRITERION INDEX | A B C D
1) Creation of new job (+) Number of | 140 117 73 125
jobs
‘é’ 2) Condiruction costs (-) Billionlira | 60 55 70.3 51
% 3) Capacity to stimulate investment (+) Qualitative l Ext acod | Good Bad Good
| 4) Lake area for activity (+) Square km | 275 275 0 475
5) Capacity to encourage new activity (+) Qualitative | Extgood | Moderate | Bad Good
6) Potential to attract loca interest (+) Qualitative | Extgood | Bad Moderate | Ext good
7) Level of socia utility (+) Qualitative | Bad Ext.bad | Bad Ext. good
§ 8) Capacity to encourage non-profit sector (+) | Qualitative | Bad Ext.bad | Moderate | Good
@ 9) Capacity to encourage cooperation(+) Qualitative | Good Ext. good | Bad Good
10) Level of revershilitv of action(+) Qualitative | Ext.bad | Bad Ext. good | Good
11) Interference with migratory fauna(+) Qualitative | Yes Yes No No
‘g 12) Risk of water cloudina (+) Qudlitative | Yes Yes No No
E 13) Conservation of hio « diversity (+) Oudlitative | No No Yes Yes
'§ 14) Level of air pollution (+) Qualitative | Bad Good Good Moderate
=1 15) Level of integration of landscape (+) Qualitative | Ext.bad | Bad Ext. good | Good
16) Level of integration with local culture(+) | Qualitative | Moderate | Bad Moderate | Good

Table 2 Impact matrix

As shown in the impact matrix, the criteria (1,2,4) are expressed on a cardina scale, while the
criteria (3,5,6,7,8,9,10,14,15,16) are expressed on nominal scae (extremely good, good,
moderate, bad, extremely bad), where the vaue extremely good (Ext. good) represents the
optimal solution in comparison to the others.

In the following subsection we will present the weights assigned to each criterion as an
expression of the priorities assgned by the experts and by the public adminigtration.

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 included in the impact matrix, is fundamentdly a
political problem. In the present andlysis the assgnment of weights has been performed on
the basis of the hierarchicd logic described in Section 3.3.

Two weight systems have been specified. The first one refers to the main classes of
judgement (economic, socid, environment) and the second one to the sub-criteria The latter
st of weaghts srongly reflects the preferences of the political class and of the technica

experts involved in the project.

The vectors have been calculated with the aid of the Seaty Method software contained in the
program for multi-criteria evaluations (SamiSoft program). This program, which reproduces
the logic described in Section 2.3, dlows us to derive a priority ranking through a paired
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comparison between the criteria based on a 9-point scae (from 1 = equa important to 9 =
extremely important). Moreover, the program alows us to verify the coherence of collected
informetion through the specification of the principal egenvdue The first Step of the
methodology in this study conddts of interviewing the political class and the technicd experts
by means of a questionnaire based on Saaty’s fundamental scae in order to identify subjects’
preferences among the listed criteria

The results of the interviews are then used for the caculus of two weight vectors employed in

the evduation. One expresses the views of the political dass, the other the views of the

technica experts.

The andyds also condders a vector of uniform weights, in which for each criterion the

priority is assumed to be irrdevant. In other words, all combinations of weights are equaly

probable.

Table 3 shows the results of the cdculaions for the three sets of weghts. Andysng this

results, we can see that:

- From the experts point of view, when examining the economic criterion, they consder
“the creation of new jobs” a rdevant problem, assigning it the highest values. This result
seems to be plaugble, if we congder the high rate of unemployment in the area.

- Looking instead at the social criteria, the experts assign the highest vaue to the “Jeve] of
social utility ”; also this result iS quite conggtent with the objective of condgdering the re-
qudification of the Lake as an opportunity to improve the qudity of life generdly for the
people who live there.

— From an environmental point of view, they care most about the integration of the project
into the landscape, in view of the amazing natural and culturd heritage of the area. But,
even if the environmenta issue seems to take priority over other criteria, when we look
into the macro-criteria results, we find that the experts have rated both social and
environmenta  issues  highly.

In respect of the social criteria, the Public Administration expressed gpproximady the same

preferences as the experts did. As for the environment, the conservation of bio-diversty was

considered to be relevant and important.

Having collected the criteria preferences of these two groups involved in the construction of

the dternatives and in the final choice, we will now anayse the preferences of six different

groups on the proposed dtematives in a forum group.
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Uniform weight Experts weights Public
Administration
weights
W, W, W, W, W, W,
1) Creation of new job (+) 0.1666 | 0.33 0.427 0.49 0.178 0.684
2) Construction costs (-) 0.1666 0.097 0.04
E 3) Capacity to stimulate investment (+) 0.1666 0.127 0.264
g 4) Lake area for activity (+) 0.1666 0.024 0.067
5) Capacity to encourage new activity (+) 0.1666 0.057 0.102
6) Potential to attract local interest (+) 0.1666 0.268 0.349
7) Level of social utility (+) 0.25 0.33 0.566 0.49 0.331 0.228
g 8) Capacity to encourage non-profit sector (+) 0.25 0.046 0.268
@ 9) Capacity to encourage cooperation (+) 0.25 0.25 0.178
10) Level of reversibility of action (+) 0.25 0.138 0.223
11) Interference with migratory fauna (+) 0.1666 | 0.33 0.151 0.143 0.045 0.008
= 12) Risk of water clouding (+) 0.1666 0.045 0.189
é 13) Conservation of bio - diversity (+) 0.1666 0.028 0.398
E 14) Level of air pollution (+) 0.1666 0.072 0.242
“ 15) Level of integration of landscape (+) 0.1666 0.431 0.05
16) Level of integration with local culture (+) 0.1666 ' 0.273 0.076

Tabl€ 3 Table of alternatives Wergnt Systems

3.5. Organisation of Local Community preferences in a forum group

In this section we will collect the verdicts on the various development strategies, expressed by
the different interest groups. The Stated preferences regarding the different aternatives offer
the possbility to reach an evauation of the development dtrategies proposed in terms of
absolute  objectivity and transparency. The overall operation, which provides
technical/scientific support to the political decisons on the locad development modd, tends to
emphasise the codition between the socid components as an essentia instrument for the clear
definition of the choices for urban transformation. Moreover, the method offers the
opportunity to evauae the codition drategies between the groups in rdation to the
dtematives, which automaticaly appear on the basis of shared priorities.

The representative groups were selected SO as to address all socid components presumably
involved in the transformation of the area, based on the srategies for loca development. Each
representative group was gpproached with great care and was asked to participate in the
evaluation process expressing a linguistic evaluation regarding each altemative under
condderation. These groups were: 1) Environmentdists, 2) Policy-makers, 3) Locd
Associations, 4) Citizens, 5) Entrepreneurs and 6) Representatives of future generations.
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The linguigtic assessments could be expressed on the bass of a scale variable ranging from
Perfect to Extremely bad (Perfect, Very good, Good, More or less good, Moderate, More or
less bad, Bad, Very bad, Extremely bad).

This forum of representative groups was charged with the task to evauate the four
dternatives mentioned previoudy. The preferences expressed by each group, were ordered in
an “equity matrix’(Table 4).

Repr esentative judgement groups
2 c
— o) .2
g 2 5 =
2 g § 2 5
= 4 < L &0
E sE |83 |32 E =
g £< |3< S 4 &
8 |A|Ext.bad |Bad Bad Bad Fairly good Moderate
*é': B | IFairly bad |IModerate |IModerate |Bad Moderate Very bad
2 |C]|Good IModerate |(Good JFairly good |Bad Fairly bad
< |D|Very good |IExt. good | Very good | Ext. good | Very good JExt. bad
Table 4 Equity matrix.

4. The Application of NAIADE

In light of the above four dtematives, our am is to identify the most gppropriate use of the
natural resources of Lake Miseno. For this pourpose the NAIADE software was used; this is a
“discrete’  multi-criteria evaluation method that does not assume a traditiond weighting of
criteria (see also Section 2), but takes for granted imprecise preference Statements.

After having defined the forum’s responsveness of the dtematives to the evaudion criteria
and having collected the information regarding the preferences on the development strategies,

it is possble to define a ranking of dtematives proposed through the application of the
NAIADE.

(Ddf o | nter section Alternatives
0.95 0.04 A Tourig Port
0.39

0.52 B Acqua-culture Centre

<+ gy =-—> «+U

1
Al C Natural reserve
B

C
'
032 A 0.61
'
B

0.20 0.63 C D Recreational Park

Figure 3 Rank order of alternatives.
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As is shown in Figure 3, the final ranking originates from the intersection of two separae
rankings: the first one @ is based on the better and much better preference relations and with
a vaue risng from O to 1 it indicates that dternative A is better than all other dtematives.
The second one @ is based on worse and much worse preference reations, its vaue ranges
from O to 1, indicating that dtemative A is worse than all other dtematives.

The final ranking shows that dtemative D - Recreational Park - is the most agppropriate with
respect to the specific evauation criteria consdered, and is best able to guarantee loca
development in terms of sudtainability, as it is placed on the top of the hierarchy.

In the second place in the hierarchy, but way behind the results obtaned by dtemative D, is
the inditutiond dtemaive A - Tourig Port. Even further down in the ranking we find
dtemative C - Nature Resarve and the inditutionad dtemative B - Aquaculture Centre.

It is, therefore, plaushle to assert that the dtematives that tend to emphasise tourist potentia
and locd dtractions are preferable. In addition, among the atematives that operate in this
sense, those that guarantee development and promote invesment, profits and employment in
the area, are preferable. Less satifactory are the other strategies which tend clearly to favour
only one of the objectives of sustainable development (economic effidency, as in dtemdive
B, or environmentd consarvaion, as in dtemative C).

The results obtained, far from being absolute, have to be assessed by palitical decision-
makers, who are responsible for public choices.

Fndly, the compilaion of the equity matrix dlows the identification of the terms and
conditions which make it possble to congruct a codition between the different social groups
on specific development themes. The Equity Anayss provides the similarity index Gxy for
each par of interest groups, as well as the sSmilaity of judgement on the proposed
dtematives that measure the possibility of groups x and y that find an accord regarding their
different positions based upon shared proposals.

The dendrogram of caodition formation (see Figure 4) shows the immediate willingness of the
Environmental Associations, the Citizens and the Locd Associaions to reconcile ther
positions.

The dmilarity index rdative to the posshility tha the Gl (Environmenta Associations) and
G4 (Citizens) groups develop a codition drategy is extremey high (0.784), and the smilarity
index redive to the possbility that the G3 group (Locd Associations) finds a further
common interest with the G1 and G4 is also high (0.775). Groups G5 and G6 (Entrepreneurs
and Representatives of the Future Generations) are distant from the postions of these groups,
their expectations and ther vaues/objectives, which are not impossble to reach, however
would require a process of dialogue.

In any cesg, the identification of a dStrategy, which may be shared by all groups, is possible,
because the parametric index of smilarity is a reassuring one (0.657). Interestingly enough,
the Locd Govemment (G2) appears to be sendtive to the needs, priorities, and postions of
both the Environmental Associations, the Citizens and the Local Associations, as well as the
Entrepreneurs and Representatives of Future Generations, and therefore is able to interpret
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and join the social forces, and to exercise the necessary mediaion activity between the
interests in the fied.

Gl G4 G3 G2 G5 G6
0.7903
0.7757
0.7513
0.6554
4 Gl G2 G3 G4 GS G6
8 Environmenta |Public Local Citizen | Entrepreneur | Future
% list Adminidtration | Association generdtion

Figure 4 Dendrogram of coalition formation process

5

Rank Order of Alternatives Using the Regime Analysis

The previoudy defined impact marix, linked to the weight vectors cdculated in the last
section, has next been further anadlysed by means of the Regime method. The Regime method,
as described in Section 2, dlows us to andyse a matrix with mixed data linked with a weght
vector, and to define a ranking of the dtematives.
The results obtained (see Table 6, 7, 8) usng a new software programme for multi-criteria
andyss (the SamiSoft program) are expressed by an index of success for each dtemdive.
Thisindex indicates to what extent a project is preferable, compared to others.
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In the case study under analysis, the software used for multi-criteria analysis considers all the
Input scores asbenefit criteria, where the highest value is the best. In our impact matrix we
have both cost and benefit criteria, SO we have to transform the cost criteriainto benefit vaues
using a standardisation function (A mi/A) that is able to obtain values between O and 1 where
the highest score is the best (Table 5).

Moreover, the software used required us to change the value expressed originaly on a
nominal scale into an ordina one (1, 2, 3), where the highest value is the best.

CRITERION ' INDEX A B C D
1) Creation of new job (+) Number of jobs | 140 117 73 125

o | 2) Construction costs (-) Billion lira 0.85 0.93 0.73 1

§ 3) Capacity to stimulate investment (+) Qualitative 3 2 1 2

E 4) Lake area for activity (+) Square km 275 275 0 475
5) Capacity to encourage new activity (+) Qualitative 4 2 1 3
6) Potential to attract local interest (+) Qualitative 4 1 2 3
7) Level of social utility (+) Qualitative 2 1 2 3

.'._'g 8) Capacity to encourage non-profit sector (+) | Qualitative 2 1 3 4

A 9) Capacity to encourage cooperation(+) Qualitative 2 3 1 2
10) Level of reversibility of action(+) Qualitative ) 2 4 3
11) Interference with migratory fauna(+) Qualitative 0 0 1 1

%‘ 12) Risk of water clouding (+) Qualitative 0 0 1 1

g 13) Conservation of bio - diversity (+) Qualitative 1 1 0 0

E 14) Level of air pollution (+) Qualitative I 3 3 2

= 15) Level of integration of landscape (+) Qualitative 1 2 4 3
16) Level of integration with local culture(+) Qualitative 1 1 1 2

Tavle 3 dtandardised impact tabte

Results of the Regime Method

Criteria Intermediate results | Final results
E . > A B C D
conomic 099 | 036 | 0,01 | 065
Social . A B C D . A B C D
"1 022 | 019 | 062 [ 0,98 "I 0,39 0 0,61 1
. N A B C D
Environment . 0 037 0,03 0.7

Table 6 Rank-order of alternatives using the uniform weight vector.

We find, when examining the intermediate results of the Regime analysis using the uniform
weight vector (Table 6) for:
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- the economic criterig, dternaive A is preferable to the other two, as it provides the

highest number of new jobs; it also does not present high investment costs;

- the socid criteria, dternative D obtains the highest vaues, in the light of its capacity to

encourage the non-profit sector and to contribute to improving the level of socid tility;

- the environmentd criteria, dtemative C is preferable to the others, in fact, the idea of

cregting a natural reserve shows most respect for the biologica and natural issues.

Looking instead at the final results, dtemative D is preferdble. The suggestion to create a
recreationd park was the best combination of economic, socid and environmental issues, as

we have already seen in the previous section.

Criteria Intermediate results Final results
Economic—= A 1 B | ¢ | D
0.99 | 03 | 008 | 0.5
Social —»| A B c | D A B c D
| 0.4 0.32 0.3 | 09 0. 46 0.21 0. 46 0.87
Environmept—pl—A B c D
0.01 0. 34 0.9 0.75

Table 7 Rank-order of alternatives using the weight vectorfrom the point of view of experts

Criteria

Intermediate results L Final results
Econimic ) A B C D
1 0,37 0,03 0.6}
Social | A B C D A B C D
0,33 0 0.67 1 0,64 0,21 0.19 0.9
A B_ C D
Environmen 0 0,63 0.9 0,47

Table 8 Rank-order of alternatives using the weight vector from the point of view of Public

Administration

Tables 7 and 8 show, instead, the results obtained by the preferences expressed by the experts
and Public Adminigration. Looking both a the intermediate and the final results, apart from a
few differences in the vaues, they reflect perfectly the same reaults as obtained from the first

andyss. So also in these other two cases, dtemdtive D is preferable.

In the next section we will gpply the Hag modd to assess the sustainability of each dtemdive

in ration of a s&t of criticd threshold vaues.

6 The Application of the Flag Model

In this section, we will illugtrate the gpplication of the Hag modd to the case study under

andysis to check the sustainability of the dtematives in regard to a set of threshold values.
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This andlyss, carried out with the use of specid software (the Hag model) includes a program
for multi-criteria andysis (the Saaty program). There are two inputs to this program: an
impact matrix and a set of critica threshold vaues. Therefore, for each of the rdevant criteria
included in the impact matrix previoudy described in Section 3.3, it is necessary to edtablish a
critical threshold vdue (CTV).

The concept of critical threshold vaue is relaied to the normative concept of sustainability
(see Nijkamp and Ouwerdoot, 1998, where due atention is focussed on the question of how
sudanability can be identified as a normative orientation for policy). In other words, the
question is whether it is possble to define a st of reference vaues or threshold vaues (limits,
dandards norm) on resource use and environmenta degradation (pollution) to check the
impact of policy strategies and projects on the environment and society.

In this context, the notion of carying capacity is of great importance, & it indicates the

maximum environmenta dress that is dill compatiible with an ecologicaly sustaingble
economic development. This means that this concept refers to a threshold value that cannot be
exceeded without causing unacceptably high damage and risk to the environment. Clearly, for
each sustainable indicator, be it environrnental or socio-economie, a CTV has to be specified,
so that an entire set of CTV’ s may act as a reference system for judging actua states or future
outcomes (see Figure 5).

A magor practical problem is the fact that the CTV level is not dways unambiguous. In
certain areas and under certain circumstances different expert and decison-makers may have
different views on the precise level of an acceptable CTV. A relatively simple and

managesble approach to the above uncertainty problem is to introduce a bandwidth for the

corresponding  sudtainability indicator. A minimum value, CTV min, may be seen as the
threshold value on which the most conservative opinion agrees that it may eventudly be a
negative impact (min-max condition). CTV max, on the other hand, refers to the maximum
dlowable vdue of sudanability indicators, beyond which an darming deveopment will

certainly start (max-max condition) (Nijkamp and Ouwerdoot, 1997).

CTV min CTVv CTV max

] | ! I
0 A B C D

Section A |Green flag no reason for specific concern
Section B |Orange flag | be verv dert

Section C|Red flag reverse trend

Section D |Black flag Stop further growth

Figure 5 Representation of critical threshold values in Flag model

In our specific case, the bandwidth of critical threshold vaues has been defined on the basis
of the judgement expressed by the group of experts involved, due to lack of normative
reference vaues. This applies in particular when looking a the economic criteria for:

19




- construction costs: we consider as a limit the budget available to achieve the re-
qudification of the area established in the Renewa Plan, to be CTV = 59 bln of Lirg

- all other criteria with a quditative score we assume that the vadue 2 in the predefined
ordind scale (1,2,3,4) represents the minimum dlowable vaue of sustainability indicators
beyond which an darming devdopment would st in.

Table 9 shows the results of the frequency of flags in regard to each relevant class of criteria

and the total scores for each dternative. Moreover, Figure 6 show the frequency of flags for

each dternative in a quditative sense in a clugter column chart.

BIOPHISICAL ECONOMIC SOCIAL
ALL FLAG INDICATORS INDICATORS INDICATORS
B |[R |y |G |IB |[R |y |G |IB [R |y |G |[B |R |Y |G
A 10] 0[O0 416 0]O0]O0 1 010 3 3 010 1
B 111 0] 0] 3 6 1] 0[O0} 0} 2]0} 0] 2 3 0[O 1
C 8 0 [ O0f 6 1 0] 0f{514]0]0]O0]3 010 1
D 1 01 013} 1 0] 01} 5 0] 0fO0] 410 0] 0] 4

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

14
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Figure 6 Frequency of flags

Looking at the results of Table 9, we can see that dtemative D is the one that presents a large
number of green flags In fact, it has only one black flag that reflects the possbility for this
dtemative to create ar pollution.

In second place, we have dtemaive C, which in any case presents 8 black flags, mostly
concentrated on economic and social issues.
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Altematives A and B seem to be unsudainable, when we look a the environment. Clearly,
Figure 6 shows, in a quaitative sense, the same results as Table 9.

In the next section we will compare the results obtained from all multi-criteria methods thet
we have previoudy applied to check the consgstency of the results and the rdiability of the
methods.

7. Comparison of Results from Different Methods and Conclusions

In the previous sections, we have established the various rank orders of the atematives using
sved different methods the AHP method, the Regime anadyss and the NAIADE method
combined with the FHag modd.

From the Regime andyss we have obtained three rankings of the dtematives conddering
different sysems of weights linked with the criteria, while from NAIADE we found a ranking
of dtematives tha reflect the preferences expressed by the six groups that have taken part in
the forum. The Hag modd is capable of checking the sudainability of each dtemaive
compared to a st of critical threshold values. In this way we are able to define if an
dtemdive is acceptable or not. Table 10 summarises the results obtained and makes a
comparison between the different rank orders.

NAIADE REGIME FLAG
o* @ W, A W,

1 D D D D D D

2 C A C A A C

3 A B A C B B

4 B C B B C A

Table 10 Comparison between different rankings
Legend W= uniform weight vector
W,- weight vector from the point of view of the experts
W3- weight vectorfrom the point of view of Public Administration.

From the results of Table 10, we can see that dtemative D dways takes a first place, while
dtemative A gppears most frequently on a second pogtion. Altemative B, on the other hand,
is the most frequent choice a the fourth level, and so we can confirm that it is the lesst
auitable in this context.

In conclusion, dtemative D (Recreationd Park) seems to be preferable, because it is the one
that best fits the economic issues, as it tends to emphasise tourist potentid and locdl
atractivity. In addition, among the dtematives this is the one tha mosly guarantees
economic development, promotes investment, profits and employment, while a the same time
it respects the ared's environmentd attributes.

We conclude that the different methods used confirm these results and seem to be reliable
tools for reaching a shared choice in the planning process.
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