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Abstract— This paper addresses some results obtained within
the EU funded project DITTY as concerns the development of
a decision support system for the management of Southern Eu-
ropean lagoons. The first contribution is a general model-based
decision support structure, whose development was motivated
by the need for a common and flexible framework to ease the
integration of the outputs of different project work-packages
as well as to deal with the diversity of socio-economic and
environmental characteristics of the project case studies. The
proposed structure helps integrate and manage in a clear and
structured fashion the information provided by different kinds
of mathematical and analytical models (e.g., biogeochemical,

hydrodynamic, ecological, socio-economic models of a lagoon

ecosystem). Data and information obtained from the models
can be used to accomplish the decision task by application of
multicriteria analysis approaches. Robustness of the decision
is explicitly taken into account. As a second contribution,
the effectiveness of the proposed decision support structuris
shown through its real application to the management of clam
farming in the Sacca di Goro lagoon (ltaly).

. INTRODUCTION

and contribute to the decrease of their economic potential.
For these reasons, the prevention of further damage and the
introduction of sustainable development concepts aregbein
recognized worldwide as fundamental items in the regional
planning and management processes of coastal zones.

In Europe, in particular, both the individual governments
and the European Community invest considerable financial
resources in research projects aimed at analysing andgolvi
the problems related to coastal environments. Indeede sinc
these systems are subject to various kinds of anthropic
pressures, which are often sources of conflicts among the
different users, it is extremely difficult to balance theisec
economic interests with the environment safeguardindim t
respect, it is now widely recognized that integrated man-
agement, together with the development of interdiscipjina
and multicriteria approaches, is the key to the sustainable
equitable and efficient development of lagoon resourceis. Th
means that decisions need to be taken in the light of not only
environmental considerations, but also their economitiaso

Coastal lagoons are by nature complex systems charagyq political impacts. It requires also the active partitipn
terized by large fluctuations in the physical and chemicgf siakeholders in the decision making process. The real

parameters. This is primarily due to their location bet‘NeeBroblem is to find a practical way to achieve these aims.
land and open sea, which makes their equilibrium strongly

influenced by the quality of inland waters flowing into themA. Background and motivations
Additional problems arise from cost erosion, subsidenck an Mathematical models of the biological, physical and

effects related to extreme meteorological events.

chemical processes are fundamental tools for analyzing dis

Over the last decades, coastal zones have also becofgtions in the lagoon ecosystem due to abnormal conditions

an extremely valuable, but scarce, economic resource. TB®me examples related to Mediterranean lagoons can be
increase in value is mainly concerned with the enormougund in [1], [2], [3], [4], and references therein. How-
potential of coasts for residential, tourism, economiciflya  ever, the successful management of such complex systems
shellfish/fish farming), and recreational development. Ofequires the integration of the information provided by the
the other hand, concepts like sustainable use of the nafathematical models with other kinds of analyses. Socio-
ural resources and sustainable coastal development habnomic analysis assumes for instance great importance in
been often disregarded. Overcrowding, degradation ofrwatgoastal lagoons, where various kinds of anthropic pressure
quality, resource exhaustion, conflicting use of resouyrcegaquaculture, fishery, tourism, etc.) are sources of casflic
multiple and uncoordinated ecosystem modifications (e.gamong different users. Hence, to the aim of a successful inte

structural changes in lagoon topography, artificial inseeaf  grated lagoon resource management, the following advances
the number of sea connections, changes in bathymetry, et)research are considered as advisable [5]:

undertaken with only limited sectorial objectives in mind, 1) Modelling and decision making need to be undertaken

are some of the current issues associated with coastal, areas
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3)

4)

in a more integrated way.

Methods for evaluating the economic and social im-
pacts of new policies need to be developed and imple-
mented.

Scenario-based approaches need to be developed to
allow testing of potential policies and management
changes before these are implemented.

Improved participation and awareness methods need to
be developed, and their use fully understood.



It is apparent that, through the integration of modelling To the best of the authors’ knowledge, the high-level block
approaches, management tools, and multicriteria analyssructure proposed in this paper for model-based decision
a high development potential can be exploited to achievaipport systems was not formalized before in the literature
successful results. To this aim, a suitable framework iserep Quite notably, several important decision support systems
sented by Decision Support Systems (DSS), i.e. informatiateveloped for specific applications, such as [8] and [14],
systems that assist decision making processes. Decisikn mét the general structure proposed here. Hence, this steictu
ing means selecting between alternatives. The main fumctioepresents a unitary framework for many decision support
of a DSS is therefore to design, generate and present differesystems already designed, and provides an answer to “still
alternatives, and provide tools for their comparative gsia] open methodological questions about the development and
ranking and selection, given the decision-maker’s cadteri structure of operational decision support systems with and
objectives, and constraints. for European decision makers in the field of water resource

In the last decade, decision support systems have besmnagement” [15]. The significance of the proposed DSS
widely applied to the sustainable management of coastsiructure is more thoroughly discussed in Section IlI-B.
basins and water resources. The interest on these tools isAnother contribution of this paper is the application of
confirmed by the recent special issue [5], where severtile proposed decision support structure to a real decision
examples of integrated decision support tools for watgsroblem in the lagoon of Sacca di Goro (Northern Adriatic
resources management are presented. The reader is d@sa, ltaly). Here, the decision problem was concerned with
referred to [6], [7], [8], [9], and references therein. the grant of new concessions for clam farming in the lagoon.
The DSS response provided effective and useful support to
the Administration of the Province of Ferrara, which dedide

The main contribution of this paper is a general modelat the end of 2005 to stop the grant of new concessions.
based decision support structure that is applicable inimultApplications to the other DITTY project case studies are not
objective decision problems where several mathematiahl areported in this paper due to space limitations. Another ap-
analytical models of a (complex) system are available.  plication of the proposed scheme is presented in [16], where

The proposed DSS structure was developed in the contgxdrticular emphasis is devoted to an optimization model for
of the EU funded project DITTY. One of the objectives of theresource allocation in coastal lagoon areas charactebyed
project was the development of a prototypal decision suppashellfish farming and agriculture.
tool for the management of Southern European lagoons.The paper is structured as follows. A short introduction to
Test sites of the project were the lagoons of Ria Formosgecision support systems is given in Section Il. Section IlI
(Portugal), Mar Menor (Spain), Etang de Thau (Francelescribes and discusses in detail the proposed DSS s&uctur
Sacca di Goro (ltaly), and Gera (Greece). The diversity afhile Section 1V illustrates its application to the Sacca di
socio-economic and environmental characteristics of ds& ¢ Goro lagoon. Conclusions are drawn in Section V.
studies required a tool which was capable of a common
approach to different decision cases, and responsive in a Il. OVERVIEW ON DECISION SUPPORT SYSTEMS
range of cultural, political and organizational contexist
also flexible enough to adapt to the specific objectives al
constraints of a particular decision problem. In additithe Decision support systems cover a wide variety of sys-
core of each DSS implementation had to be representé&@ms, tools and technologies for informing and supporting
by the mathematical and analytical models developed félecision makers. Based on the tool or component that
each site in other phases of the project. The efforts wegovides the dominant functionality in a DSS, Power [17]
thus primarily directed toward the development of a genProposes a taxonomy of decision support systems by distin-
eral model-based DSS structure into which all site-specifi@uishing communication-based, data-based, documertibas
decision problems could be cast. knowledge-based, anuodel-basedSS.

The DSS structure includes a mechanism for generating Model-based decision support systems integrate different
the alternatives to be compared. The available models d#ds of mathematical and analytical models for simulation
used to simulate the system under each alternative, agfd prediction of the systénbehavior. Hence, model-based
to compute system performance indicators related to eaBSS exploit the full resolution and detail of simulation
decision criterion. Multicriteria analysis approaches &ir models, thus avoiding the pitfalls and limitations of the
nally used to evaluate and rank the alternatives on the bagigproximations often used for optimization. Key issuesnwhe
of both the values of the indicators and the interactioflesigning a model-based DSS are the choice of appropriate
with the decision maker. Several multicriteria analysisiso models and software, and the definition of data formats.
[10], such as the Analytic Hierarchy Process [11], refeeencVery large databases are usually not needed for model-based
point [12] or ELECTRE [13] methods, can be applied todecision support systems.
this aim. Robustness of the decision is taken into account

in an effective way by explicitly distinguishing the sousce 1We distinguish thesystemi.e. the part of the real world (environment,
ople, activities, etc.) that is the object of the decisioaker's interests

of uncertainties, namel_y_a” the system Inputs that are n&ﬁd actions, and thaecision support systeme. the tool for supporting the
controllable by the decision maker. decisions.

B. Paper contribution

n%. Model-based decision support systems
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Fig. 1. High-level block scheme of the proposed model-basef Bx@hitecture.

B. DSS terminology and logic both physical and practical constraints.
It is assumed that the decision problem is structured and With the above definitions, the basic DSS logic is simple.
presented in terms of: A set of alternative control options for the system are

_generated by changing the values of the controllable vari-
I{:\ebles. Each control option leads to a corresponding system
performance, which is expressed by indicators. Perforesnc
qre analyzed, evaluated and compared by means of suitable
multicriteria analysis tools to arrive at the final prefezen
ranking of the alternatives, and the eventual choice of a
preferred alternative as the solution of the decision msce

« The control options i.e. the alternative actions, strate
gies, and/or policies that can be undertaken to affect t
system behavior.

« Thecriteria on which basis the system performance le
by each control option is evaluated.

« The objectives i.e. the type of optimization to be
performed on each criterion.

« The constraints establishing bounds for some/all the

criteria in order to make the evaluated alternative ac- o ] N
ceptable or feasible. Once the decision problem has been identified, and struc-

0tlured in terms of control actions, criteria, objectivesdan
constraints, the main elements of a decision include the
design of promising, feasible alternatives and the sulesqu
selection of a (possibly optimal) solution from a set of
Ilternatives thus generated or identified.
Following the basic DSS logic described in Section II-
. B, the scheme of the proposed model-based DSS archi-
Example. If local authorities are asked to grant NeWiacture is shown in Fig. 1, where the models play a key
farming concessions for e}quaculture, and have to.decide tﬂﬁe between the control option generation and the perfor-
amount of such concessions, the allocated farming area s, ,ce evaluation and comparison (multicriteria analysis)
the controllable variable. The different component blocks of the DSS architecture
On the other hand, thencontrollable variablesdescribe will be described in detail in the following. Here, it is
external factors that are not subject to choice, but do &ffestressed that the proposed DSS architecture may answer both
the system performance. Their role in the DSS can be ontwhat-if” and “how-to” questions, since simulation models
viewed in terms of sensitivity and robustness of the fingberform scenario analysis, while optimization/satistactis
decision. addressed in the multicriteria analysis section. In addjti
Example Typical uncontrollable variables are the weathe® feedback mechanism makes it possible to adapt the set of
conditions and the water inflows for the biogeochemicagvaluated alternatives in order to meet the given objestive

models of a lagoon, and the prices and market data for the lock .
economic models. A. Blocks description

The criteria are expressed by meansnaficators and are 1) Control options:The block “Control options” provides
used to describe the system and evaluate its behavior alfieé alternative (pre-existing or generated on demandyabont
performance under alternative control options. The oljjest options by assigning different values to the controllable
correspond to indicators whose value has to be either mavariables. A discrete approach is assumed, where a finite
imized or minimized. The constraints impose a maximungpossibly very large) set of alternatives is considered: As
and/or minimum value to the indicators. They may corresuming thatp controllable variables are considered, and
spond to thresholds defined on the basis of regulations endfo different alternatives are generated, thelimensional
experience, and allow to discard unacceptable alterrsativevector V; contains the values assigned to the controllable
Additional variables that do not correspond to criteriaf buvariables in theth alternative; =1, ..., n.
the decision maker might want to constrain, are referred to The generation mechanism is not specified, since it may
as internal variables Note that also the controllable anddepend on the application. Note that the discrete approach
uncontrollable variables could be bounded in order to refledoes not guarantee optimality, so that the smaller the set

Ill. THE PROPOSEDDSSARCHITECTURE

The aim of the DSS is to support the choice of a contr
option that is both effective (i.e. meets the constraintg) a
efficient (i.e. optimizes the objectives). In this respdht
control option definition and design is of central importanc
The control options are described by value assignments 3
the controllable variables



to choose from, the less likely it will contain a good (inthe alternative options for several value assignments @f th
some sense optimal) solution. On the other hand, for highiyncontrollable variables, and then to consider an average
complex systems it can be the only possible approach, whicanking, as described in Section 1V-D.2.

implies that one should always attempt to generate thesarge 4) Data storage:For fixed external conditions, the values
possible number of alternatives. of the performance indicators corresponding to ithevalu-

The generation mechanism can effectively exploit th@ted control options are stored in thex m matrix
feedbackfrom the multicriteria analysis stage in order to -
I=[L ... 1,]". 1)

extend or adapt the set of possible solutions in response
to the user’'s preferences. Indeed, concrete solutionshwhic 5) Multicriteria analysis: If only the jth criterion is
have been formulated and analysed typically bring a deepgénsidered { = 1, ...,m), the best control option can be
insight and understanding of what the problem actually issimply selected by taking the optimum over tfth column
and how it could be better solved. In addition, in some casef (1). However, when all then criteria are considered, it
the alternative options are not readily available, and lave happens very likely that the optimum over each column is not
be discovered. achieved by the same control option. In this case the setecti
2) External factors: This block provides values for the of the best alternative (namely, the one which achieves the
uncontrollable variables describing the external factbet most suitable trade-off) is neither direct nor intuitivenig
cannot be controlled/manipulated by the decision maker, bjustifies the need for multicriteria analysis tools.
are required for the accurate system simulation, and affectNumerous algorithms to solve multiple-criteria decision
its performance. problems have been developed during recent decades (see,
Uncontrollable variables represent the uncertainty &ffece.g., [10] and references therein). The methods differ é th
ing the decision process. Inadequate values assignedrto théype of information they request, the methodology used, the
could invalidate the results of the study. Hence, their iole sensitivity tools they offer, and the mathematical pragert
the DSS can be viewed in terms of sensitivity and robustne#izey verify. Indeed, practical applications of the multeria
of the final decision (see the subsequent Remark 3.1). approach are hindered by the ambiguity of choosing one
3) Models: This block represents a suitable interconnecParticular method among all those available. Each method

tion of the models used to describe the system behavior. TH&Y Potentially lead to different rankings, and the choite o
use of models is twofold: a methodology is subjective and dependent on the decision
maker’s predisposition.

» To make simulations and predictions of, e.g., the phys- In the Sacca di Goro application illustrated in Section 1V,

ical, chemical and biological, as well as the economigye adopted multicriteria analysis tool is the Analytic Hi-

'?'gdcgomu3It;/&$:blteesrf;):r:]gisgs;;edritators for a uantita?ramhy Process [11], but the use of different tools, such as
* P P 2 g reference point (Wierzbicki, 1998) or ELECTRE (Roy, 1991)
tive assessment of the evaluated control option.

_ o . } methods, is also possible in the proposed structure.
When theith control option is considered, = 1,...,n,

the block “Models” receives as inputs both the controllabl- Discussion

variables characterizing that particular control optiamd The DSS structure described in Section IlI-A represents a
the uncontrollable variables. The block output is an  valuable contribution in view of the items in Section I-A:
dimensional vector; (wherem is the number of criteria) « The clear high-level block structure facilitates model-
containing the values of the system performance indicators based DSS design by presenting in a very simple, intu-
under theith control option. Possible constraints imposed itive, and clear conceptual scheme the logic flow from
on the indicators, as well as on the internal variables, are the definition of the alternatives to their comparative
checked during the simulation. If one or more constraings ar  evaluation by means of multicriteria analysis. Hence, it
violated, the considered alternative is discarded as sitfésa fulfills item 1 of Section I-A in two ways:

The internal structure of the block “Models” primarily — It calls the DSS development to drive the entire

depends on the type of available models, and hence is
case specific. Fig. 2 shows the block components and their
interconnections in the application developed for the Sacc
di Goro lagoon.

Remark 3.1:For a given control option, the values of the
performance indicators are clearly affected by the uncbntr
lable variables. Hence, in order to perform a fair evaluatio
of different alternatives, the system performance must be
compared under the same external conditions. In addition, i
order to make the DSS more robust with respect to varying
external conditions, robustness analysis can be performed
through both statistical and scenario analysis technidems
instance, it is strongly recommended to evaluate and caenpar

study. In many DSS projects the DSS is considered
at the very end of the project, with the only aim of
adding value and justification to whatever analysis
went before. More correctly, the prior definition
of the DSS structure focuses complementary steps
such as data compilation, development of models
and indicators, scenario analysis, etc., to the re-
guirements of the DSS, to be sure that the infor-
mation finally available is complete, meaningful,
and relevant to the decision problem at hand.

It enables a clear definition of communication
protocols, data flows, interchange formats, inputs
and outputs needed by and from the models, etc.
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Fig. 2. Internal structure of the block “Models” in the amglfion of the proposed DSS scheme to the Sacca di Goro lagsenstady.

« The proposed DSS structure emphasizes the role since shellfish farming activities are responsible for intgot
mathematical and analytical models for simulation okcosystem disruptions, it is expected that increasing the
the alternatives and performance assessing. In this marming area will very likely result into a worsening of the
spect, it allows for the integration of the methodsecosystem health. Hence, the aim of the DSS is to help the
developed in view of item 2 of Section I-A. local authorities in finding a suitable trade-off betweea th

o It allows for the implementation of “what-if” ap- socio-economic interests and the environment presenatio
proaches, in view of item 3 of Section I-A. “How-to” .- I

. . . _A. Decision problem definition
questions can be also addressed by virtue of multicri- o . ) . ]
teria analysis, and a feedback mechanism which makes The decision problem of interest is summarized in Table |

it possible to adapt the set of evaluated alternatives #@llowing the terminology introduced in Section II-B. The
order to meet the given objectives. continuous involvement of the end-users in the definition of

« The block structure, which is the result of an effortthe criteria, objectives and constraints was fundamemtal t
of simplification and abstraction, achieves item 4 ofliCit their expectations. _
Section I-A by making the decision process more trans- "€ only possible action available to end-users concerns

parent to stakeholders, but also to model developerg‘,e amount of hectares of new concessions granted to clam
who might not have the know-how in the field of farmers. Constraints on the minimum and maximum allo-

decision support and optimization. In particular, thecable aquaculture area are set: 1300 ha corresponds to the
concept of robustness of the decision is clearly madedrrent allocated area, while 1450 ha is the maximum exten-
accessible by explicitly distinguishing the sources ofion the administrators estimate as feasible. Three itaiea
uncertainties. (described in Section IV-B) are considered for assessiag th

Finally, it is stressed that the modularity of the proposegerformance of the evaluated control options:
DSS structure both simplifies the debugging, and allows for * The Net Present Value (NPV) of aquaculture cash flows
a continuous development of the DSS. Indeed, the structure t@kes into account the pure economic aspect of the
is prepared to take advantage of the availability of new Problem. End-users aim at maximizing the aquaculture
or more accurate models, which can be easily plugged revenue to boost the economic development of the area.
into it. The more detailed the models, the more reliable

the DSS responses, without any limitation imposed by the TABLE |
structure. DECISION PROBLEM DEFINITION FOR THESACCA DI GORO LAGOON
Control actions Controllable variables Constraints

IV. APPLICATION: THE SACCA DI GOROLAGOON - —
Grant new farming min: 1300

In this section the proposed DSS structure is applied to concessions Aquaculture area [hall  yay: 1450
the management of clam farming in the Lagoon of Sacga—criera indicators Objectives| Constraints
di Goro (Northern Adriatic Sea, Italy). Sacca di Goro is @ aquaculture —
coastal lagoon with a surface area of 26%situated at the revenue NPV [MEuro] maximize -
south edge of the delta of the Po River. Here, local autleariti | Environmental vs
are asked to grant new farming concessions for aquacultufeSconomic balance
and have to decide the amount of such concessions. However, Water quality LWQI [%] maximize -

WE/NPV [MJ/Euro] | minimize -
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Fig. 3. Oxygen dynamics simulated by the biogeochemical modéteof Fig. 4. Plot of the LWQI. The oxygen (see Fig. 3), DIN, DIP, and
Sacca di Goro under “dry” external conditions and 1350 haaagiture  chlorophyll-a concentrations, as well as the macroalgaecrege, are
area. It can be seen (not reported in this plot) that anoxsesrcorrespond  provided by the biogeochemical model of the Sacca di Goro. Eehet
to peaks in the production dflva. line represents the average LWQI value.

« The Lagoon Water Quality Index (LWQI) expresses gorcing conditions measured in a dry year. Anoxic crises

pure environmental criterion related to water quallty(deﬁciency of oxygen) are particularly evident.
Local administrators aim at preserving water quality, . .
o ST . 2) Economic analysisThe NPV represents the aquacul-
and hence at maximizing this indicator, in order to . .
. ture revenue, and is computed as the difference between
ensure a sustainable development.

« The ratio of the Wasted Exergy (WE) to the NPV forbeneﬁts (the income from the sale of clams) and costs

the aquaculture economic sector (denoted by WE/NP\)( 0., salaries, co;ts for dredging and harvestmg, o).
ash flows are discounted back to their present value. In

expresses a mixed environmental and economic critg- = . L . .
: T - e first approximation, the benefits are proportional to the
rion. Minimizing this indicator corresponds to a more . ;
- harvested clams, while the costs are proportional to bagh th
efficient use of the lagoon ecosystem.
aquaculture area and the harvested clams.

B. Models 3) Environmental analysisThe LWQI [18] is based on
The internal structure of the block “Models” in the pro-the WQI of the National Sanitation Foundation (NSF),
posed application is shown in Fig. 2. A biogeochemicand on the standards of the Organisation for Economic
model represents the core of the structure, since it préooperation and Development (OECD). It takes into ac-
vides simulated values of the main biological, physical andount six environmental indicators, namely dissolved oxy-

chemical parameters of the lagoon, as well as predictiogen, dissolved inorganic nitrogen (DIN), dissolved inariga
of the clam production. These values are used to perforphosphorus (DIP), chlorophyll-a, macroalgae coveragd, an
various kinds of analyses (namely, environmental, ex@rget phanerogams coverage. It is computed according to the
and economic analyses), and to compute the set of indicatdesmula .
characterizing the performance of the simulated altereati
The component glocks in Fig. 2 are described with more LWQI = ij ) 2)
detail hereafter. It is stressed that not all the uncorabdd =t
inputs are shown in Fig. 2, both for clarity of the schemavherew; are nonnegative weights which sum up to 1, and
and since, in the first approximation, some of them cayf;(-) is a suitable value function transforming the indica-
be considered certain (e.g., unit prices and costs for thier v; into a quality index between 0 and 100.
economic analysis). The plot of the LWQI corresponding to the above men-
1) Biogeochemical modelThe 0D biogeochemical model Fion_ed one-year simulation is shown.in Fig_. 4. By comparing
of the Sacca di Goro lagoon proposed in [3] is used fof With Fig. 3, one may note that the index is worse when the
dynamic simulation of the main biological, physical andSyStém shows bad health status, like during anoxic crises. |
chemical parameters of the ecosystem. The model considétgvorthwhile to stress that, to perform multicriteria arss,
the nutrient cycles, and the phytoplankton, zooplanktom arfh€ average LWQI value over time is considered (see again
macro-algae Ylva) dynamics. The oxygen dynamics andFig. 4). Since thg deterioration of water quallty in recent
the shellfish farming are also modelled. Nutrients frony®ars has determined the death of phanerogams in the lagoon,
the watershed, wet and dry deposition, temperature, ”gﬁhanerogams coverage is neglected in LWQI computations.
intensity, wind speed, etc., are considered as uncoritfella 4) Exergetic analysisThe exergetic analysis is aimed at
inputs, while the aquaculture area is the controllable inpuevaluating the modifications to the lagoon ecosystem indiuce
The model outputs that are used for performance analysisy anthropic exploitation. The thermodynamic definition of
are shown in Fig. 2. exergy is the amount of work that a system can perform by
The time resolution of the model is daily. Fig. 3 shows théveing brought into equilibrium with its environment. For a
plot of the oxygen dynamics over one-year simulation undegiven economic sector, the Wasted Exergy (WE) is a measure
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Fig. 5. Plots of the performance indicators (NPV, WE/NPV, aidQl,) versus the aquaculture area for fixed weather conditidhe dark bar in each
plot denotes the best option according to the correspondfiiterion.

of the consumption of renewable and non-renewable exer@bviously,a;; = 1 for all j. The relative importance of two
related to the production of that economic sector, where prariteria is measured according to a numerical scale fiom
duction is intended as the aggregate of marketable produdts9, so that the largen;,, the more important is thgth
(e.g., clams and mussels for aquaculture). Operatively, it criterion compared to théth criterion.
defined as the difference between the input and the output
exergy of the production process. D. Results
The ratio WE/NPV_for the aquaculture economic s.ector 'S This section presents two different types of results that
used as a mixed environmental and economic cr‘|‘ter|on ,[19I]1'elp show different aspects of the decision process. For
It can l_)e interpreted as the amount of ec_osystem_ health Iog clear visualization of the results, only — 7 control
per unit of revenue. Hence, the smaller 1S the ratio WE/NP\éptions, obtained by varying the aquaculture area from 1300
the_more sustainable are the production activities for the) 1450 ha with steps of 25 ha, are evaluated and com-
environment. pared. Clearly, more detailed simulations can be performed
if needed. Indeed, a possible use of the DSS is first to
consider a rough set of options ranging from a minimum
In this application the adopted multicriteria analysisltooaquaculture area (corresponding to the policy of maintgini
is the Analytic Hierarchy Process (AHP) [11]. The AHPthe current situation) to a maximum area (the maximum
may aid the decision maker to set priorities and make thalocable aquaculture area) and, in a second phase, to refine
best decision by reducing complex decisions to a seri¢Be search in the most promising zone.
of pairwise comparisons, and then synthesizing the results In particular, the presented results are obtained by vgryin
In addition, the AHP incorporates a useful technique fothe criteria weights in order to show the ability of the DSS
checking the consistency of the decision maker’s evaloafio to model the preferences and the objectives of end-users.
thus reducing the bias in the decision making process.  Moreover, robustness issues are illustrated by showindtses
The AHP considers a set of criteria, and a set of alternativelated to the variations of the external factors. The aito is
options among which the best decision is to be made. Select a control option that is robust with respect to vagyin
weight is generated for each criterion based on the decisiafimate conditions.

maker's pairwise comparisons of the criteria. The higher 1) Varying the criteria weightsThe system is simulated
the weight, the more important the corresponding criteriofyyer 5 time horizon of three years with seven different
Next, for a fixed criterion, relative scores are attributhe 5)yes of the aquaculture area. Normal weather conditions
alternatives with the same pairwise comparison mechanisigye assymed in all simulations. The plots of the performance
The higher the score, the better the performance with réspeSgicators (NPV, WE/NPV, and LWQI) are shown in Fig. 5
to the considered criterion. Finally, the AHP combines thghere the system nonlinear behavior is evident. Different

weights and the scores, thus determining a global score fgjighis for the criteria are obtained by the AHP based on
each option, and a consequent ranking. The global score fgp, pairwise comparison matrices

a given option is a weighted sum of the scores it obtained

C. Multicriteria analysis

with respect to the single criteria. I 1 3 5
The pairwise comparison matrid of the criteria is an Ai=13 1 % , Ay = % I 3. 4
mxm matrix where each entry;; represents the importance 5 3 1 % % 1

of the jth criterion relative to theith criterion. If a;, > 1, o _ o

then thejth criterion is more important than teh criterion, Note that A, privileges the environmental criterion (ex-
while if a;;. < 1, then thejth criterion is less important than Pressed by the third indicator, LWQI), whilé; privileges
the kth criterion. If two criteria have the same importancethe economic criterion (expressed by the first indicator,

thena; is 1. The entriess;;, anday; satisfy the constraint NPV). The corresponding AHP scores are shown in Fig. 6.
By comparing Fig. 5 and Fig. 6, it is evident that the AHP

ajpor; = 1. (3) is actually able to reflect the decision maker's preferences
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