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Abstract
In the present article we analyse the problem and the effects of changes in irrigation technology that affect a farmer
community in the Cavallino Peninsula in the northeast of Italy. The obligation of closing and sealing the wells, which
are currently used in the area for irrigation purposes, is due to a national law aimed at preserving the groundwa-
ter resources and preventing subsidence phenomena in the Venice area. The enforcement of this law implies that
the regional administration is obliged to provide farmers with sufficient water supply for their agricultural activity.
The methodology developed within the MULINO Project was used in this analysis, to test the potentials of a de-
cision support system tool (mDSS) developed by the project. Firstly, the decision context was analysed and, as re-
sult, the problem was subdivided in two more specific sub problems: one related with water abstraction and the
other related with water distribution. In order to build the decisional model, the opinions of experts and the pref-
erences of the stakeholders were taken into account in different phases of the process. The results allowed the com-
petent administration to identify the stakeholders’ main concerns about the development of a new irrigation sys-
tem and to develop strategies to cope with them. The quality of the water supplied and the economic effects of the
change in the irrigation system were the main issues dealt with in this process. The application of the MULINO
approach and DSS tool added efficiency and transparency to the decision making process, by allowing the elicita-
tion of opinions and preferences of all the actors involved in the process, and demonstrating that, notwithstanding
the different viewpoints and interests, a general consensus could be reaches on a single management option.

Key-words: irrigation, decision support system, multicriteria analysis, public participation.

1. Introduction

Like environmental planning in general, Integrat-
ed Water Resources Management (IWRM) is usu-
ally characterised by the involvement of numerous
decision-makers operating at different levels and
of a large number of stakeholders with conflicting
preferences and different value judgments
(Lahdelma et al., 2000). This makes the develop-
ment of policy implementation strategies and de-
cision-making in the context of IWRM a very com-
plex issue, since it also requires a broader integra-
tion with other sectors such as environment, ener-
gy, industry, agriculture and tourism.

Adequate methodologies and tools are there-
fore necessary in order to measure how a spe-
cific policy meets the objectives of the various
actors, to identify and understand the possible
conflicts that may arise between these actors and,
finally, to design possible paths and courses of ac-
tion to arrive at a sustainable solution. Science
and research are called upon to play a stronger
and more policy relevant role to find adequate
methodologies and tools (ICSU, 2002).

The European Water Framework Directive
(WFD) (EC, 2000) specifically addresses public
information and consultation in Article 14. The



Member States have to involve the public in the
implementation of the Directive by publishing
specific information relevant to the River Basin
Plans and by being open to the public’s com-
ments about the planning process. Member
States should also encourage the active in-
volvement of all the interested parties, which re-
quires more than the publication of information,
and this is a novelty for some European coun-
tries, including Italy.

EU Member States with little experience in
public participation, may find the implementa-
tion of the WFD principles very challenging. Es-
tablishing new lines of communication and the
facilities for collecting and recording public
opinions may be costly, and such procedures
may be incompatible with current planning ap-
proaches. Moreover, there may be resistance to
what may seem like a step towards a redistrib-
ution of power that threatens the freedom of in-
dividuals or organisations to make decisions in
a non-transparent way.

Clear roles played by the various actors are
a prerequisite for an effective participatory
process. The decision maker is situated in the
centre of the decision-making process and has
the institutional power and responsibility to se-
lect and implement a solution for a specific
problem. Stakeholders are all those that may in-
fluence or will be influenced by the conse-
quences of the solution adopted and imple-
mented by the decision maker. The analyst, who
is the person/group that helps and guides the
decision maker to analyse and represent the
stakeholders’ preference structures is also often
present. This latter role is typically played by
scientists in applied research.

In order to facilitate the active involvement
of all the stakeholders in water decision prob-
lems there is a challenge to be faced: the inte-
gration of scientific knowledge and public par-
ticipation. This is not an easy task.

Indeed, once the crucial importance of pub-
lic participation in the decision-making process
in IWRM has been recognised, the following
step must be to clarify how public participation,
decision-making and scientific knowledge can
be integrated. For this integration, all the mean-
ingful information has to be collected, struc-
tured and presented in an understandable way
to help decision makers integrate all the actors
involved in the decision-making process and all
the scientific knowledge available. Decision

Support Systems (DSSs) are the tools the sci-
entific literature proposes to cope with such
problems in the management decision process-
es. Several DSSs have been developed in recent
years to satisfy this need, for various kinds of
water resource planning and management such
as prevention of water shortages (drought), sur-
pluses (floods) and water impairment (pollu-
tion). Examples of such DSS tools are WA-
TERWARE (Jamieson and Fedra, 1996),
AQUATOOL (Andreu et al., 1996), NELUP
(O’Callaghan, 1995), FLOODSS (Catelli et al.,
1998), DSSIPM (da Silva et al., 2001), STEEL-
GDSS (Ostrowski, 1997).

Another recently released DSS is mDSS, de-
veloped by the project MULINO (MULti-sec-
toral, INtegrated and Operational Decision
Support System for Sustainable Use of Water
Resources at the Catchment Scale), funded un-
der the Fifth Framework Programme of the Eu-
ropean Union1. The mDSS tool has been devel-
oped with the specific aim to assist water au-
thorities improve the quality of decision-mak-
ing and achieve a truly integrated approach en-
visaging socio-economic and environmental
modelling techniques and multi-criteria decision
methods, with specific reference to the require-
ments of the EU Water Framework Directive.

This paper reports the results of the appli-
cation of the MULINO methodology and DSS
tool to the “Cavallino” case study (northeast
Italy), one of the test sites chosen by the pro-
ject to support the development and testing of
the approach proposed.

2. Materials and methods

2.1 The case study

Until now, the water used to irrigate the mar-
ket gardens of the Cavallino peninsula has been
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extracted from private wells. This system, based
on groundwater abstraction, must be abandoned
as a result of an Italian national law (DL
29/3/1995 n. 96) that prescribes the sealing of all
the wells in order to protect groundwater re-
sources and to avoid the subsidence problems
that affect the Venice area. According to the cit-
ed law, the “Basso Piave” Irrigation and Recla-
mation Board (BPB) was given the responsibili-
ty to design a new public irrigation system, draw-
ing water from the Sile River and distributing it
to the farms through a pressurised network.

The process of implementation of the leg-
islative prescription has been slowed down by
political debates and social conflicts with farm-
ers’ associations opposing the change of current
systems. Although the water from the river was
shown to be of good quality, farmers (whose
main activity is horticulture) were distrustful
and asked for further investments in water
treatment plants. This opposition was seen, at
least by some of the interested parties, as a strat-
egy for stopping, or at least delaying the imple-
mentation of the legislative prescription.

Given the complexity of the local situation,
the Land Reclamation Board decided to partic-
ipate in the activities of the MULINO Project
and to contribute by including the Cavallino
Aqueduct in the list of the project’s case stud-

ies, in which a new decision support system was
to be developed and tested in diverse decision
processes in Europe. In the present case the
mDSS tool was used to assess the aqueduct pro-
ject and to evaluate whether additional water
treatment plants were or were not a good fur-
ther solution.

Cavallino is an elongated and thin peninsu-
la that stretches between the Lagoon of Venice
(Italy) to the North and the Adriatic Sea to the
South (see Figure 1). The landscape is flat and it
is made of 2500 ha of reclaimed land (fossil
coastal dunes converted to agricultural land), half
of them cultivated. The Cavallino area is part of
the wider drainage basin that flows into the la-
goon. The soil is sandy, mainly cultivated with
horticultural crops, maize and soybean. The wells
used for the water abstraction are deep. The wa-
ter used for irrigation is located in a series of
sandy aquifers at depths varying between 80 and
200 m below the mean sea level.

Due to the complexity of the problem
analysed, the decisions were formalised and struc-
tured in two separate steps: the first one related
to the choice of water abstraction and distribu-
tion systems and the second related to the possi-
ble treatment of the irrigation water, in order to
cope with possible qualitative problems.

The first step was formalised according to
the Environmental Impact Assessment (EIA)

Ital. J. Agron. / Riv. Agron., 2006, 4:715-725

717

Figure 1. The study area.



dossier required by the regional administration
as part of the project documentation and pre-
viously drafted by the BPB. The EIA dossier
provided information for the definition of the
alternative options and the evaluation criteria
to be considered for the first step, to be for-
malised in mDSS, as described in Section 3, in
order to provide a further contribution to the
analysis and communication of the problem
with the interested parties.

Considering that three possible alternatives
were available for water abstraction and three for
distribution, the result is a theoretical combina-
tion of nine alternative options. But, following the
indications of the EIA and the interviews with
the project designer, only six options could be
considered as technically efficient in the paretian
sense (Table 1). For example in order to utilise
the Existing branch point (Option 3 concerning
abstraction), there is no other possibility than to
use a PVC pipe network (option B concerning
distribution), because in this option the network
must be lain beneath the Venetian Lagoon. Only
the combined option 3B was therefore considered
in the multi-criteria analysis.

Concerning the criteria to be considered for
the ranking of the alternative options in step 1,
the EIA dossier also provided the quantifica-
tion of the performances of the various options,
previously acquired by the BPB by interviewing
experts, who provided judgments in a scale
ranging between -3 for the worst judgement,
and +3, for the best judgement.

While the first step was already conducted
by the BPB, the definition of the second deci-
sional step was elaborated within the research
project and adopted the methods proposed by
the MULINO approach, to innovate the usual
approach to decision making by emphasising
the involvement of the interested actors,
through the implementation of participatory
processes. Two main activities were put into ac-
tion to facilitate the involvement of the inter-
ested parties: i) a farm survey conducted with a
questionnaire (Q1) aimed at investigating the
current agricultural systems of the Cavallino
Peninsula and the farmers’ perception of the
project in question (Dridani, 2002); and ii) the
stakeholder analysis conducted with another
questionnaire (Q2) compiled by means of in-
terviews with a more diversified group of actors,
including, besides farmers, representatives of in-

stitutions and associations at various levels mu-
nicipal to regional).

As shown by the outcomes of Q1, farmers
quite often oppose the re-organisation plan for
two main reasons: concerns about the availabili-
ty of water and concerns about its quality. Re-
garding the first problem, technical agronomic in-
vestigations demonstrated that the vast majority
of farms will maintain or increase the current vol-
umes of available irrigation water, but with a re-
striction: differently from the current situation
(water available on demand from the private
wells) farmers would be obliged to re-organise
irrigation with turns of a few hours per day.

Possible limitations deriving from the turns
have a rather simple technical solution in build-
ing small farm reservoirs, that can be managed
with the pumps currently used for the wells. The
water quality issue, instead, appeared to be
more complex and was therefore deeply inves-
tigated in the second step of the decisional
process. The analysis of the possible technical
solutions in terms of different types of purifica-
tion systems, allowed the identification of four
possible responses to the problem:
– NONDEP: no treatment;
– DEPCEN: centralised treatment plant;
– DEPAZI: farm treatment systems;
– DEPSET: decentralised purification system

based on real time monitoring of water quality.

2.2 The MULINO approach for the analysis of
alternative irrigation systems

The typical application context for the MULI-
NO methodology and the mDSS software is de-
fined in terms of a decision in the field of sus-
tainable natural resources management and in
particular in the IWRM field. The methodology
is inspired by the principles of the WFD and has
been designed with water authorities as the tar-
get users, and its application foresees the in-
volvement of decision makers, experts and
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Table 1. The Options – Cavallino.

Option Abstraction location Distribution system

1A Mouth of Sile river Cement pipe network
1B Mouth of Sile river PVC pipe network
2A Existing pumping station Cement pipe network
2B Existing pumping station PVC pipe network
2C Existing pumping station Existing open canal
3B Existing branch point PVC pipe network



stakeholders. According to the requirements of
the WFD, the approach developed by the project
specifically targets the support of the competent
authority in managing the planning or decision
processes with the active involvement of inter-
ested stakeholders (Article 14 of the WFD).

The MULINO methodology leads the user
(i.e. the decision maker, DM) through a process
that begins with describing and structuring a wa-
ter management problem, information sharing
among selected stakeholders, and finishes with
identifying a final choice between possible al-
ternative solutions to the problem (Figure 2).

The involvement of stakeholders begins with
the analysis of social networks that serves to dis-
close the existing relationships between the var-
ious actors (including the decision makers) in-
volved in water uses and management within
the area interested by the decision to be taken
(e.g. a new project or plan). Very importantly,
the Social Network Analysis (SNA) as imple-
mented in the MULINO approach, gives the op-
portunity to identify efficient means for consid-
ering the different opinions in the decision
process (e.g. the weighting of decision criteria,
as described below) and, later on, for imple-
menting them in the decision to be taken.

According to the MULINO methodology,

the main stakeholders are initially selected by
the competent administration, in this case the
BPB, and they may in turn suggest others to be
involved (the so-called snow-ball technique). The
collection of information about the local network
is based upon questionnaires (Q2) compiled by
interviewing the selected stakeholders. The ques-
tionnaires, designed by the sociologists involved
in the project (see Rodrigues et al., 2006, for more
details) analyse the local social networks, the re-
lations between actors, in terms of intensity and
purpose, and between the stakeholders in the
study area. The questionnaires are also aimed at
investigating the stakeholders’ knowledge about
the identified problems, their ideas about existing
alternative options, and the criteria to be consid-
ered in the choice – as well as their weights.

The data collected in Q2 allow to build a so-
ciomatrix, i.e. a matrix depicting the intensity of
social relations within local networks, grouped
in six classes ranging from 0 (no relationship ex-
isting) and 4 (very frequent – almost daily – con-
tacts). The sociomatrix and other information
about social networks were analysed by means
of the AGNA (Applied Graph & Network
Analysis) software, which provides the follow-
ing capabilities:
– visual representation of the local network,
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Figure 2. Flowchart of
the MULINO method-
ology.



that also allows clustering various interest
groups existing in the network;

– computation of various parameters that
characterise the network, such as;

– distances between members of the network
(Network diameter, eccentricity, the geodes-
ic matrix, shortest path between individuals);

– sociometric parameters such as nodal de-
gree, density and cohesion of the network,
emission, reception and determination de-
grees, and sociometric status of each indi-
vidual of the network.
Having analysed the local networks, the

MULINO approach envisages the use of mDSS
as a means for managing and communicating
the whole decision process, culminating with the
identification of the preferred choice within a
finite set of options, through the implementa-
tion of Multi-Attribute Analysis (MAA) meth-
ods. According to Simon (1960), mDSS guides
the user through three decision phases: “Intelli-
gence, or Conceptual phase”, “Design phase”
and “Choice phase”.

In a typical application, the first step is to
identify the study area. Once this has been done,
its socio-economic and environmental charac-
teristics are described according to the DPSIR
conceptual framework (Driving forces, Pres-
sures, State, Impact and Response) (EEA,
1999). Causal relationships and dynamic inter-
actions within the area are conceptualised in a
procedure through which the user is asked to
construct DPS “chains” in order to identify the
main cause-effect relationships between human
activities, described by D and P indicators, and
the state, or change of state, of water resources
(S indicators). This first phase is termed “Con-
ceptual Phase”. The MULINO methodology in-
troduces a local network study to be complet-
ed through a series of interviews with selected
stakeholders, and the application of modelling
tools to analyse the dynamic aspects of the wa-
ter cycle. The decision maker can thus structure
the problem in collaboration with stakeholders,
through a questionnaire targeted to the deci-
sional problem in question. The socio-econom-
ic and environmental information is stored in
appropriate catalogues and organised according
to the DPSIR approach in various formats al-
lowing the user to deal with spatial and tempo-
ral data series.

The user is then ready to enter the “Design

Phase” where he/she describes the alternative op-
tions, selects the decisional criteria taking into ac-
count the results of the local network analysis,
and the results of data coming from surveys, cen-
sus, monitoring and modelling are stored in the
Analysis Matrix (AM). The AM is structured with
options in the columns and decisional criteria in
the rows. Criteria are quantified by means of the
indicators selected within the DPSIR conceptual
framework built in the Conceptual phase.

The evaluation, normalisation and weighting
of the multidimensional data stored in the AM
take the decision maker to the “Choice Phase” in
which the Evaluation Matrix (EM) is built, and
one or more decision rules are applied to identi-
fy the “best” option. Local network question-
naires are designed to support public participa-
tion by collecting structured information about
stakeholders’ preferences that relate to the deci-
sion problem. These preferences can be combined
in the mDSS’s group decision-making routine.

In this final phase, the mDSS software allows
the user to analyse how the variables influence
the selection of the preferred option through
the sensitivity analysis and, finally, a “sustain-
ability chart” is provided to assess the balanc-
ing of social, economic and environmental per-
formances of the various options (more details
about MULINO and mDSS can be found in the
MULINO Project, 2004).

3. Results

3.1 Analysis of the altenative abstraction and dis-
tribution systems 

As previously stated, the results of the EIA pre-
viously carried out by the BPB were elaborat-
ed to be implemented in the mDSS, in order to
allow for more efficient data processing and
communication with the interested parties. The
judgements expressed by the experts regarding
the performances of the 6 possible options for
water abstraction and distribution (originally
scaled between -3 and +3, as reported in Table
2) were normalised to fall between 0 and +1 us-
ing simple benefit type value functions, to pro-
vide the values for the mDSS Evaluation Ma-
trix. The decision maker preferences were fur-
ther investigated by eliciting the weights to be as-
signed to each decision criterion using a hierar-
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chical approach. Firstly, the DM was asked to as-
sess the weights of two macro-criteria (environ-
ment and socio-economics). After that, for each
macro-criterion, the DM was asked about the rel-
ative importance of the criteria within the two
macro-criteria, and so on for the three hierarchi-
cal levels. The final weights were calculated by
multiplying the criterion weight by the relative
weights until the last level of criteria (Figure 3)2.

Having defined the contents of the EM and the
criterion weights, decision rules were used to
compare the different options. The evaluation
using Simple Additive Weighting shows that op-
tion 2A should be preferred, i.e. the utilisation
of an existing pumping station along the Sile
River to divert water to the Cavallino Penisula
by means of a cement pipe. Even if it is diffi-
cult to say that the differences are determinant,
one can certainly conclude that option 2 (the
water abstraction place) is dominant. This would
suggest further analysis to obtain more precise
data about the distribution system starting from
the abstraction point 2. The evaluation using
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Table 2. Analysis matrix of Step 1: abstraction and distribution options.

OPTIONS
CRITERIA 1A 1B 2A 2B 2C 3B

Quality of abstracted water 1 1 3 3 3 3
Quality of transported water 3 3 3 3 -1 3
Impact with the river ecosystem -3 -3 0 0 0 0
Punctual landscape impact -1 -1 0 0 0 -2
Lineal landscape impact 3 2 3 2 -1 2
Socio-econ. impact of abstraction system 3 3 2 2 2 1
Socio-econ. impact of distribution system 2 -1 2 -1 3 -1
Losses in the network-efficiency 3 2 3 2 -1 2
Material and installation costs 3 2 3 2 -1 2

Cavallino Case Study Weights
Abstracted

44,80%
Water quality 80 80,00% 44,80%

80 80,00% 56,00%
Transported

11,20%
20 20,00% 11,20%

Environmental
Biodiversity

70 70,00% 3,50%
5 5,00% 3,50%

Abstraction system
9,45%

Landscape impact 90 90,00% 9,45%

15 15,00% 10,50%
Distribution system

1,05%
10 10,00% 1,05%

Abstraction system
16,80%

Construction and maintenance 80 80,00% 16,80%

70 70,00% 21,00%
Distribution system

4,20%
20 20,00% 4,20%

Socio-economic

30 30,00% Network loses/energy consumption
6,00%

20 20,00% 6,00%

Material costs
3,00%

10 10,00% 3,00%

100,00%

Cost of materials and installatio

Landscape impact of the 
distribution system

Socio-economic impact of the 
abstraction system

Socio-economic impact of the 
distribution system

Network loses over distribution 
system

Quality of abstracted water

Quality of transported water

Impact on the river ecosystem

Landscape impact of the 
abstraction system

Figure 3. Results of the hierarchical weighting procedure (Step 1).

2 This top-down weighting procedure was more intuitive
for the DM, when several criteria should be considered,
because it appeared to be very difficult to express the set
of weights to a very long list of criteria at the same time.



other decision rules gave the same results as the
Simple Additive Weighting, thus supporting the
idea about the robustness of the ranking. Fig-
ure 4 shows the ranking of the options through
the interface of mDSS.

3.2 Selection of most suitable option for water
treatment

Amongst the efforts for establishing fruitful
communication and collaboration with stake-
holders of the Cavallino Peninsula, the above-
mentioned farm survey was preliminarily car-
ried out to define Step 2 of the decision process.
The main results about the part of the ques-
tionnaire (Q1) targeted to the farmers’ percep-
tion of the planned aqueduct show that 98% of
them were informed about the project, mainly
through their associations that informed them.
They were informed also about the expected
long-term environmental impacts of the current
irrigation system, that motivated the reorgani-
sation project. The majority of the farmers
(71%) perceived problems in their sector main-
ly related with soil availability, drainage and wa-
ter quality, but the main issues expected from
the project are related with water quality, water
availability and economic impacts in their ac-
tivities. Having identified the water quality is-
sue as the main focus of the following step of
the study, it appeared clear that the main insti-

tutions involved in water management were to
be involved in the participatory process,
through the Social Network Analysis (SNA).
The BPB was included in the interviews to al-
low for acquiring information about the exist-
ing networking and, in case, for identifying
possible strategies for improving relationships
and communication with the various stake-
holders.

The analysis of the sociomatrix produced
with the questionnaires and the elaboration pro-
vided by the AGNA software allowed for iden-
tifying the intensity of communication between
stakeholders and for clustering of stakeholders
after analysing the network for frequent (3) and
very frequent (4) interactions between individ-
uals.

Three important clusters of entities (individuals
or groups/institutions) with intensive communi-
cation ties can be identified from the image:
• Cluster A – Groups or individuals involved

in the use of water for agricultural purposes:
– Farmers and agricultural associations (en-

tities 2, 3, 6 and 8 in figure 5);
– Land Reclamation Board (also end user);
– Municipal administration of Cavallino –

Treporti.
• Cluster B – Environmental decision makers

at the regional level:
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Figure 4. Ranking of al-
ternative abstraction and
distribution systems (Step
1): results of the Simple
Additive Weighting.



– Veneto Region – Dept. for Special Law for
the Venice Lagoon;

– Veneto Environmental Protection Agency.
• Cluster C – Regional Civil Engineers De-

partment3.
Regarding the Density of the network, which

represents the actual number of connections re-
ported to the total – and theoretic – number of
available connections, the Cavallino network (0.75
– in the value range 0, 1) was observed to be high,
thus showing that most of the available connec-
tions between individuals are practically used.

Regarding the Cohesion parameter (an in-
dex showing the degree of reciprocity of the
connections, i.e. the actual number of reciprocal
connections divided by the total number of pos-
sible reciprocal connections), the Cavallino net-
work once again showed a high value, with a co-
hesion index of 0.61 (higher than 0.5).

More information about the Sociometric
Status (i.e. the intensity of communication of an
individual with the other partners with whom
he/she is in direct contact) and the identifica-
tion of shortest communication paths from end
user to stakeholders were calculated for the use
of BPB, and are not reported here for brevity.
Worth to note is the fact that, given the limited
size of the area, the social actors involved in the
network showed to have good opportunities to
communicate directly, without intermediaries.

Having defined the structure of the local net-
works, the analysis matrix was obtained from
the BPB experts by using a pairwise compari-
son for each criterion, based on their knowledge
and experience. The value functions were con-
structed using the benefit type shape, from
which the evaluation matrix reported in Table 3
was obtained.

Stakeholders being grouped according to the
clusters described above, the results of Q2 were
processed to derive the values of weights ex-
pressing the preferences per social group. Thus,
the result of each weight of criteria is the arith-
metic average of the weights expressed by each
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Figure 5. Intensity of the local network.

3 This can be considered as a cluster by itself, as it rep-
resents the regional authority that delivers technical per-
mits for water abstraction from wells, being thus in a not
frequent contact with none of the other individuals of
the Cavallino local network.

Table 3. Evaluation Matrix. Step 2.

OPTIONS
CRITERIA NONDEP DEPCEN DEPAZI DEPSET

Quality of water 0.04 0.15 0.51 0.30
Investment costs 0.62 0.06 0.19 0.14
Maintenance costs 0.64 0.05 0.11 0.21
Ease to manage 0.69 0.16 0.06 0.10

Cavallino Network - clusters for high intensity relations



of the interviewees belonging to the same clus-
ter. Table 4 presents the averages and standard
deviations of the weights expressed by the clus-
ters.

As pointed out by Q1, water quality is a pro-
duction factor of primary importance for the
horticultural systems located in the Cavallino
Peninsula. It thus becomes of uppermost im-
portance for the cluster involved in agriculture
(almost 40%). It is also of high importance for
environmental regional organisations, that take
into account more criteria than the individuals
in the agricultural cluster did (the more criteria
we have – the lower is the relative weight).

In the case of environmental decision mak-
ers, water quality is now seen more like a raw
material, as the evaluation of water quality as
an environmental criterion was made in the pre-
vious step of the analysis. The cluster consisting
only of the Civil Engineers Dept. from the
Veneto Region pays no attention at all to wa-
ter quality, as the subject lies outside their re-

sponsibilities. They focus mainly on the costs
(both investment and maintenance) involved by
the project – and consider also the project’s man-
ageability more than the other clusters.

Having defined the contents of the AM for the
second step of the analysis and the weights of cri-
teria, the last phase of the decision process was
the identification of the preferred option for wa-
ter treatment. Here the results of social network
analysis were used to compare the preferences of
the three groups of stakeholders representing dif-
ferent points of view about the problem.

Simple Additive Weighting was used for the
comparison of the alternatives because it is the
simplest and the most comprehensible one for
all types of stakeholders. The ranking obtained
by the different sets of weights, as shown in Fig-
ure 6, was similar, demonstrating that, notwith-
standing the different opinions about the prob-
lem in question, all the groups concluded that
the preferred solution should be to avoid any
investment in treatment plants.

Giupponi C., Féas J., Stanica A., Furlan L.
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Table 4. Aggregated weights of criteria by cluster.

CLUSTERS
A B C

WEIGHTS

CRITERIA Average Average S.D. Average value S.D.

Water quality 0.00% 26.78% 0.07127 39.76% 0.144834
Ease to manage 29.17% 24.31% 0.086642 27.51% 0.206351
Maintenance cost 29.17% 19.86% 0.088039 12.23% 0.118088
Cost of investment 29.17% 13.34% 0.004192 12.23% 0.118088
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Figure 6. Results of the Simple Additive Weighting according to the preferences of the various social clusters for what con-
cerns water treatment (Step 2).



4. Concluding remarks

The MULINO approach and, in particular, the
combination of SNA and the mDSS tool, showed
potentials to formalise and standardise the deci-
sion process, thus allowing parallel, but coherent
and comparable, decision processes to be carried
out by different stakeholders. The mDSS tool was
useful for working at the interface between tech-
nical and political “bodies” within the adminis-
tration, and for supporting the political side, by
facilitating the introduction of more transparen-
cy and efficient communication. It served to im-
plement both the results of the Environmental
Impact Assessment and those of the analysis of
alternative options for water treatment.

This study demonstrated also the usefulness
of the mDSS when confronting the preferences
of a range of stakeholders.

On the other hand it appeared clear that the
implementation of mDSS requires a trained
user, i.e. a motivated user with time available
to invest in learning how to use the tool and
the description of DPS chains, though provid-
ing a useful support for clarifying the decision
background and its interpretation by the deci-
sion makers, showed to be in some cases sub-
jective or ambiguous.

Public participation was rather unusual in
the area, at least as a structured and formalised
process. If found a positive attitude for collabo-
ration both within the farmers and among the in-
stitutions involved in the process. Unfortunately,
difficulties found by the project at higher deci-
sional levels in the implementation of the choic-
es made, which slowed down the realisation of
the project, could negatively affect the credibili-
ty of participatory approaches in future cases. Ef-
ficient communication wit all the involved par-
ties could limit these negative consequences.
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