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the field of expert systems . When we move from the basic level
of description and comprehension of coastal dynamics to the
level of vulnerability assessment, and on to th e level oflCZM,
we develop a framework of analysis that is suit able for im­
plementation within a Decision Support System (DSS). Th e
DSS can represent a st ructuring element to the propo sed top­
down modelling approach. It may implement the framework
of analysis for coastal management and represent a support
tool for the utilisation of the suite of detailed models together
with the available sets of data.

Th e final result can be envisaged as an information system
(Figu re 3), i.e. a knowledge-based system able to handle, in a
formal way, the set of available models as well as the avail­
able data, information and knowledge.

MODELliNG THE PHYSICAL SYSTEM AND THE
GEOMORPHOLOGY

Role of Physical Modelling

Physical modelling must first consider changing coastal hy­
dr odyn amics du e to scenarios of relative sea-level rise and
oth er climate variables such as changing river discharge,
wind patterns, tidal range and wav e clim ate. In principle
these could be derived by adapting and using state-of-the -art
models (e.g., HORIKAWA, 1988). Th ese results will provide
boundary specificat ions for the ecological modelling (e.g . spa­
ti al and temporal va riability of advective currents), and at
th e same time will be used in the morphodynamic modelling
of coastal areas . DE VRIEND et al. (1993 ) describe the state­
of-the -art in long term coastal morphodynamic and sediment
tran sport modelling and define a stra tegy for further devel­
opment. Long-term gene ralisations are difficult to formulate
because of th e poor understanding of the changing impor­
tanc e of specific process depending as temporal and spatial
scales change .

Behaviour-Oriented Modelling

When we are in the difficult position of trying to meet the
demand for long-term morphological predictions, the avail­
abl e knowl edge is limited to:

• short-term processes knowledge based on physical prin­
ciples

• empirical knowledge based on limited observations, sim­
ilarities, and intuition.

Tr aditionally, these two sources of information have been
consid er ed separately: a problem was either approached from
an empirical or a proce ss-based direction. More recently an­
oth er approach has been developed: behaviour-oriented model­
ling(CAPOBIANCO et al., 1993 ). It is an approach that can very
well be integrated under the qualitative modelling frame­
work. The concept is to develop an understanding of the be­
haviour of a coastal system, eithe r observed in the field or
using process-based model runs with real-life input condi­
tions, and map it onto a simple mathematical model which
exhibits th e same behaviour. Thi s model does not need in
principle to have any rel ationship with the underlying phys­
ical processes. Th e term beh aviour has a restricted meaning

in this cont ext: it does not refer to th e morphological evolu­
tion in it s entire complexity, but only to certain crit ical as­
pects defined by th e model origina tor. A simple example of a
behaviour-oriented model is th e well-known Bruun Rule for
predicting beach erosion of sa ndy shores in response to sea ­
level rise (BRUUN, 1962; HANDS, 1983; SCOR WORKING
GROUP 89, 1991). Th e beh aviour of a sa ndy shore line is de­
scribed by a simple geometric concept ra the r th an a det ailed
formulation of sediment transport, a lthough in thi s particu­
lar case, th e beh aviour descr ibed ca n be deduc ed from phys­
ical rea soning.

Most large-scale coas tal probl ems concern complex geo­
morphic sys te ms lik e est uaries, deltas and tida l inlet s. The
amount of sedime nts which circula tes within these sys te ms
is often large compared with th e exchange of sediments with
neighbouring systems. A variety of process-based models may
be applied to such systems, producing useful results from a
diagnostic point of view. However, th eir pr edictive value re­
mains limited, eithe r becau se they only describe th e residual
transport field and ignore morphodyn ami c inter actions, or
because they only include some of th e relevant physical pro­
cesses. To complement the process-b ased models, th er e are
often well-established empirica l equilibrium a nd transient re­
lationships for coastal syste ms, such as th e equilibrium state
oftidal inl ets as a function of tid al pri sm (DE VRIEND, 1996 ).
These more empirical approaches can also be applied in si t­
uations where only qu alitative information is available (see
below).

Basic Objectives for Integrated Modelling

In summary , th e objectives of th e physical-system-oriented
modelling (both process-based and behaviour- oriented ) are :

• To develop hydrodynam ic and morphodynamic model
concepts for coastal sys te ms at large tim e and space
scales;

• To verify and calibra te th ese dyn amic models by com­
parison with experime nta l data ;

• To utilise th ese models to ga in insight into th e coastal
system respon se for differ ent "forcing" scena rios;

• To provide hydrodynami c and morphodynamic inputs for
the ecological models;

• To provide the basic physical inform ation required for
vulner ability assessment.

In addition to th e probl ems of predi cting temporal evolu­
tion, a basic probl em which rem ains to be solved is how to
handle the complexity related to th e spat ia l variability. Thi s
problem has become more a ppa re nt as more complex geo­
morphic systems are consid ered. Th e use of GIS technologies
helps to consid er th e structura l dim en sion, but is probably
not yet abl e to resolve th e functional dim en sion .

MODELliNG THE ECOLOGICAL SYSTEM AND
THE LANDSCAPE

The Presence of Feedback Mechanisms

Th e ecological sys te m represent th e firs t "layer of use" of
th e physical sys te m. Clima t ic and human-induced changes
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will affect coastal ecosys te m. In the present context , we a re
most inter ested in those ecological changes which will induce
a cha nge in morphology and vice versa. Changes in sedime nt
bud gets are a critical issu e as it will affect t he state of coas tal
ecosyste ms (e.g. man grove, marsh es, sea grasses, etc.i, which
in turn influ ences sediment ret en tion and coastal geomor­
phology (VILES and SPENCER, 1995; FRENCH et al., 1995).
Cha nges in sediment bud get s may be induced by climate
change or othe r anthro pogenic factors such as th e cons t ruc­
tion of dam s. Th e significance of biological interactio ns has
often been ignored, mainly becau se of th e lack of precise in­
formation regarding th e ra tes of supply of biogeni c compo­
nents to coastal systems, as well as the role of coas tal biota
in trapping and affecting t he cohesiveness of sediments.
There is a need for future work to focus on the inter action of
majo r ecosyste m types with th e sedimentary and geomorphic
environment, as well as assessing the implicat ions of ecosys­
tem perturbations on coastal stability . (HOLLIGAN and DE
BoOIs, 1993; BIJLSMA et al., 1995).

In coas tal ecosystems the re are oth er feedbacks from ecol­
ogy to hydrodynami c and sedime nt transport processes which
mak e it necessary to directly coupl e complex ecosys te ms mod­
els to morphodynam ic models. Th e exte rnal dr iving forces are
susce ptible to change by direct and indirect consequences of
human activitie s at local , regional and global scales . Before
anthro pogenic cha nges can be addre sse d, however , the rela­
tive importance of va rious sedime nt sources, t he effects of
changes in relative sea level, an d the effects of th e wave/wind
field on coastal eros ion and accretio n mu st be better defined ,
particularly with respect to th e role of episodic events, such
as floods a nd storms , which may have important long-term
impli cati ons (e.g. BOESCH et al., 1994; DAYet al., 1995). More­
over , an understanding of th e role of biological processes in
sediment trapp ing and sediment cohesion is necessary.

Role of Ecological and Landscape Modelling

Modelling can serve as a tool in formulating and testing
hypotheses , directing future resea rch efforts, making specific
pr ediction s about th e impacts of major changes in the sys te m
(natural a nd human -induced ). Th ere needs to be a close in­
teraction between modelling efforts undertaken for distinct
bu t interacting physiographic units. Hypotheses concern ing
both the functionin g of th e natural sys te m and the impact of
natural and human -induced cha nges have to be fixed. Be­
cause these processes are complex, interdependent, and
scale-dependent, a suite of models capable of simulating the
various processes and thei r interdependencies at va rious spa­
tial and tempora l sca le levels is necessary.

Ecosyst em sim ulation models may be developed a nd tested
at two levels of spatial sca le:

• individua l hab itats or physiographic units
(wetlands, agr iculture areas, lagoons, beach/dune, etc);

• a gri d of cells , more or less independ ent of the above
units.

Ecosystem-oriented spa tial landsca pe models have been de­
veloped for th e Mississippi delta over th e last decad e (Co s ­
TANZA et al., 1988; 1990 ). Th e developmen t of spatia l ecosys-

tem simulat ion models for the Mississipp i delta was aimed
at pr edicting long term habita t succession and horizontal wa­
ter and material fluxes. Th ey have been applied to practical
man agem ent problems such as the costs and benefits of
building levees. Other wetland models (MITSCH, 1988) have
been qui te successful in reproducing historical data and pr e­
dicting impacts for various long term scenarios (i.e. sea-level
rise, river diver sion ). New approac hes to long te rm hab itat
and popul ation succession are also the objects of study of
structura l dynamic models (JORGENSEN, 1990).

Physiographic-Unit-Based Landscape Models

A fully integrated spa tia l landscap e model could be based
on a cell division of the st udy area. Each cell in the grid will
contain a copy of the ind ividu al un it models developed above.
Unit model equa tions will be integrate d into the spa ti al gri d.
Differ ent levels of aggregation of these uni t models can be
eva lua te d to det ermine an optima l compromise between ac­
curacy and man ageability. Su ch cell models will naturally in­
terface with raster-b as ed Geographical Information Syste ms.

Th er e are, however , situa tions for which cell models are
less appropriate and unit based models should be cons idered.
As an exa mple, if one is only interested in isolated features ,
such as lagoons, river bra nches, fishe ries or settlements,
which are local ised in space whil e inter mediate areas are of
no conce rn, a cell approac h will re quire consid erabl e data
which is not used . Alte rnatively, we can consider geometric
data models that includ es point features, linear features and
areal features: ea ch feature being defined by sets of co-ord i­
nates. Thi s means that we should define and use interacting
objects that represent real-world physiographic units (see again Fig­
ure 3 for an example of a lagoon entrance ). Th ese (simulated
world ) objec ts may correspond to physical en tit ies at various
levels of aggregation. Each of the m is characterised by State,
Behaviour, Identity whi ch are influe nced by (Figu re 5):

• Attributes, i.e. properties of an object which can be affect­
ed by other objects ,

• Operations, t ransformations of properties of an object
whi ch can be brought about by anothe r object by anothe r
object,

• Association, i.e. the relat ionship between two objects, and
• Generalization, i.e.the rela t ionsh ip between a class of ob­

jects and one or more specific memb er s of it .

Such physiogr aphic un it-b ased models will naturally inte r­
face with vecto r-based Geographic Information Systems and
perfectly integrate with the corres ponding GIS perspective.
Ph ysiogr aphic un it-based modelling is compa tible with Naiv e
Geography (EGENHOFER and MARK, 1995) that establishes
the link between how people think about geographic space
and how to develop form al models based upon th is way of
reason ing that can be incorporate d into software sys te ms.

Physiogra phic uni ts can be consi de red as an exte nsio n of
the concept of coas tal cell, where the cond itions that deter ­
min e their forcing factors and boundaries include as pects oth­
er than sediment t ra ns port alone . A physiogr aphic uni t , for
instance in the case of the highly dyn ami c deltaic fringes, can
be subject to stru ctural morphological evolution, particularly of

Jo urnal of Coas ta l Research, Vol. 15, No.3, 1999



710 Capobianco et al.

Information Base )

Model Base )

Integration

l1JJ
GIS &

--", / .' User Interface
Data Basel )~I

· v l____JJ.....~

Figure 4. F ramework for integration.

its interfaces with other units. This mean s that the st ructure
and th e character of a un it may chan ge through ti me . At the
longer time sca les, physiographic units could also undergo
composition or transformation of their intrinsic morphological pro­
cesses. At the time sca les of our direct interest th ey can cer­
tainly evolve and such evolut ion can be described using va r­
ious ty pes of models.

We just briefly mention the fact th at, at relatively sma ll
spatial sca les anot he r approach to modelling, based on the
use of cellula r automata (E N GE L EN et al., 1995), can be ap­
plied . It is important to note that both ap proaches allow us
to accommodate the characterisation of human interference
and natur al forcing factors and, to a variabl e exte nt , the
avai lable kn owledge about the natural envi ronmental dy­
nam ics.

Specia l emphasis has to be given to physical/ecological in­
teractions. The objective is to predict major changes in hab­
itat distribution within the area, including losses of habi tat
to open water an d changes in habitat due to species succes­
sion. As one attempts to increase the spatial resolution with­
in a uni t, the result will become more sensi tive to input pa-

rameters. Since more details of the system have to be de­
scribed, the model becomes more data dema nding.

QUAliTATIVE MODEU.lNG AS A TOOL FOR
INTEGRATION

Description of Qualitative Mechanisms of Influence

In a man agemen t situation, ra pid ana lysis is often neces­
sary. For this task, the environmental professiona l acts as an
expert. Judgemen t criteria and rul es of actio n are progres­
sive ly built up from experience and ap plied to the available
data and information. Data and information are translated
into qualitative ter ms to become the basis of reasoning. For
instance a time evolution curve of a parameter will be ana­
lysed accordi ng to its tendencies (increase, decrease, steadi­
ness), at a certain level (high, low, medium), an d with a cer­
tain speed (fast, slow), or according to its general shape (a
set of basic shapes or patterns could be identifie d from ex­
perience) . Simi la rly, cause -an d-effect re lationships can be
specified by identifying the direction of influence of one var­
iable on anothe r (positive affects, negative affects) .

1~-;;;~~~-.:=-------=-----=-------=-------=-------=-----~
: I State I

1 ! Identity Parameters 1
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Figure 5. Conceptual links between "environmental objects" as formalisation of "phys iographic un it s."
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Ta ble 3. The seven steps for qua li tat ive modell ing .

1. Relationships between qualitative variables, ident ificat ion of elementary in-
ferences and possible causes and consequences ;

2. Conceptual representation an d definit ion of a causal influence network ;
3. Quant ity Space, a finite set (of symbols) where ea ch variable takes its value;
4. Transfer Rules, to tr anslat e numerical val ues int o qualit at ive values, to

tr anslat e lingu isti c observation into qualita tive values, to permit qualitat ive
relat ionsh ips between variables;

5. Knowledge formalisation, definiti on of a set of cause-effect relati onships ac­
cording to the tra nsfer rul es;

6. Qualitative translation of measurement s and observations where, for a given
variable, a "value" is chose n in its quan tity space (this is the int er face with
the quant itative world);

7. Qualitative calculus where, in relation to the science involved in th e model,
a set of possible opera tions are defined .

A qualitative approach addresses some of the probl ems of
integra ted environmental modelling. We note that formulat­
ing a qualitative model is closely related to the formalisation
of a conceptua l model. One can have a clear under standing
of a situa t ion without at te mpting to form ali se it as mathe­
matical equa tions, and still utilise all th e available quanti­
t ative and qual itative data . A qualitative approach , sta rts
with th e identification of th e key system components and th e
fund am ental laws which govern them and th en atte mpts to
der ive and expla in th e sys te m behaviour. Abstraction and ag­
gregation are crucial st eps in qualitative model building. Here
they are even more important than in the case of quantitative
models with many unknown processes. As compared with
quantitative models, the emphasis of abstraction in qualita­
tive models has shifted from precisely measuring param eters
to recognising as many of the relevant variables as possib le,
including th eir potential associations and groupings. A mu l­
tid isciplinary per spective of th e sys te m to be modelled is es­
sential. Most fund am entally, the qualitative approach to un­
derstanding na ture requires more th ought about th e natural
syste m characteristics than about th e model det ail s: precision
is rela tively unimportant and more than one model can be de­
rived to describe any specific natural syste m. Thi s implicit ly
assumes th at the re is not a right and a wron g of model, and
that th er e can be differ ent interpretations of th e observable
real ity based on th e available information .

Q ualita tive Modelling as a Formalisation of Qualitative
Knowle dge

Giving an inte rpre ta tion of a qua lita t ive model is, th er e­
fore, based on subjective appreciat ion which depends on th e
goals and th e context of th e analysis. It represents an inter­
mediate level of an alysis withi n the top -down modelling ap­
proach (Figure 2). It integrates all th e available knowl edge
and simplifies th e complexity of the real world to make it
und erstandable and controlla ble. Within th e overa ll inte­
grated modelling framework, the qualitative representation
of knowledge will cont ribute to filling the ga ps in physical
and ecological process modell ing. Ther e is a need for an in­
tegral approach which aims at including all the available in­
formation on th e syste m under consi dera tion. This also ap­
plies to elements that cannot be form ali sed as clas sical math­
ematical equa tions . Without such an approach, th e best man-

Impact
eg: sea-level rise

~ positive effect

~ negative effect

Figu re 6. An exa mple of a qu ali tative model: the impact s of sea-level
r ise on a n inlet or la goon entrance.

agement solutions will be difficult to identi fy becau se
important kn owledge and experie nce will not be considered.
In addition, we expect that via such an approach we will be
able to use imp ortant know ledge and experience that would
be ignored by traditional quantitative te.g: strictly mathe­
matical ) models.

Quali tative modelling is an atte mpt to form ali se kn owledge
and experience (D E K LEE R and B ROW N , 1984; K UIPE RS ,

1986). Th e seven ste ps approach as defined in Tabl e 3 is in­
strumental to the development of qua litative models , as they
form ali se the available qualitative kn owledge. Th ese seven
steps are an attempt to organ ise in a rigorous way the con­
struction of qual itative models, from th e identification of
qua litative variables , to the definit ion of the values that can
be assumed by th e qualitative va riable and of th e rules of
tra ns formation from one value to an oth er. The sys te m can
assume both (1) values on a discrete space (i.e: a discret e
number of possible, selected, values) or (2) fuzzy values (i. e:
values ins ide a ran ge with the specification ofthe percentage
of occurre nce ).

The simplest example of qualitative modelling we can
imagine is represented by th e use of a signed graph represen­
tation (re la tionships betw een qualitative variables and con­
ceptual re presentation) where the possible symbols (quantity
space) are (see Figure 6 as an example):

(+) for a posit ive tend ency,
(- ) for a negative tend ency ,
( ) for a sta tiona ry tendency.

Transfer rules , kn owledge forma lisa tion and qualitative
t ra ns lati on of measurements and observa tions give the links
between the qualitative world and th e quantitative world . In
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this simple situation, the possible relationships among vari­
ables are chosen from the same set of symbols and the only
available measurements are expressed in linguistic terms:

(+ ) for a positive effect,
(-) for a negative effect,
( ) for no effect.

In this case, matrix computations (qualitative calculus) can
be applied to analyse the characteristics of the model which,
in practice, is a graph (PUCCIA and LEVINS, 1985). This for­
mulation is particularly useful to gain insights into the ten­

dencies of evolution for systems in local equilibrium, moving
equilibrium or sustained bounded motion, where some periodical
forcing is applied. This means that the direction of change
for the variables describing the state of the system is evalu­
ated. In practice, it is equivalent to a stability analysis for a
system in equilibrium. A good introduction to the topic is giv­
en in KALAGNANAM (1991). At the level that they can specify,
qualitative models may have an important role in testing hy­
potheses and verifying assumptions about the effects of
changing one variable. As already noted, this means that,
instead of one model, a number of models could be set up for
the same situation. One successive approximation scheme for
the development of an optimum qualitative model is as fol­
lows:

(1) commence with a limited number of variables and (if
possible) known links between them;

(2) add one variable and/or investigate all possible connec­
tions between the variables, particularly where the
model predictions are ambiguous or intuitively incor­
rect;

(3) determine the "most correct" connections between the
variables on the basis of model results and of any avail­
able "data and information";

(4) repeat steps (1) to (3) for each variable that appears to
be significant on the basis of a priori knowledge.

Examples of Application of Qualitative Modelling

Figure 6 presents an example of a qualitative model of the
impact of sea-level rise on a tidal inlet with two adjacent
beaches and intertidal flats. A behaviour-oriented model for
a similar case is described by STIVE et al., 1996. The two
adjacent beaches are treated in a different way to resemble
in some sense the situation of Figure 3 where the updrift area
is "free to evolve", while the downdrift area is "artificially
stabilised" by human interventions. As an example, sea-level
rise increases erosion of the updrift coast (-). A retreat of
the updrift coast affects the size of the flood delta and the
ebb delta in a negative way, but an increase of the flood delta
and the ebb delta affect respectively in a negative (- ) and a
positive (+) way the updrift coast (same for the downdrift
coast). Similar considerations apply to the tidal channel, the
lower tidal flat and the updrift dune morphology. When a
negative feedback acts on a given variable, this means that
in principle the variable is bounded by other "processes" not
explicitly considered in the model. In this case any direct shift
from equilibrium will be damped out by other processes.
When a positive feedback is applied, this means that in prin-

ciple the variable is further sustained by other "processes"
not explicitly considered in the model. In this case any direct
shift from equilibrium will act as a trigger to other processes
that will enhance disequilibrium.

In Figure 7 a possible improvement to Figure 6 is shown
by introducing additional qualitative variables. An ecological
aspect is now included, viz. the dune ecosystem. Sea-level rise
increases erosion/erodibility (+) which, in turn, decreases
dune stability of the updrift coast, and the coastal vegetation
(-), whereas it increases (+) the groundwater salinity.
Coastal vegetation enhances dune stability (+) and hence
counters erosion (-), and so on. Additional qualitative vari­
ables could be introduced such as flood-frequency. In that
case, impact analysis will consider flood frequency as well as
erosion. An increase in dune stability will decrease the flood
frequency (-); an increase of flood frequency will reduce
coastal vegetation (-) and increase the groundwater salinity.
Qualitative variables are often interchangeable such that we
could introduce directly variables relevant to the definition
of the vulnerability profiles (e.g. flood-risk instead of flood­
frequency).

In Figure 8 a different type of improvement to Figure 6 is
shown, based on a more detailed characterisation of the in­
ternal part of the lagoon. It distinguishes between two classes
of tidal flats (e.g., regularly flooded and rarely flooded) and
different types of vegetation.

In all three cases shown in Figures 6, 7, and 8, links can
be changed and adapted according to different "qualitative"
hypotheses. The comparison between the models can be made
in qualitative terms by looking at the correlation matrixes
that give the response of one variable to the forcing by an­
other variable. If all possible paths from the impacted vari­
able to the forcing variable have the same sign, the resulting
composite effect will also have the same sign. If not, little can
be said about the direct resulting effect between the forcing
variable and the impacted variable, unless impact relation­
ships can be quantified or otherwise made mutually compa­
rable. Then we enter the field of fuzzy modelling (see SHEN
and LEITCH, 1993) or, if we want to quantify the effects com­
pletely, that of traditional quantitative modelling. Qualita­
tive modelling is not sufficient for such an assessment. The
problem to solve here is how to properly evaluate the uncer­
tainty and the nonlinearity of the paths within the models?

DISCUSSION AND CONCLUSIONS

The need for more integrated approaches to the manage­
ment of coastal resources, given the uncertainties of climatic
change and the other possible changes, is recognised. We un­
derline the need to develop a conceptual framework which
can embrace all the data, information, knowledge and expe­
rience concerning the coastal system of interest, irrespective
of the form they have. The system dynamics and evolution
are also of interest, and need to be defined as much as pos­
sible.

We believe that appropriate proactive management of the
coastal zone will be able to sustain the prosperity of coast­
riparian societies, in spite of relative sea-level rise and other
global or local changes. Such management includes working
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~ positive effect
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Figure 7. Modifications to the qualitative model of Figure 6 to include the effect s of dune vegetation.

with nature and, in the context of coastal morp hodynamics,
fully uti lising natural sediment availability and natural eco­
system functioning. In order to achieve this goal, it is nec­
essary to investigate impacts and responses to climate
change. This requires integrated modelling tools and frame­
works. Most importantly, there is a need to begin thinking in
an integrated manner about these problems. Good integrated
conceptual models are the starting point of good integrated
modell ing tools.

We argue that significant progress in the integrated mod­
elling of long-term processes can be made by adopting a com­
prehensive conceptual framework. A top-down modelling ap­
proach is favoured, based on a number of distinct levels of
analysis, including explicit recognition of higher levels of
analysis where qua litative assessment is most appropriate.
This qualitative element to integrated modelling appears to
be fundamental. Therefore, the top-down modelling approach
formalises the use of knowledge and experience and then in­
tegrates data and available models . Many useful quantitative
models are already available, or they are being developed. To
gain insights about the integral functioning of the coastal sys­
tem , and hence to develop useful management tools , these
quantitative models can be integrated with new qualitative
models . The suggested approach makes the implicit assump­
tion that, while we cannot rely on the quantitative output of
many models for long-term predictions, we can be confident
about the qualitative predictions. Such qualitative judge­
ments concerning coastal behaviour are most valuable and
should not be ignored during impact and vulnerability as­
sessment.

The definition of a vulnerability profile can guide devel ­
opments in integrated modelling and can list priorities to be

considered in the development of qualitative models . Most
qualitative models are expected to be developed for ecological
systems and for the purpose of integration. Morphodynamic
predictions can be based on a number of quantitative models,
so this aspect of an integrated model can have a more quan­
titative approach. Yet, the results can best be interpreted in
more qualitative terms, given the remaining uncertainty of
long-term predictions. All models will need to be spatially
referenced, so some form of GIS will be an essential tool in
the integration.

The methodology proposed herein has been applied tenta­
tively to a number of Mediterranean river deltas. The results
are encouraging in terms of improved vulnerability assess­
ment and Coastal Zone Management (e.g., CAPOBIANCO et al.,
1995; SANCHEZ-ARcILLA et al., 1996). However, a consider­
able amount of work remains to be done before we will be
able to translate all the available information into the qual­
itative reasoning schemes which we propose. Rather than
presenting a step-based methodology for practical applica­
tions, this paper aims at promoting a line of thought con­
cerning the development of a better assessment and manage­
ment support practice.

Although this paper was inspired by the role and perspec­
tive of coastal morphologists, the know ledge-based system
that we introduced for integrated modelling can be expanded
with other elements of relevance to coastal management.
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Figur e 8. Modifications to th e Qualitative Model of Figure 6 to include
a better repr esentation of Tidal Flat Processes.
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the MEDDELT project, supported by the ED Environment
Research Programme, DGXII , under contract n. EV5V-CT94­
0465, Clima tology and Natural Hazards. The work is now
part of the PACE-project, in the framework of the ED-spon­
sored Marine Science and Technology Programme (MAST­
III ), under contract no. MAS3-CT95-0002.
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SUMMARY IN ITALIAN D
La previsione dell'evoluzione morfologica a lungo termine, a seguito sia di influenze antropiche dirette ed indirette che come conseguenza di possibili cambiamenti

climatici, sta assumendo un'importanza crescente nell'ambito della gestione costiera. All'aumentare della consapevolezza dei possibili impatti e meccanismi di impatto,
si assiste ad un parallelo aumento della necessita di ricorrere a strumenti modellistici a supporto della valutazione degli impatti di lungo termine ed a supporto
della pianificazione di interventi secondo l'approccio "precauzionale". E' altresi evidente che tali modelli richiedano di tenere conto sia del sottosistema morfologico
che del sottosistema ecologico sia, in ultima analisi, delle loro interazioni.

II presente articolo descrive possibili approcci per la modellazione della dinamica a lungo termine della morfologia costiera che tengano conto in modo esplicito del
"bisogno di integrare la conoscenza di diverse discipline". Viene presa in esame la tipica situazione di dati e conoscenza dei processi limitati, con l'ulteriore cornpli­
cazione rappresentata dalla variabilita spaziale della copertura e dell'uso dei suoli. Si assume che il necessario progresso nella modellazione della evoluzione a lungo
termine della morfologia costiera possa essere oggi ulteriormente stimolato adottando un quadro di riferimento concettuale in grado di trattare dati, informazioni,
conoscenze ed esperienze relativi al sistema costiero, qualunque forma essi abbiano.

Si assume che l'obiettivo possa essere raggiunto adottando un approccio concettuale alIa modellazione di tipo top-down che aiuti a formalizzare la conoscenza e
l'esperienza riguardante l'area costiera e ad integrare tutti i dati, Ie informazioni ed i modelli disponibili sia in termini quantitativi che qualitativi. La modeIlazione
qualitativa, che definisce Ie "tendenze evolutive", offre un importante strumento per tale scopo. L'approccio d'altra parte si presta ad essere strutturato in un sistema
di supporto aIle decisione basato sui modelli che, accoppiato a sistemi informativi geografici, rappresenta 10stato dell'arte degli strumenti di supporto aIle decisioni
nel campo ambientale.
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